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PA3JIEJ I. MEJULITHA

I'acnapos A.C., lyounckas E./l., PomanoBa H.B., Pa3zanoBa U.A., /lyToB A.A.
TexHoJIOTHYeCKE ACIEKTHI HHTPaoBapuajibLHOi ayToniazmorepanuu (PRP)

PYJIH Munobpnayxu Poccuu
(Poccus, Mocksa)
doi: 10.18411/1j-08-2021-01

AHHOTALUSA

B nganHOM HccnenoBaHMM — MPEACTABIEHBI  PE3yJbTaThl  MHTpAaOBapUaibHOU
ayrorutazmorepanuu (PRP — platelet rich plasma) y 80 mammeHTOK ¢ HU3KUM OBapUaIbHBIM
pe3epBoM U «OeaHbIM 0TBeTOM» B porpammax KO u ¢ HeapdexkruBHbIMEU nonbiTkamu KO
B aHamHe3e. B | rpymmy Obuio BiiaoueHO 40 JKEHIIMH, KOTOPHIM IPOBOAMIACH
uHTpaoBapuaibHas PRP C ucnonp3oBaHreM HAaBUTallMOHHOW TEXHOJIOTMH CTOM-TOYEK, BO 2
rpynny - 40 >KeHIIMH, KOTOpbIM mnpuMeHsuini PRP 6e3 ucrnonb3oBaHuS HaBUTALIMOHHOM
TEXHOJIOIMH cTon-Touek. [lonmyyeHHble AaHHbIE YOeAUTEIbHO AEMOHCTpHUPYIOT, uTo PRP ¢
UCIIOJIb30BAaHUEM HABUTALIMOHHOW TEXHOJIOTMM CTOIN-TOYEK JIyuylle BIIMAET HA aKTUBALUIO
GYHKIUH SIMYHUKOB (YBEJTUUYEHHE aHTUMIOJUIepoBa ropmoHa (AMI), yBenuueHue KoauyecTBa
aHTPaJIbHBIX (oK II0B (KAD), yBEJIUYEHHE 3CTpajuoia, CHIDKEHHUE
dommukynoctumynupyromero ropmona (@CI')), mo cpaBuenuto ¢ PRP 6e3 ucnonp3oBanus
HaBUTALIMOHHOW TEXHOJIOTMH CTOIN-TOYEK.

KuiroueBble c¢j10Ba: MHTpAaoBapuaabHas AyTOIUIA3MOTEPANMs, HU3KUN OBapUaIbHBIN
peseps, «OenHblil oTBeT» B porpamMmax DKO.

Abstract

This study presents the results of intraovarian autoplasmotherapy (PRP - platelet rich
plasma) in 80 patients with low ovarian reserve and "poor response” in IVF programs, with
ineffective IVF attempts. Group 1 (40 women) - PRP using navigation stop-point technology,
Group 2 (40 women) - PRP without using navigation stop-point technology. The data
obtained convincingly demonstrate that PRP with the use of stop-point navigation technology
has a better effect on the activation of ovarian function (an increase in anti-Miillerian
hormone (AMH), an increase in the number of antral follicles (NAF), an increase in estradiol,
a decrease in follicle-stimulating hormone (FSH)), compared to PRP without the use of
navigation technology stop points.

Keywords: intraovarial autoplasmotherapy, low ovarian reserve, "poor response” in
IVF.

Beenenne

BapuanTsl ayTorasMoTepanuy 4Ye€lIOBEYECTBO 3HAET U HCIOJB3YET YK€ HECKOJIBKO
BekoB. PRP/ OBTII (platelet rich plasma/o6orarmiennas TpoMOOIMTaMu T1a3Ma) — MOHSATHE,
BO3HUKIIEE B MeauiuHe okoio 30 ner Hazag M MpeAnosararllee HUCIOJIb30BaHUE
ayToIUIa3Mbl, B KOTOPOU cojepxaHHe TPOMOOIMTOB COCTaBJISET HE MeHee | MWIIMOHA B
MUKPOIUTpE (B HOpME cojiepkaHue TpoMOonuToB cocTanisier 200 Teicsy B Mukponutpe) [1,
2].

TpoMOOLUTHl MIpalOT BaXKHYIO POJIb HE TOJBKO B IPOLECCE T'EMOCTa3a, HO TaKKe
UHAYLUPYIOT: MUTOT€HE3, AHTUOTEHE3, XEMOTAaKCHUC, PEMOJIEIUPOBAHHE KIETOK U COCYJIOB [3,
4].

l'umore3a o ToMm, 4TO copepxaiuecs B OoraToil TpomMOoIUTaMM Iula3Me (HaKTOPbI
pocTa, CTUMYIUPYIOIIME POCT KJIETOK, MOTYT CTHMYJIHPOBATh IMOSBICHHE OITyXOJEBBIX
KJIETOK, OKa3ajach IOJIHOCTbIO HecOoCToATeIbHOU. TpomOomurapHble (aKTOpbl pocTa HE
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ABIIAIOTCA ~ MyTareHaMH. EcTecTBEHHbIE  ayTOJOTMYHbIE  MOJIUIENTHABl  YeJIOBEKa,
BO3JICHCTBYIOT TOJBKO Ha KJIETOYHYIO CTEHKY, a He Ha sipo. [locpenuuku (GakTopoB pocta
BBI3bIBAIOT HOPMAJbHYIO AKCIPECCHIO TE€HOB, B OTIMYHME OT MAaTOJIOTMYECKOM, KOTopas
CIocOOCTBYET BO3SHUKHOBEHUIO OIYyXOJH |3, 6].

Hcnonb3oBaHrue 3TOM TEXHOJOTUU [UJISl YBEJIMYEHHUS CKOPOCTH POCTAa KOCTHBIX
CTPYKTYp ¥ MSATKHX TKaHEH OBbLJIO OTKPHITHEM B TPABMATOJIOTHH, CTOMATOJIIOTUU M XUPYPTUU
[7, 8, 9]. 1 manee HOBas METOAMKA HAILIA MPUMEHEHUE B APYTHX OOJACTAX MEAWIIMHBI —
KOCMETOJIOTHH, IEPMATOJIOTUU U TUHEeKoioruu [6, 10, 11].

PerenepatuBHass MeauIlMHa — OYEHb Ba)XXHOE U TMEPCIEKTHBHOE HAaIlpaBIICHUE
COBPEMEHHOW MEIWIIMHBI. PereHepatuBHas MeIWIIMHA — 3TO HAYYHO OOOCHOBAHHBIE
TEXHOJOTHH YIPaBIsIeMONM pereHepaluu TKaHel, COXpaHEHHWE U BOCCTAHOBJIEHHE UX
CTPYKTYp U QyHKuui [2, 6, 12].

BoccranoBnenue M coxpaHeHHE PENpOAYKTHUBHOW (YHKUMU SKEHIMUH M MYXYHUH
SIBJISIETCS] BAYKHOM MEMUIMHCKOW U COLIMATIBHOM 3a71aueil COBPEMEHHON HAYKH U KIIMHUYECKOU
MPAKTHKY.

Henr wuccienoBanuss — CpaBHUTH dS(PPEKTUBHOCTh PA3IUYHBIX TEXHOJIOTHUN
WHTpaoBapHalibHOM ayToriaszmorepanuu (PRP) npu cHukXeHHOM OBapHalbHOM pe3epBe.

Matepuajbl U MeTObI HCCJIEJOBAHMUS

B HacTofiiee NpPOCTIEKTHBHOE OJHOLIEHTPOBOE KOTOPTHOE UCCIEIOBAHHE OBLIO
BKIItOUueHO 80 MAMEeHTOK C HU3KHM OBapUAIBHBIM pPE3epBOM U «OCAHBIM OTBETOM» B
nporpammax DKO, B Bo3pacte 35 net u meHee, nokazarenb AM menee 1,2 Hr/min u KAD
MeHee 5.

[Toncuer KA® npooawiics Ha 3 neHb MeHcTpyaiabHoro nukima (MII) ¢ momornisio
TpaHCBAarMHAJILHOTO AaTuuka. 'opMoHabHOE 00cieq0BaHue MPOBOMIOCH Ha 2-3 aeHb MI]
(AMI', ®CI', Dctpannon). MOHUTOPHHT BBINICYKAa3aHHBIX IapaMETPOB MPOBOJIWIN 10 H
yepes 3 Mecsila 1ocjie UHTPaoBapHaIbHOM IJ1a3MOTEpaiH.

80 marMeHToOK METOJOM CIy4YalHBIX Yhce ObUIM pasziefieHbl Ha 2 Tpynnsl: 1 rpymnma
(40 xenmuH) — PRP ¢ ucnonb3oBaHeM HAaBUTAIIMOHHOM TEXHOJIOTMM CTOIM-TOYEK, 2 Ipymma
(40 >xenmuH) - PRP 6e3 ucnosib30BaHUsI HABUTAIIMOHHON TEXHOJIOTHHU CTOI-TOYECK.

DTanbl UHTPAOBAPUATIHLHON ayTOIUIa3MOTEPANMK C UCIOJb30BaHUEM HABUTAIMOHHOU
TEXHOJIOTMH CTOI-TOYEK:

1. Ilo 3anaTeHTOBAaHHOW TEXHOJIOTUW  MPEABAPUTENHHO  OMpPEIENSIeTCS
HABUTAIIMOHHBINA TPEK U CTOM-TOYKHU BBEACHHUS ayTOIJIa3MbI

2. Yepes crienuanbHyI0 HacaaKy Ha JAaT4YUK, C yUETOM MEPCOHUPHUIIMPOBAHHOTO
HaBUTAIIMOHHOTO Tpeka, chopmynupoBanHoro 3D VY3 c¢ mnomombio
ormHotpocBeTHOH wrinbl 20/21G  TpaHCBarmHaNbHO Yepe3 3aIHUN  CBOJ
BJAarajuilla B aBacKyJSPHYIO LEHTPaJbHYI0 YacTh MO3TOBOIO BelIeCTBa
SUYHUKA, B OMPE/IeNIEHHbIE 4 CTOM-TOYKM BBOJAUTCS ayToruiazma (mo 0,25 mu
B KOKIYIO).

BrimeykazanHasi aBTOpCKasi TEXHOJIOTHSI MO3BOJISIET ONTUMHU3UPOBATH Pl BaXKHBIX
(baxTopoB:

1. IloBbiienne 3¢p¢GEKTUBHOCTH - BBEACHHE ayTOIUIa3Mbl B OTHOCHTEIHHO
KPYMHBIN COCYy]l CHUXAET ee 3PPEKTUBHOCTD;

2. IloBbimenue 3PeKTUBHOCTH — IpOOHAs MHBEKIHS B 4 CTOM-TOYKH CO3JAET
HECKOJIbKO 30H AaKTHBalMM ¥ TO3BOJIAET PaBHOMEPHO pacIpeneIuTh
ayToIUIa3My B MO3TOBOM BEIIECTBE SUYHUKOB,;

3. Cumxenue 3 (HEeKTUBHOCTH M yBEeMYEHUE O€30MMacCHOCTH — TpaBMa COCYOB
MpU TPOBEACHUN MAHUITYJISIIIUM MOXET TMPUBECTU K 3HAYUTEIBLHOMY WIIH
HE3HAUUTEIbHOMY KpOBOTEUYeHHIO. Jlake MUHHUMAJIbHOE KPOBOTEUEHHUE
CHIDKAET 3¢ (HhEeKTUBHOCTb.
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IlonroroBka oOorameHHOW TpOMOOLMTAMH AyTOIUIa3Mbl OCYLIECTBISUIUCH I10
CTaHIapTHOMY MpoToKoy [2, 3].

Bce manmenTkn 6b6utM IO JpOOHO MHGOOPMUPOBAHBI O MIPEACTOSIICH IPOIEIype U AN
NMCbMEHHOE MH(POPMHUPOBAHHOE COTJIaCHE.

Cratuctudeckyio 00paboTKy pe3ysbTaTOB MPOBOAMIH ¢ Hcmoib3oBanneM IBM SPSS
Statistic 21.0.0.0 u Statistica 10,0 for Windows. JlocToBepHOCTh pa3IHuMUil TOITYyYCHHBIX
pe3yJbTaTOB OIpenesiach C MCIOJIb30BaHHEM MapHOro, jaubo HemapHoro t — Ttecta
CrprozienTa. Paznuuus Mexay rpynmnamMu cuuTaiu 1octoBepHbiMu npu p<0,05.

Pe3yabTarhl COOCTBEHHBIX HCCJIEIOBAHUN U UX 00CYKIeHHE

[TaneHTKH ¢ HU3KUM OBapHajbHBIM PE3EPBOM M «OETHBIM OTBETOM» B IpOrpaMmax
OKO — sBnAOTCA MaJONEPCHEKTUBHBIM KOHTHHICHTOM OOJBHBIX B IUIAHE COXPAHEHUS U
BOCCTaHOBJICHHS PENPOAYKTUBHOM (yHKimu [13, 14].

TexHonoruu, KoTtopple MoOIIM Obl MOMOYb 3TOW TIpymnne OOJIbHBIX, OYEHb
BOCTpEOOBAaHbl MEJMIMHCKOM HAyKOM M KIMHUYECKOW mnpakTukod. lcnonb3oBanue
UHTpaoBapuaibHOM ayTomnazmoTtepanuu (PRP) sBnsercs HoBaTopckoil TexXHOJOTHEH B
JICUEHUH BbIIIEYKa3aHHOHN TpymnIibl 00IbHBIX. B 1OCTYNHO uTepaType UMEIOTCs eIMHUYHbIE
paboThl, MOCBSALICHHBIE TaHHOM Tipodiieme [15, 16].

Ha nanHom 3Tare oueHb BaXXKHO IIOKa3aTh:

1. Umeercst nu  MONOXUTENBHBIA  3(deKkr akTHBaUMUM  SAUYHUKOB  OT
MHTPaOBapHaJIbHON ayTOIUIa3MOTEpaIny;

2. CpaBHUTh pa3JIMYHblE TEXHOJOIMUYECKHE AacleKThl HHTPAOBapHAIbHOM
ayTOIIa3MOTEPAIIH y MALMEHTOK IPU CHUKEHHOM OBapUalbHOM pe3epBe.

Pe3ynbTaThl KIMHUUECKOrO 00CIe10BaHuUs U JaHHbIE aHAMHE3a HE BBISIBWIIN pa3inuuii
Mexay obcneayembimu rpynnamu (p>0,05) mo TtakuMm mapaMerpaMm Kak: BO3pacT, WHIEKC
maccel Tena (MMT), anurtenbHOCTH Oecriionusi, 4acTOThl IMEPBUYHOIO U BTOPHUYHOTO
Oecrutous, CpeiHee KOJIMUECTBO Mpe/ecTBYoIHxX Heynad-nonbtok DKO (Tabmuma 1).

Tabnuya 1
Knunuko-nabopamopnule napamempol nayuenmox 1 u 2 epynnol
HccienoBanue napamerpa nam:ﬁzgk(l;ologg Tt Hamﬁzgk(];ozog/lg THIb!
Bospacr 30,5+1,2 32,9+1,2
UMT (xr/m%) 23,4+3,9 23,043,3
JIIMTEILHOCTDH OecTLIoaust 3,9+1,1 4.1+1,1
IMepBuunoe Gecnioaue 28(70%) 27(67,5%)
BropuuHoe Gecniioaue 12(30%) 13(32.5%)
Cpennee KOJINYECTBO
NpeauecTBYIONIHX HeyAauHbIX 2,26+0,7 2,3+0,7
nonbITok IKO
AMTI (ur/mi) 0,41+0,1 0,42+0,1
®CT (ME/ma) 21,1431 21,9432
AcrpaauoJ (1mr/mJ) 50,249,3 52,094
KA® (Y3N) 3,1+0,9 3,2+0,9

Ilpumeuanue — 0ocmosepuvlx paziuduti mexcoy epynnamu He gvisasiero (p>0,05)

OOGcnenoBanne mMapkepoB oBapuaibHOro pesepBa: AMI,, ®CI, Dcrtpammnon, KAD
yOEIUTENbHO MTOKA3bIBAIOT:
1. CHmwKeHHe 0BapHaIbHOTO pe3epBa Y BCEX MAIUEHTOK;
2. OtcyTcTBUE pa3nuuuii Mexay obcienyembiMu Tpynmnamu (p>0,05) (Tabnuua
1).
Taxum 06pa3omM, UMeeTcsl EAMHCTBEHHOE pa3IMyie MEXI1y 00CieyeMbIMH IPyIIIaMy,
KOTOPOE CBSI3aHO C TEXHOJIOTHEH WHTPAOBAPHAIHLHON ayTOIUIa3MOTEPATIHH.
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Tabnuya 2
Knunuxo-nabopamopnule napamempul 00 u yepes 3 mecaya nocie UHmMpao8apuaIbHou
aymonnazmomepanuu (PRP)

1 rpynna 2 rpynna
n-40 (100%) n-40 (100%)
Yepes
Yepes 3
Mapawerp Jo mpoBenennst | Mecsina nocne | Jlo mpoBeaeHHs 3 r:s;ga P
PRP MIPOBEACHUS PRP
PRP HPOBEICHUS
PRP
1 2 3 4

P;,<0,05
AMTI (Hr/mi) 0,41+0,1 1,1+0,2 0,42+0,1 0,7+0,2 P34<0,05
P,4<0,05
P;,<0,05
OCT (ME/mn) 21,1£3,1 10,1+2,2 21,9+3,2 15,2+2,1 P34<0,05
P,.4<0,05
DcTpaanon P12<0,05
(Hfr’ ) ;‘H) 50,2493 94,9+5,0 52,0+9,4 69,1+4,7 P34 < 0,05
P,.4<0,05
P;,<0,05
KA® (V31) 3,1+0,9 6,9+0,8 3,2+0,9 4,7+0,1 P34<0,05
P,.4<0,05

Yepesz 3 Mecsna mociie MHTPAOBAPHAIBHOM ayTOIUIa3MOTEPANMH Yy MALUEHTOK CO
CHIDKCHHBIM OBapHUajbHOM pEe3epBOM HAOOAeTCsl aKTHUBAlMA (QYHKIUH SUYHUKOB U
JOCTOBEPHOE YyIy4IlIECHHE OKa3aTeae oBapualbHOro pesepna: ysenuueHnue AMI, cHIkeHue
@OCT', yBennuenue scrpanuona u KA® (Tabnuuna 2).

BeleykasaHHble H3MEHEHHS IIPOUCXOAAT KakK B 1, Tak U BO 2 IpyIIe HE3aBUCUMO OT
TEXHOJIOTUYECKUX aCIEKTOB HHTpaoBapHaibHOM ayTorutazmoTepanuu (Tabmuua 2).

Bmecte ¢ Tem, oueHb BaXKHO C HAyYHOM M KIMHUYECKOW TOYKU 3PEHUS CPABHUTH
pe3ynbTaThl aKkTUBAUUU (YHKIUU SUYHUKOB B 3aBUCHUMOCTH OT TEXHOJOTMYECKUX ACIIEKTOB
JIEYEHUSI.

Yepez 3 Mecsana nocie HMHTPAOBAPUAIBbHOM ayTOIUIA3MOTEPANMM Yy MAlUEHTOK |
TPYIIIBI YIAETCS ONpeaennTh JocToBepHOe yBennuenne AMI', camxenne @CI', yBennuenue
sctpanuona u KA® na 50-70% mo cpaBHeHUIO ¢ nanpeHTkamu 2 rpymnmns! (Tabmuma 2).

Takum oOpa3oMm, aBTOpCKasi METOJUKA HMHTPAOBApUAIBHOM ayTOIIa3MOTEparu C
WCIIOJB30BAHUEM HABHTAllMOHHOM TEXHOJIIOTMH CTON-TOYEK IO3BOJISIET CYLIECTBEHHO
YIIYYIIUTh AKTUBALUIO STUYHHUKOB.

BolmeykasaHHble  pe3yJbTaThl  ABISAIOTCA  NWUJIOTHBIMM, HO  JOCTaTOYHO
00Ha/1eKMBAIOLTMH.

Heo06xoauMo mpoAoIDKUTh HUCCIEIOBaHUS UM PacIIUPUTh paMKH: HCCIEOBATh
OTJIaJICHHbIE PEe3yJIbTaThl, COXPAaHEHHWE M BOCCTAHOBJICHHE PENPOAYKTUBHON (QYHKIUU B
BBIIIEYKA3aHHbIX TpYINax, a TakXke JOMOJIHUTEIbHO OO0Cien0oBaTh Jpyrue TpYIIbI
HNAIUEHTOK.

Takum 00pa3oMm, TpPOBENEHHOE WCCIEIOBAHUE U IMOJYYCHHbIE NpeABapUTEIbHBIC
pE3YJIBTAThI C OLIEHKON Yepe3 3 MecsAla MO3BOJIMIIM CIENaTh CIEIYIOIINE BHIBOIBL:
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10.

11.

12.
13.

14.

15.

16.

1. UntpaBoapuanbhas miasmorepanuu (PRP — platelet rich plasma) sisnsercs
METO0M, KOTOPbIM aKTUBHPYET (PYHKIUIO SHYHUKOB y MAllMEHTOK C HU3KUM
OBapHaJIbLHBIM PE3EPBOM U «OeIHBIM 0TBETOM» B mporpamme DKO 1o takum
Mapkepam, kak: ysenuuenue AMI, camxenne OCI', yBenuuenue sctpaanona
u KA®.

2. ABTOpCKas  TEXHOJIOTHsSl ~ HMHTPAaBOAPUAIBHOW  ayTOIUIa3MOTEpanmuu ¢
UCITIOJIb30BAaHUEM HABUTAIIMOHHOM TeXHONoruu cron-touek (1 rpynma
JKCHIIMH) ITO3BOJIAET CYHICCTBEHHO YIy4muTh (B cpeaneM Ha 50-75%)
aKTUBAlMIO SUYHMKOB II0 TakKuUM MapkepaM, Kak: yBeaudyenue AMI,
camwkenne OCI, yBennuenue scrpaguona u KAD mno cpaBHeHHIO ¢
UCTIOJIb30BaHUEM MHTPaBOAPHATILHON ayToIUIa3MOTEpauu 0e3
HABUTAIIMOHHOW TEXHOJIOTHH CTON-TOYEK (2 TpyIIa KEHIIUH).

***
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AHHOTAUSA

N3ydensl HEKOTOpBIE (DAaKTOPHI, BIUSIOMINE HA PETPOAYKTUBHOE 370POBBE KECHIIHH,
BKJIa/l TEHETUYECKUX U CPENOBBIX (PaKTOPOB B pa3BUTHE KEHCKoro Oecruioaus. B pamkax
JAHHOTO MCCIIEOBaHUSl ObUT0 mpoaHanu3upoBaHo 100 MeAMIMHCKUX KapT JKCHIIUH,
NAalMEeHTOK KIMHKM «Matb u autsa». [IpoBoauioce uccienoBaHue pasHbIX (OpM JKEHCKOro
oecrutoaus, cootBeTcTByromuXx MKbB. OneHnBanuch Takue moka3aTeiii, Kak BO3pacT, HHIIEKC
Macchl Teja, MPOJOKUTEILHOCTh 3a00/1€BaHNs, TOPMOHAIbHBIN (OH, KAPUOTHUIT U CEMEUHBIN
aHAMHE3 C LENbI0 BBISBICHUS TEHETHUYECKOW OOYCIOBICHHOCTH M3Y4aeMOW MaTOJOTHH.
VY CTaHOBIJIEHO, YTO MEPBUYHBIC HApYyIIEHUs AECTOPOJHONW (DYHKIMH Yy JKEHIIMH BCTPEYArOTCA
HECKOJIbKO 4ale, 4yeM BTopudHble. Hanbonee yacto BcTpedaeMoil MpUYMHON Oecriofus B
oOciieyeMol TpyIIe >EHIUH SBJISETCSd HapylIeHHEe IPOXOJMMOCTH MAaTOYHBIX TpYO.
BeposiTHOCTS HacTyIuIeHHs] OEPEMEHHOCTH CHIDKACTCS /ISl )KEHIIMH ¢ M30BITOYHOM Maccoi
tena npu UMT 60J'I€625,3KF/M2. VY BospmmHCTBA 00CHEIOBAHHBIX JXEHIIUH C ITOMOIILIO
IPOBEICHHBIX METOJIOB UCCIIEOBAHMS HE YAAJIOCh BBIABUTH POJIb T€HETHYECKOTO (hakTopa B
pa3Butuu Oecruiogus. Pe3ynbTaThl HMccienoBaHUSI MOKA3bIBAIOT, 4TO s 88% >KEHIIMH C
JUINTEIbHBIM OECIIONEM YCTAHOBJIEHO IMO37HEE OOpalleHHe B KIMHUKY PENpOAYKTUBHOMN
MEIWLIVHBIL.

KiroueBble c10Ba: penpoayKTUBHOE 3/I0POBBE, KEHCKOE OecIione, reHeTHIeCKHe
(akTops! 6ecrioaus.

Abstract

Some factors influencing the reproductive health of women, the contribution of
genetic and environmental factors to the development of female infertility have been studied.
Within the framework of this study, 100 medical records of women, patients of the "Mother
and Child" blade were analyzed. A study was conducted of various forms of female infertility
corresponding to the ICD. Indicators such as age, body mass index, duration of the disease,
hormonal levels, karyotype and family history were assessed in order to identify the genetic
condition of the studied pathology. It has been established that primary impairments of
reproductive function in women are more common than secondary ones. The most common
cause of infertility in the surveyed group of women is impaired patency of the fallopian tubes.
The likelihood of impaired pregnancy is reduced for overweight women with a BMI of more
than 25.3 kg / m?. In the majority of women surveyed, using the conducted research methods,
it was not possible to identify the role of a genetic factor in the development of infertility. The
results of the study show that for 88% of women with long-term infertility, late conversion to
the blades of reproductive medicine was established.

Keywords: reproductive health, female infertility, genetic factors of infertility.

AKTyaJabHOCTh TeMbl. Ilo nanHeiM BcemupHO#l opraHuszanuu 3apaBOOXpaHEHUs
KOJIMYECTBO CYNPYKECKUX Map, CTAJIKUBAIOMIMXCSA C OECIUIOJUEeM, COCTaBIIIET B CPEIHEM
15%, a B HekoTophIX perrmoHax Poccum naHHbINA nokazatens gocturaer 20% u He uMmeer
TeHJEHIIMU K CHWKeHuto [l1]. DTo sABIgeTcs OAHOW U3 NPHOPUTETHBIX MPOOIEM
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COBpeMeHHOro obmectBa u rocynapctsa [1;2]. B 42,6-65,3% ciyuaeB Gecmionue B Opake
00yCJIOBJICHO HAapyUICHHEM pEenpoayKTHUBHON (QYHKUMH >KeHIIuHBI, B 27,7 - 48,4% -
HapyLIeHUSMH Y OOOUX CYINpPYroB, B psijieé CIy4yaeB MpHYMHA OECIUIONUS OCTaeTcsl He
BeisicHeHHON [2; 3]. CymectByer psaa  (akTopoB, MNPUBOAAIIMX K  HApYLICHUIO
penpoAyKTHUBHOM  (GYHKIMM Yy SKEHUIMH: OSHJOKpHUHHBbIE 3a00JieBaHUS, CHIDKEHUE
OBapHAIILHOTO Pe3epBa, TPYOHO-NEPUTOHHAIBHBIN (PaKTOpP, FIHIOMETPHO3, MYKCKOH (akTop,
reHeTudeckue (paKTopbl, HEOJArONMPHUATHBIE CpeioBbie dhakTopsl [4; 5; 6].

Heas paGoTbl: u3ydeHue (HAKTOPOB, BIUSIOMIMX HA PEHPOIYKTHBHOE 370POBHE
KEHIIMH C JUarHo3oM «Oeciionuey», a TakkKe poJId TeHeTHYeckux (akTopoB B
(opMHpPOBAHUY PENPOTYKTHBHOTO 310POBBS JKEHIIKH.

Matepuanbl 1 MeToabl. B pamkax JaHHOTO HcciIe10BaHUS OBLJIO MPOAHATU3UPOBAHO
100 MeIMIMHCKUX KapT S>KCHIIMUH-TAMUEHTOK KIMHUKKH «Mate u auts». [IpoBoauioch
UCCJIEIOBAaHUE Pa3HBIX TUIOB XeHCKoro oecrionusi, coorsercTBytomux MKb. OuenuBanuch
TaKue IMOKa3aTeNd, KaK BO3PACT, MPOJOJIKHTEIBHOCTh 3a00JIeBaHuUsl, TOPMOHAIBHBIN (hoH,
KapuoTuIl (MIPU HAJMYMU JaHHBIX O MPOBEACHUU TECTa) U CEeMEHHbIH aHaMHe3 (C LeNbio
BBISIBJICHHSI TEHETHYECKOW OOYCIIOBICHHOCTH wu3y4yaeMoil marosoruu). CocTaBieHbl U
MPOAHAIU3UPOBAHBl  POJIOCIOBHBIE CE€MEH, B KOTOPBIX MMEIUCh HACleICTBEHHbIE
3a00JIeBaHHUS.

Pe3yabTaThl U HX 00cy:kIeHHe. B pe3ynpTaTe aHaian3a JaHHBIX METUIIMHCKUX KapT
MAIMEHTOK YCTAaHOBJIEHO, YTO TEPBUYHBIC HAPYLICHHS IETOPOMHON (PYHKIMH Y >KCHITUH
BCTPEUAIOTCS HECKOJbKO daie, yeM BropuuHble (52,56% u 48,44% COOTBETCTBEHHO).
[Ipoananu3upoBaB JaHHbIE, MBI NPHUIUIM K BBIBOLY, YTO HauOojiee 4acTO BCTpEUAEMOM
npuuuHoii npu obpamenun k KO sBisiercs xeHckoe Oecrioiue TpyOHOro MPOUCXOKICHUS
(N97.1), BTOpasi Mo pacmpoCTPAaHEHHOCTH NMPHYMHA - HEYTOUYHEHHOE JKEHCKOE Oecruioaue
(N97.8). B 2015 r. TpeTbeit mo pacnpoCTpaHEHHOCTH MPUYUHOMN CTAJIO JKEHCKOE OecIuioaue,
CBSI3aHHOE C OTCyTCTBUEM OBYJsiu (N97.0).
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Puc.1. Ocnosnvle npuuunvl scencko2o becniodust no 0anuvim kiunuku «Mamo u oumsy. Cocmasneno
asmopamu.

Hamu 6b110 TpoaHann3npoBaHO MECTO KUTENIbCTBA MAalMEHTOK. BOIBIIMHCTBO U3 HUX
SIBJIFOTCSI TOPOJCKUMU JKUTENbHULAMU. B ananmsupyemoM nepuojne, HauuHas ¢ 2013 mo
2020 rr. KOIMYEeCTBO OOpAIIeHWH TOPOJCKUX IMAIMEHTOK CHUJIBHO IPEBBINIANI0 CEIbCKHUX,
0Cc00EHHO CHIIbHBIN pa3pbiB Habmromancs B 2014 u 2017r.r.

JaHHblii (aKkT yka3bIBaeT HaM Ha BEPOSATHOCTb TOTO, YTO IUIOXAs IKOJOTHMUYECKast
00CTaHOBKa (3arps3HEHHBINA BO3/1yX, HAJMYUE BPEAHBIX MPUMeEcel B BOAOMPOBOIHON BOJE U
T.J1.) B TOPOACKON 4epTe MOXKET HANPSAMYIO MM KOCBEHHO CTaTh IPUUYUHON OECIIOAHNS.
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Puc.2. 3asucumocmo wacmomuwl dHcencko2o 6ecnioous om mecma npoastcusanusl no OanHbiM Kaunuku «Mamo u
oumsy. Cocmasneno asmopamu.

Cpenusis  TPOJOJDKUTEIBLHOCTh  OECIIONUs BCEX OOCIICIOBAaHHBIX  MAIMEHTOK
cocrtapinsier 7 net. Ognako y 47,7% NpoaoIKUTEIbHOCTD OSCIUIOAMS cocTaBuiaa ot 7 10 22
JIET, YTO CBUICTEIHCTBYET O MO3AHEM OOpaIICHUH MAIlMEHTOK B KJIWHUKHU PETPOTYKTHBHOMN
MEIULIMHEL.

Yamre Bcero k nmomontu DKO npuberanu »xeHIUHBI B Bo3pacte 32-35 net (46%) u 28-
31 net (31%), mnanmentku B Bo3pacte 36-39 cocraBunu 11%, manuenTku B Bo3pacte 10 27
net coctaBmi 8 %, , u nocne 40 et u crapme 4 % (puc 3).
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Puc3. Ilpooonscumensrocms becnioous 8 3a8uUcuMocmu om 603pacma

Ha penpoaykTuBHYI0 (QYHKIIHIO MOXKET BIUATH KaK JEPUIUT Beca, TaK M €r0 U30BITOK
[6]. TTpu anamuze UMT y 31% xeHmuH HaOMIOAaIACh H30BITOYHAS Macca Tella U OKUPCHHE
(UMT Gomee 25,3 kr/m°). DTO CHIKAET BEPOSTHOCTb HACTYIUICHHS OCPEMEHHOCTH W
pokImaeMocTu 3A0poBoro pedberka [6]. CpeaHuil BO3pacT KEHIIWH C TUarHO30M Oecruioane
coctarisn 33 roma. Kak M3BECTHO € BO3pAaCTOM CHHYKAETCS KOJWYECTBO SUIECKIETOK, M UX
CIIOCOOHOCTH K OIJIOJJOTBOPEHHIO, BO3pACTAaeT PUCK TE€HETHYECKHX OTKIOHeHHd. Ha ocHOBe
MOJTyYEHHBIX JAHHBIX HCCIEI0BANIACh B3aMMOCBS3h BOSHUKHOBEHHS JKEHCKOTO OECILTONUs C
HAJIMYUEM TCHETHYCCKUX 3a00sieBaHMi. Bpiio 00HapyXeHO, 4TO y OJM3KHX POJCTBEHHUKOB
32,35% KeHIIWH, CTpaJalIux OecruiogueM, UMEIUCh HacliecTBeHHbIe OosiesHu. M3 100
MPOAHAIM3UPOBAHHBIX MEIMIIMHCKUX KapT B 32 ObUIM TNPUBEICHBI PE3yJbTaThl aHaW3a
kapuotuna. B 30 ciayyasx KapHOTHUI COOTBETCTBOBAJ HOpPME, B OIHOM cliydae OBLIH
BBISIBJICHBI HE3HAYMTEIbHBIC OTKIOHEHHS OT HOPMBL. Y OJHOW MAIMEHTKH OMNpPEIEICHbI
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U3MEHEHUs, KOTOPhIE MOTYT OBITh MPUYMHON CHHIPOMA MPUBBIYHON MoTepu OepeMEeHHOCTH
(xapuotun 46XXt(1:8)(q42tq24.3)).

[Ipu ananu3e pOJIOCIOBHBIX YCTAHOBIEHO, 4TO Y 3% 0OCIEIOBaHHBIX >KEHIIUH
OTMEYAIOTCSl CeMEHHbIE caydau 3a00JIeBaHUI, HETATUBHO BIIMSIOUIMX Ha O0ILEE COCTOSHHE
3II0POBBSI M, BO3MOKHO, Ha PENPOIYKTUBHYIO (YHKIHIO (TpoMOOQuIns, caxapHblid quader,
OHKOJIOTHYECKHUE 3a00IeBaHMUS).

BoiBoablI.

1) [lepBuuHOE HapylIeHHE IETOPOJHON (GYHKIMH Y OOCIEAyeMbIX IKCHIIMH
BCTPEYAETCS] HECKOJIBKO Yallle, YeM BTOPUYHOE;

2) Haubonee yacTo BCTpeyacMbIMU TNPHUYMHAME OCCIUIONMUS SIBIISICTCS )KEHCKOE
Oecronue TpyOHoro mnpoucxoxiaeHuss (N97.1), HEYTOUHEHHOE MKEHCKOe
oecrutogue (N97.8), s)xeHcKkoe Oecruioane, CBA3aHHOE C MYXKCKHUM (DaKTopom
(N97.4),

3) B noarpymnmax Bo3pactHOM rpynmbl 20-36 jeT camoil pacnpocTpaHEHHOW
OpUYMHOW  Oecrutofmsi  SIBJISIETCS  JKEHCKOoe  Oecruiogwe  TpyOHOTrO
npoucxoxaeHus N97.1, B moarpynnax Bo3pacTHod rpynnbl  40-50 camoit
pacmpocTpaHEeHHONH NPUYMHOW OECIUIONUS SBISCTCS JKEHCKOE Oecruioaue
HeyTouHeHHOe N97.8;

4) Y 1/3 xeHmuH ¢ OecrutogreM HaOtogaeTcss M30BITOYHAS Macca Tejla H

OKHUPEHHE;
5) B OoJbIIMHCTBE CJy4aeB Yy 00CJIeIOBaHHBIX JKCHIMUH C TOMOIIBIO
MPOBEJICHHBIX METOJIOB HWCCICAOBAaHUS HE yaaercs BBISIBUTH  POJIb

reHeTuyeckoro (akropa B pa3BuTHM Oecrionus. B cBsa3u ¢ stum
1eJIecO00pa3HO  MCIOJb30BaTh  IIUTOIEHETHMYECKHME U MOJIEKYJISPHO-
TEHETUYECKAE METOAbl JHUAarHOCTUKM Y TAUUEHTOK C HEBBIACHCHHOU
OPUYIMHOM Gectionus;

6) Hons Oecriomus, CBS3aHHOTO C MYKCKHM  (DaKTOpOM, OTHOCHTEIHHO
HeBbIcOKa. JlaHHBIN (akT yka3plBaeT Ha TO, YTO Yalle BCEro B Mapax,
oOpalarmuxcs K BCIIOMOIAaTeNbHBIM PENpOAYKTUBHBIM TEXHOJIOTUSAM B
nentpsl MJIK, 6ecruionne Habmo1aeTcs co CTOPOHBI JKEHIIUHBI.

Taxum 06pa3zom, MPOBEACHHBIE UCCIIEOBAHUS €Ille Pa3 MOAUYEPKUBAIOT AKTYyaJIbHOCTh
IPOBEJCHUE KIMHUYECKUX HUCCIIEIOBaHUM Uil OOBEKTHBHON IOCTAaHOBKM JUarHo3a M
pa3paboTKy NOCIeAyONeN TAKTUKY TUIaHUPOBAHUS OEPEMEHHOCTH y CYIIPYKECKOM Maphl.

*kx
1. 3npasooxpanenne B Poccun. 2015: Crar. ¢6./Poccrar. - M.,2015.¢.54.
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Ionsin // Mononoii yuensiit.-2017.-Ne 14.2.-C.10-13
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AJre3uBHbIE CUCTEMBI H UX POJIb B COBPEMEHHOH CTOMATOJIOTHH
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AHHOTAUSA

B [1aHHOW cTarbe pacCMOTPEHBI COCTaB M CBOWCTBA, TEXHUKA HCIOJb30BAHUS
aJIr€3UBHBIX CUCTEM, IPUMEHSIEMBIX B CTOMATONOTMU. OCBEILIEHbI JOCTOMHCTBA U HEIOCTATKH
aJre3WBHBIX CHUCTEM pa3HBIX TIOKOJICHHWH, a TakXKe HIOAHChI pPabOTBl C COBPEMECHHBIMU
aJre3UBHBIMU CUCTEMaMH.

KiaroueBble ciaoBa: anare3usi, aJare3WBHbIE  CHCTEMBI, THOPHIHBIA  CIIOW,
KOHJULIMOHUPOBAHHUE, CAMOIIPOTPABIINBAHUE.

Abstract

This article discusses the composition and properties, the technique of using adhesive
systems used in dentistry. The advantages and disadvantages of adhesive systems of different
generations are highlighted, as well as the nuances of working with modern adhesive systems.

Keywords: adhesion, adhesive systems, hybrid layer, conditioning, self-etching.

Ha panHOM »3Tame pa3BUTHS CTOMATOJOTUM CYLIECTBYIOT CEMb IOKOJICHHUM
aJIre3WBHBIX CHCTEM. BriepBbie JaHHBIE CHCTEMBI ObLIN UCTIOIB30BaHbI B KoHIlE 1970-X romos.
OHHU XapaKTEePHU30BAIUCH JOBOJIHLHO BBICOKMMH TOKA3aTEISIMUA aJre3UHd CTOMATOJIOTUYECKOTO
Marepuaia K sMaiu 3y0a u KpailHe HU3KUMHU K JEHTUHY, TaK KakK CICTUICHHE JOCTUTANIach 3a
CYET B3aMMOJICHCTBUA OOHIa W MOHOB KaJIbLIMSI, COJEPIKAIUXCS B JIEHTHHE, MPHU ATOM B
OOJIBIIMHCTBE CIy4yaeB pa3BUBANACh TOCTOMEPAIIMOHHAS UYyBCTBUTEIBHOCTh. [lOMBITKH
3a7IeHCTBOBATh CMAa3aHHBIM CJIOW I TOBBIIICHHUS CHJIBI CIEIJICHUS CTOMATOJOTHYECKOTO
MaTepuasa ¢ TKaHIMU 3y0a Takke Obutn Oe3ycnemnsl. [Tokazarens ObUT yBenu4eH 10 8 Mia,
YTO SABJISICTCS HEIOCTATOYHBIM I ONTHUMAJIBHOTO YPOBHS KadecTBa  (hUKCAIUU
MI0MOMPOBOYHOTO MaTepuana [3, 5].

Hexum npopbIlBOM B CTOMATOJIOTHU CTajlO TMOSIBJICHUE AAT€3UBHBIX CUCTEM TPETHETO
nokoJieHus: B KoHie 80-X TofoB mporuioro croynerus. Cuctema Oblia BYXKOMIIOHEHTHOMH,
YTO TMO3BOJWJIO YBEJIMUYUTH MOKAa3aTeNb CHEIUIeHUs 10 15 Mmna u 1oOUThCs 3HAYUTEIHHOTO
CHWKEHHUsI TOCTONEPAMOHHBIX Ooneit. Creayer OTMETUTh, UYTO JaHHBIE CHCTEMBI
obecrieunBaJId aJre3UI0 HE TOJBKO C TMOBEPXHOCTHIO 3y0a, HO WM K JIPYTrUM Marepuaiam
(metammmaM, kepamuke). CeromHsl aare3WBHBIC CHUCTEMBI TEPBBIX TPEX ITOKOJICHUN HE
WCITOJIB3YIOTCS, HO HEOOXOIUMO MOTYEPKHYTh, YTO IMEHHO C TPETHEro MOKOJICHHS HayajaoCh
CTaHJapTHOE TMPHMEHEHHE aJre3MBOB TMPU MPOBEICHUH pPECTaBpaIlMOHHBIX paboT B
CTOMATOJIOTMYECKOM MpakTuke [2].

AJIre3UBHBIE CUCTEMBI YETBEPTOTO MOKOJICHUS, KOTOPhIE W B HAIlle BPEMS SIBISIOTCS
«30JI0TBIM CTaHIApPTOM» B CTOMATOJOTHHM, NOSBWIMCH, B Hawaine 1990-x romos. Ux
MIPEUMYIIECTBOM SIBJISICTCS TIOBBIIICHHBINH TIOKA3aTellb aare3ud K JIEHTHHY, KOTOPBIH OBLT
yBeJIMUEH 710 25 Mia u 0BOJIbHO HU3KUI MapamMeTp MOCTONEePAIIMOHHON YyBCTBUTEIBHOCTH.
PeBONIOIMOHHBIM CUHMTANIOCh O0pa30BaHHWE TUOPUIHOTO CIOSl, KOTOPHIA TMOSBISIETCS B
pe3yiibTaTe B3auMOICUCTBUS a[re3uBa ¢ KOJJIareHOBOM MaTpuIlel JEHTHHA, UMEHHO HAJIMYne
3TOTO CJIOSA MO3BOJIMIIO MOBBICUTH MTOKA3aTelb MPOYHOCTH [1, 4, 6].

Ha cromaronorndyeckoM mpuemMe AaHHas aAre3uBHasi CUCTEMa HCIIOJIb3YETCS B TPHU
stana. [lepBeIM »TamoM sBAsieTCS MPOTpaBIMBaHHE TBEPABIX TKaHEW 3y0a € TOMOIIBIO
cnienuanbHoro rens (oprodocdopHas kuciora, 37%) WK KUAKOCTH (MalleMHOBAsI KUCIIOTA,
4%): smanb - 30 cekyHn, AeHTHH — 15 cexkyHa. Pe3yibTaThl JaHHOTO 3Tama Cleayrouiue:
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SMallb MPUOOPETaeT MHKPOIOpPHI, CMa3aHHBI CJIOH IOJHOCTBIO YIAIAETCs, MPOUCXOIUT
JNEMUHEPAIN3alsl MOBEPXHOCTHOIO JI€HTHMHA, YTO NPUBOAMT K PACKPBITHIO JIEHTUHHBIX
KaHAJIbLIEB, OOHAXXCHHIO KOJUIATCHOBBIX BOJIOKOH. Jlajmee MpOTPaBOYHBIA MaTepual
CMBIBAETCA BOJOW, M NOATOTOBJIEHHAS IMOJOCTh CJErKa MPOCYLIMBAETCA CTPYEM BO3ayXa.
CrnenyromuM 3TanoM JIETKUMU «CKpeOYLIMMMU» JBMKEHUSMHU aNIJIMKaTopa HAHOCUTCS
npaiimep u BblIepxkuBaercis 10 30 CeKyHI, C Leiabi0 00pa3oBaHUs THOPUAHOIO CIIOA.
3aBepIaoNIMM 3TAllOM SIBJISIETCS HAHECEHME a/re3uBa Ha TMOPUIHBINA CIIOH, pacnpesencHue
ero ctpy€it Bozayxa U (poTONoNIMMEpU3aLus C MOMOIIBIO JaMIibl [4].

JlanpHelilee pa3BUTHE MCTOPUM AAr€3UBHBIX CHUCTEM IIPUBEJIO K CO3JaHUIO
OJTHOKOMIIOHEHTHBIX ~aJIT€3UBHBIX CHUCTEM IIATOTO TIIOKOJICHHs, KOTOphle HE TpeOyroT
cmemuBanus. Ilo XMMHuYeCKOMy COCTaBy OHH MJIEHTHYHBI C CHUCTEMAaMH YETBEPTOrO
IIOKOJIEHUS, HO C MOMOILBIO HOBBIX CHCTEM CTaOWJIM3alMU CTAJO BO3MOKHBIM COBMEICHHE
npaiiMepa U aAre3uBa B €AMHBIA KOMIUIEKC, YTO YIPOLIAET UX KIMHUYECKOE IPUMEHEHHE [,
7].

IIpencraBurenn  cucreM  IIECTOTO  IMOKOJEHHUA  —  3TO  OJHOLIArOBBIC
CaMOIIPOTPABJIMBAIOIINE CUCTEMbI, KOTOpPBIE COCTOST U3 cMecH (OocPOopHBIX 3(PUPOB U
aJre3UBHBIX BEILECTB. BBIMycKalOTCsI B BUAE OJHOKOMIIOHEHTHBIX U JIBYXKOMIIOHEHTHBIX
COCTaBOB, CMELIMBAHHWE KOTOPBIX IMPOU3BOAUTCS MO TPEOOBAaHUIO, NPU 3TOM IOKA3aTellb
aaresuu paseH 18-23 Mmna [1].

CenpMoe IOKOJIEHUE IIPEACTABIECHO CaMOIIPOTPAaBIMBAIOIIMMHU CUCTEMAMM, KOTOPBIE
SIBJISIETCS O/HOIIATOBBIMU, COOTBETCTBEHHO YIPOIIEHHBIMHU B MCIOJIb30BaHUU. TaKkke CTOUT
OTMETUTh, YTO B MX COCTaBe MMeeTcs JeceHcurtanzep. OTIMYUTENBbHOM 4YepTON JaHHOTO
MOKOJICHUS SIBJISIETCSI TO, YTO 00paboOTKa AMasld U JIGHTUHA IPOBOJUTCS B OJIMH 3Tall, 4TO
IIPUBOJUT K HETIOJTHOMY OTKPBITHIO JEHTHHHBIX KaHaiblieB. CMa3aHHBIN CIOW pacTBOPSETCS,
U Gyaroziapsi BBICOKO IMAPO(UIbHBIM CBOWCTBAM IMOSIBIISETCS BO3MOKHOCTh TPOHUKHOBEHUS
a/re3uBa B KaHAJBIIBI U IEPUTYOYIISIPHBINA AEHTUH, 00pa3ys CTPYKTYpHBIE CBs3H [5, 6].

Takum o00pa3omM, Ha COBPEMEHHOM JTal€ pa3BUTHUA CTOMATOJOTUU AKTHBHO
UCIIONIB3YIOTCSL aAr€3UBHBIE CHCTEMBI MPAKTUYECKH BO BceX HampasieHusix. HaumbGonee
IIMPOKOE MPUMEHEHHE OHHU IMOJIy4YWIM B Tepaluu, Tak Kak JIeYeHHE TBEpAbIX TKaHeW 3y0a
HepelnIo Ha KaueCTBEHHO HOBBIM, Oojiee BBICOKMI ypOBEHb, Oyiarofapsi MOSIBICHHIO HOBBIX
TEXHOJIOTMH B JAHHOW 00JIACTH CTOMATOJIOTHH [7].

Taxum 06pa3om, 3HaHHE U COOIIO/ICHIE TEXHUKN PaOOTHI ¢ TOW MIIM MHOHM a/ire3MBHOMN
CUCTEMOH SBJIIETCS 3aJIOTOM YCHIEIIHOM M TpaMOTHON paldoThl Bpada-cromarosiora u
KayeCTBEHHO BBIMOJIHEHHON MaHUMYJISIIUU B CTOMATOJIOTMYE€CKON IPAKTHKE.
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Hexommepueckoe akyuoneproe obuecmso « Meouyurckuil yHugepcumem
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AHHOTAIUA

[Ipemenukanueir sBIsieTCS HEMOCPEACTBEHHAs MEAMKAMEHTO3HAas MOJATOTOBKA
MalieHTa K MPOBOJUMOMY  aHECTE3HOJIOTHYECKOMY  OOCCHEUEHHIO XUPYPTrHUYECKUX
BMemiaTenscTB. OHa mpecienyeT HECKOJIbKO BaXKHBIX 3a7ad. [Ipexknie Bcero, 3TO CHIKEHUE
YPOBHSI SMOIIMOHATIBHOIO CTpPECCa CO CHIKEHHUEM pPEaKIMM KaKk Ha BHENIHHE, TaK U Ha
BHYTPCHHUE  pa3paXuTelld, MOJJCpKaHWE HEHPOBETeTaTMBHOM  CTaOMIIBHOCTH €
YMEHBIIICHUEM CEKPELUHU >Kele3, CO3/laHue HEOOXOAMMBIX i OE30MacCHOCTH aHECTE3UU
yCIIOBUHM, NMpO(UIaKTUKAa BO3MOXHBIX a/NIEPTUYECKUX pEaKIUi Ha NpPUMEHEHUE BO BpeMs
MIPOBEJICHUS aHECTE3MOJIOTHIECKOT0 TOCOOHSI METMKAMEHTOB ¥ HH(DY3HMOHHBIX CpPe]l.

B cratee mnpoBeneH aHanmu3 3(PGEKTUBHOCTH MpPEMEIUKAMH Y OONBHBIX C
apTepuajJbHOM THUIIEPTEH3UEH, IOKa3aHa B3aMMOCBS3b IPOBOAUMOM MPEMEAUKALMU C
MOJTy4aeMO} MalMeHTaMu aHTUTUTIEPTEH3UBHON Teparnuei.

KiroueBble ci10Ba: npemMenuKaius, apTepuaibHasi TUIIEPTEH3Us, OCIIOKHEHUS 0011en
aHecTe3nH, OEH30IMA3EINHEI.

Abstract

Premedication is the preparation of the patient for the anesthetic support of surgical
interventions.

Premedication includes several important tasks. Primarily, is a decline of emotional
stress, reducing the reaction both on external and internal irritants, maintaining
neurovegetative stability with the reducing the secretion of glands, creating the necessary
conditions for the safety of anesthesia, prevention of possible allergic reactions to the use of
medicines and infusion solutions during the anesthetic treatment.

In the article analyzes the effectiveness of premedication in patients with arterial
hypertension, showed the correlation between premedication and antihypertensive therapy
received by patients.

Keywords: premedication, arterial hypertension, complications of general anesthesia,
benzodiazepines.

CormacHo MHUPOBOM CTAaTUCTHKE OJHUM M3 HauOolee pPacHpOCTPAHEHHBIX
HEMH(EKIMOHHBIX 3a00JIeBaHUM SBISETCS apTepualibHas runepreHsus. B cBoro odepens,
3a00JI€BaHUsl CEPJCYHO COCYAMCTOM CHUCTEMbI 3aHMMAlOT MEPBOE MECTO Cpelu HIPUYHMH
JeTalbHOCTH HaceneHus. YacToTa BBIABICHHMS AapTepUAIbHOW THUIEPTEH3UH HANpsIMYyIO
KOppenupyeT ¢ Bo3pacToM mnanueHtoB. ITo mganHeiM uccnepoBanuit BO3: aprepuanbHas
TUIEpTEH3Us Y JUI] B Bo3pacTHOU rpymnme 50—59 net Bctpeuaercs B 44 % ciayuaes, B rpyIie
60—69 net — B 54 %, a y nun crapme 70 et — B 65 % citydaes. 11 B cBA3M C yBEIMYEHUEM
CpelHel MPOJOJKUTENBHOCTH JKU3HM, YacTOTa BCTPEYAEMOCTH KaK caMoOW apTepHalbHOMN
TUIIEPTEH3MHU, KaK U €€ OCIOXKHEHUH ToJIbKO Bo3pacTaeT. CoryacHo paHHbIM u3 Hemernxoro
®enepanbHoro Cratuctuueckoro Ocguca: 3a nepuog ¢ 2009 mo 2014 roasl oTMeyaeTcss pocT
NIEpUONIEPALIMOHHON JIETAILHOCTH, B MEPBYIO OUEPE]b CBSI3aHHBIN C YBEIWYEHHEM CPEIHETO
BO3pacTa MalMeHTOB.

K >kM3HEeyTrpoXaromuM OCI0KHEHUSAM THIIEPTOHUYECKOIO KpU3a OTHOCATCS: HHPApPKT
MHOKap/ia, OCTpO€ HapyIllIEHHE MO3TOBOrO KPOBOOOpAIIECHUS, PA3BUTHE OCTPOH CEpIEHHO-
COCYIUCTOM HEIOCTATOYHOCTH, KapIUOTCHHBIM OTEK JieTKux. B cBoio ouepenb (hakTopsl,
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BJIMSIOIINE HAa YPOBEHb apTEPHAILHOTO J1aBJIeHUsS (HE3aBUCSIIME OT CAMOI0 BMEUIaTEIbCTBA
Y aHECTE3UOJIOTUIECKOTO MOCOOMS) HETOCPEICTBEHHO B JICHb ONEPATUBHOTO BMEIIATEIHCTRA,
CIEAYIOIINE: TICUXOAMOIMOHAIBHBIA CTPECC CBSA3AHHBIM KaK CO CTPAaXOM OCJIOXKHEHHI
ONEpaTUBHOTO BMEIIATENbCTBA, TAK U AHECTE3UU, B TOM UYHCJIE CTpaX MHTPAOIEPallMOHHOTO
npoOYKACHUS; BHICOKHI YPOBEHb JIMYHOCTHOM TPEBOKHOCTH MAIIMEHTA; MPOIMYCK B MPUEME
TUIMOTEH3UBHBIX MpPENapaToB; HapyLIEHHE peXUMa CHa, B YaCTHOCTH OECCOHHUIIA,
U3MEHEHHE BOJHOTO OajaHca HaKaHyHe IJIAHOBOTO OTEPAaTHBHOTO BMEIIATEIbCTBA.

B HOpMmanbHBIX YCIIOBUAX TpeBOra SBISETCA 3alllUTHOM peakUueld opraHu3Mma,
MO3BOJISIOIIEH YCKOPATH aanTaIiio K BHEITHUM yCIoBHsIM. OHAKO B yCIOBUSIX MOATOTOBKH
K OIEpaTUBHOMY BMEIIATEILCTBY BHICOKUN YPOBEHb TPEBOKHOCTH HAIPSIMYIO OTpaXkaeTcs Ha
COMAaTUYECKOM CTaTyce MalueHTa.

[TosToMy OHOW W3 TIABHBIX 3a7ad MPEeMEAMKAWUA Yy JTAHHOW KaTerOpHH OOJBHBIX
SIBJSIETCS. MPEAOTBpALLEHUE MPEAONEPALUOHHOTO ASMOIMOHAIIBHOIO CTpEcca, CHUYKEHUE
YPOBHS TPEBOKHOCTH M IOCTHKEHUE HEHPOBETETATUBHON CTaOMIIN3aIINH.

C 1enplo OLIGHKH YpPOBHSI ICHUXO3MOLMOHAJIBHOIO CTPECCa BO3MOXHO IPHUMEHEHHUE
omnpocunkoB Crmnoeprepa B mogudukanuu FO.JI. Xanuna, onpocauka STAI, B yacTHOCTH
kpatkyro Bepcuro STAI-6. OmpHako B aHECTE3HOJOTHYECKOH MPAKTHKE HCIIOJIb30BaHUE
JTAHHBIX OMPOCHHUKOB HE HAIIO MPUMEHEHUS BBUIY HEOOXOAMMOCTH OOJBIIMX BPEMEHHBIX
3aTpar rnepcoHaia.

[[Iupokoe nmpuMeHeHHe B IUIaHE MPEJONEPALHMOHHON MOATOTOBKH HAIILIW MPENapaThl
OCH30/IMA3ETIMHOBOTO PAA, KOTOPHIE YCTPAHSIIOT CHUMITOMBI TPEBOXXHOCTH, CTpax, ciaado
BBIPQXKCHHBIC JICTIPECCUBHBIE PACCTPOICTBA, HApyLIEHHUS CHA; O00JIaJal0T YMEPEHHbBIM
CEaTUBHBIM, THUIMHOTUYECKUM, aHKCHoIuTHUeckuM dddextom. JlaHHOe neicTBhe
00yCIIOBJICHO YrHETEHHWEM LIEHTPAJbHOM HEpPBHOM CHCTEMbl Ha BCEX €€ YpPOBHSX.
ben3zoauazenuHoBble peLenTopsl CBA3aHHBbI HemocpenctBeHHo ¢ ['AMK -peuenrtopamu.
Bo3zneiicTBue Ha penienTopsl O€H30AMa3eNHHA AKTUBUPYET MOCIEIHUE, YUTO B CBOIO OYepeb
MPUBOJTUT K PACKPBITUIO KaHAJIOB XJIOpa M MOCIEAYIOIIEeMy TOPMOKEHUIO HEHPOHOB Ha BCEX
ypoBusix [THC.

OpnHako HE CMOTPS Ha MOJOXKHUTEIbHBIE CBONCTBA OCH30JMA3EMTUHOB UX MPUMEHEHHUE
JOJKHO OBITh OMNpaBAaHO M MPOBOAUTHCS IO HaOJIOJEHWEM AaHEeCTe3HoJora BBUAY
BO3MOYKHOTO Pa3BUTHSI YTHETEHUS JbIXaHHUS.

3agauu: BBuay BBICOKOM YacTOTBI BCTPEYAEMOCTH TMAIMEHTOB CTPAJArOIINX
apTepUabHON THMNEPTEH3UEH Cpelar BCEX MAIMEHTOB XHPYPTUUECKOTo MPOUis, HEIbI0 H
3amadyeil Hamed paboThl sSBUIICS aHamu3 d()PEKTUBHOCTH MPUMEHEHUS MPEMEIUKAINH TPU
MIPOBEJICHUH TJIAHOBBIX XUPYPTUYECKUX BMEIIATEIbCTBAX Y JAHHON KaTErOpUH MallMEeHTOB.

Martepuanbl u metoabl: [IpoBeneH perpocnekTuBHbIN aHanu3 80 ncropuit GonezHen
NAI[MeHTOB PA3JMYHbIX XUPYPrUYECKUX OTAENEHU (cpeau KOTOphIX 65 >keHuuH, 15
myxunH). CpenHuil Bo3pacT oOcienyeMbIX MalueHTOB cocTaBmi 63,243.4 roga. Bumamu
OTEPATUBHBIX BMEHIATENBCTB SIBUIUCH: XOJCHHUCTIKTOMHUS (n=36), TpaHCypeTpajbHas
pe3ekuus TMpeAcTaTeIbHOW >Kene3bl (n=4), aMmyTanus MaTKd ¢ Opuaatkamu  (n=9),
HKCTPAKIMS KaTapaKThl ¢ HMMIUIAHTAllMEW HMCKYCCTBEHHOTO Xpycraiuka (n=29), yaaieHnue
OITyXOJIM TOJIOBHOTO MO3Ta (n=2).

[lo ganHbIM aMOyJIaTOPHBIX KApT OTMEUYEHO, YTO 74 MalueHTa JIMTEIbHOE BpeMs
COCTOSUIA HAa JIUCIIAHCEPHOM YuyeTe B TMOJUKIMHUKE M TPUHUMAIU TUIIOTECH3UBHBIC
mpenaparsl, ECTepO U3 HUX HMENM paHee He IUAarHOCTHPOBAHHYIO IO TOCTYIUICHUS B
CTaIlOHAp apTepUaIbHyI0 THIEPTEH3HUIO.

s onieHKH 3G (GEKTUBHOCTH MPEMEANKAIIMN BO BHUIMAHUE IPUHUMAIUCH CIIETYIOIINe
MOKa3aTeJIn: 3MOIMOHATIBHBIN ()OH TAIMEeHTOB, 4YacToTa cepaedyHbix cokparieHuit (HCC),
cucronnueckoe (CAJl) u nmacronmmueckoe (JAJl) aprepuanbHoe nAaBieHue. AHanu3
CTATUYECKUX JAHHBIX IIPOBOJUIICS C UCIOIb30BaHHEM Iakera mporpamMm MS Office Excel
2016. T'emogmHaMuyeckwe TOKazaTeld (UKCHPOBAIUCH TPU TIOMOIIM TMPUKPOBATHBIX
mouutopoB MINDRAY iMEC 8.
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AHECTE3HOJIOTOM TpHW HAa3HAYCHHH CXEMBl TpEeMETUKAlu 00s13aTeNIbHO OblLIa
OTMEYEHAa HEOOXOJUMOCTh TNpHEMa IMEPBUYHBIX T'HIIOTCH3MBHBIX IPENapaToB HaKaHyHE
MpeanoaaracMon onepamnuu.

Baxnpim  ycnoBueM 3(()EKTUBHOCTH TPEONEPAMOHHON aHTUTUNIEPTEH3UBHON
Tepanuu SIBJSUIOCh MEIUKAMEHTO3HOE YCTPaHEHHE HEraTMBHOTO 3MOIMOHAIBHOTO (haKTopa.
C naHHOM 1enbl0 HAa HOYb Mepei omepanueil ObUIM HCHOJIb30BaHBl TPAHKBHIM3ATOPHI
OCH30/IMa3eMMHOBOrO psia: Opysenam B no3e 10 mMr BHyTpuMmbIiedHo (n= 64), B no3e 20 mr
(n=3) 1 HO3emaM B BUJIE IEPOPATBHOrO IpremMa B 103upoBke 10 mMr (n= 6).

Ha cnenyrommuii nens, 3a 30 MUHYT 10 IOCTYIIJICHUS B ONEPAllMOHHBIN 010K OOJIbHBIM,
OpOIIEAIINX TMEepBBIH dTam mnpeMmenukanuu (n=73) ObUIa JOMOJHUTENBHO TOBTOPEHA
BHYTpPUMBIILIEYHas] UHbEKIUS Opy3enama B koiuuecTBe 10 mr. CeMb ManueHTOB OTKA3aIUCh
OT TPEUVIOKEHHOM MpeMeAMKallMk, MOTUBUPYS CBOE pELIEHUE YpaBHOBEIICHHBIM
IICUXO03MOLIMOHATIBHBIM (POHOM.

PesyabTaTel M ob0cyxneHue. [Ipyu mocTymiaeHuH B CTallMOHAp, MO CyObEKTUBHBIM
JaHHBIM, MalMeHTbl (N=73) HCHOBITHIBAIM IICHUXO3MOLMOHAIbHYIO JaOWIBHOCTE U
TPEBOKHOCTh B CBSI3U C NPEACTOSALIUM ONEPATUBHBIM BMEIIATEIbCTBOM. B 7 ciyuasx umen
MECTO CTaOMJIbHBIN U CLIOKOWHBIN IcHXocoMaTHUeCKUi (hoH.

B npuemHoM mokoe ObUIM  3apETUCTPUPOBAHBI  CIEAYIOLIME  [OKa3aTesn
remogunamuku: YCC 76,2 +4,1 B munyty, CAJl 139,4+3,1 mm prt.cT., JAl 85,2+£2,0 Mm
pr.cT. IIpu ocMoTpe anecre3nosiorom uepes 5,1 £ 1,3 yaca mocie MOCTYIUIEHUS OTMEYEHbI
caenytomue uzmenenus: YCC 89,4+6,2 B munyty, CAJl 148,3+3,8 m™m pr.cT., JAJl 93,243,7
MM PT.CT. YTO CBHUJIETEJILCTBOBAJIO O HAJMYUHU MIPEIONEPALMOHHOIO IMOLMOHAILHOTO CTpecca
Ha (OHE apTEepHATBLHOW TUIMEPTCH3WH. B 3TOT ke JeHb, Mepela MPOBEICHUEM ILUIAaHOBON
npeMeIuKalud, B BedepHee BpeMsi ObUIM 3aUKCHUpPOBAHBI CJEAYIOUIME IOKa3aTeau
nentpanbHoi remoguHamuku: YCC 92,2+3.8 B munyty, CAJl 149,9+4.4 mm pr.ct., JAJl
95,8+6.2 MM pT.CT.

VY mnmanuMeHToB, OTKa3aBIIUXCS OT MpeMeauKaluu (n=7) CYLIECTBEHHBIX CIBUTOB
IoKa3zaTelIe TeMOJUHAMHUKH OT MCXOAHBIX 3HadueHmi He HabOmomanock: UCC 85,2+4,1 B
munyty, CAJl 140.2+3,4 mm pt.cT., Al 89,2+2.2 MM pT.CT.

Ha cnenyromue cyTku, HENOCPEACTBEHHO 3a OJIMH Yac Mepesl HauajaoM OMEepaTUBHOIO
BMELIATENbCTBA, TP KOHTPOJIBHOM HM3MEPEHUHU MapaMEeTPOB FeMOJUHAMUKU Y 72 OOJIbHBIX
ObLTH TIONTy4eHbI caeayromue pe3yiabtatel: YCC B penenax 74.1+2,1 B MUHYTY, CALL
135,5*%4,2 mm pt.c1., JAJl 84,1+1,2 Mmm pr.CT.

VY naHHOW TpyMIbl OTMeYascs CIOKOWHBIN TMCHXOAIMOIMOHANBHBIN (DOH, a Takxke
COXpAHSUICSA HE3HAYUTENbHBIM ceqaTHBHBIA 3(G(EeKT OT HCMONb3yeMbIX HaKaHyHE
OensonuazenuHoB. [lanueHTel (n=7), KOTOpbIE OTKa3aJUCh OT MpPEMEIUKALUA U OJUH
oOcieyeMblil 1ociie MmepopaibHOro MpuéMa Ho3emaMa OTMeUYalld YyBCTBO OECIIOKOWCTBA U
CTpaxa Io MOBOAY mpezcTosuiei onepamuu. [lokazaTenyu reMoIMHAMUKN Y JTAHHBIX OOJBHBIX
OpsIMO KOpPPENUPOBaIN € UX CyObeKkTUBHbIMH olyiieHusMu: YCC 3apeructpupoBaHO B
3HaueHusix 108,2+1,2 B munyty, ypoBenb CAJl cocraBun 187,4+1,8 mm prt.ct,, A -
104,24+2,8 MM pT.CT.

Y  naHHOW TIpynmbl BO3HMKIA HEOOXOJUMOCTh OTKa3aThCsl OT  IUIAHOBOTO
OIIEpaTUBHOTO BMEIIATENIbCTBA BBUIY Pa3BUTHUSl KIMHMYECKON KapTUHBI TMIIEPTOHHMYECKOTO
kpu3za ltunma. HeomnoxHol Tepanueil B JaHHBIX CiIy4asX SBHUJIOCH KyIUpPOBaHUE
TUIEPTOHMYECKOTO KpHU3a, a TaKKe MPOBEIeHHE KOHCYIbTAIlMH KapIuOJIOTOM C MOAOOpOM
TUINOTEH3UBHOM Tepanuy 1 MOHUTOPUHTOM 3JIEKTPOKAPAUOTPAMMBI.

BbiBoabI:

1. lns ycTpaHeHHS TICHXOAMOIIMOHANIBHOTO CTpecca M  CTa0WIM3alHH
COMAaTOBETeTaTUBHOTO (poHA y OOJNBHBIX C apTEpUANBHOW THUIIEPTEH3UEH B
00513aTeIbHOM MOPSAKE TOJDKHA OBITh MPOBE/ICHA IJIAHOBAs IIPEMEINKALUS.

2. OnTuManbHOW  KOMOWHAIMEW TpemapaToB Ui JAHHOM  KaTeropuu
NAlMEHTOB  MOXET  SIBUTbCS ~ COYETAaHWE  TPAHKBWINM3ATOPOB U
OEH30/IMa3ETINHOB.
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3. Hcnonb30BaHne JaHHBIX MPEMApaToB B MPEMEINKAIINN TOCTOBEPHO CHUKAET
apTepuaJIbHOE J1aBJIeHUE Yy OOJBHBIX C apTepUaIbHOW THIEPTEH3UEH U
HO3BOJISIET CTAOMIIN3UPOBATh COMATOBET€TaTUBHBIN CTAaTyC.
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AHHOTAIHSA

Lenp uccnenoBanus: U3yyeHHe AUMHAMHUKH HUTOKUHOBOIO MPO(UIISL B CIIOHE y AeTel
¢ rurepTpodueii TMMGOKOIIBIIA TIIOTKH JI0 U mocie ageHoromuu (1 rpymma, 17 O0JbHBIX) U
a/ICHOTOH3WIIOTOMUU (2 rpynmna, 25 GOIbHBIX).

[Ipn cpaBHEHMM HCXOJHBIX PE3YyJbTATOB MEXIY TPYINIaMU BBISABIECHBI CIEIYIOIINE
3aKOHOMEPHOCTHU: cojiepkaHust [L-6 OblsI0 MOBBIIIEHO Y JIeTel 00enx TPYII MO CPAaBHEHUIO C
KOHTpOJIbHOW. B mocneomepanmwionHoM mnepuone coaepkanme IL-1f  mocToBepHO
YBEJIMYMIIOCH y JIeTeH Tocie aJeHOTOH3WIOTOMHH, a cojepxkanue IL-6 Bo3zpocio B obenx
rpynmnax.

KiroueBble cioBa: rumneptpodusi TIO0TOYHOM M HEOHBIX MUHAAIMH, aJ€HOTOMMA,
aJICHOTOH3WIJIOTOMHUS], IUTOKUHOBBINA TPODUIT.

Abstract

The aim of research: to examine the dynamics of cytokine profile in the saliva of the
children who have adenoid and tonsillar hypertrophy before and after adenoidectomy (1
group, 17 patients) and adenotonsillotomy (2 group, 25 patients).

The primary results between groups revealed the following patterns: the content of IL-
6 was increased in children of both groups. Only the content of IL-1p was increased
significantly in the postoperative period after adenotonsillotomy that the children had had, the
content of IL-6 was increased after adenoidectomy and adenotonsillotomy.

Keywords: adenoidectomy, adenotonsillotomy, cytokine profile.

I'uneprpodus muMdokosbIa IIOTKA — caMasi paclipoCTpaHEHHAs! ATOJIOTHsI BEPXHUX
JIBIXaTeNNbHBIX MyTeH y JeTel cpeau TpeOyIomuX XUpypruueckoro JeueHus 3adbonesanuii [1].
B 3aBucuMOCTH OT cTemeHH TUNEPTPO(GUU BBHIOOP XHPYpra MOXKET ObITh COCPEIOTOYEH Ha
a/ICHOTOMHHU WM a/ICHOTOH3WUIOTOMUH.

dakTopamMu, CHOCOOCTBYIOIIMMHU pa3BUTHIO TUNEPTPoduU JTUM(OKOJIbLA TJIOTKH,
SBIISIIOTCSI MECTHBIH W OOIMH WMMYHOIS(PUINT, PEUUAUBUPYIONIHE WH(OEKINOHHBIC
3a00JI€BaHNsl BEPXHUX JbIXaTENbHBIX IyTeH, 0COOEHHO, BbI3bIBAEMBbIE BHYTPUKIETOUYHBIMU
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BO30YIUTENSAMH, aNIepruyeckue 3aboseBaHUs, aCUMIIATUKOTOHUYECKUN THIT OpraHU3aluu
BEreTaTUBHON HEPBHOM CHCTEMBI, racTpod3odareanbHbiii pedtoke u apyrue [2].

Omneparuu Ha JUMQOKOIBLE TJIOTKH MOTYT OBITh CONPSDKEHBI C  Pa3sBUTHUEM
Pa3IUYHBIX OCJIOKHEHMH: PAaHHUX U IMO3JHUX KPOBOTEUEHWH, aCIHUPALMOHHOTO CHUHAPOMA,
OaKTepHaIbHBIX OCIIOKHEHH, TIOBPESKICHUN MPEANIO3BOHOYHON (pacimy U MIeHHOTo OTxeNna
no3BoHouyHMKa [3, 4, 5]. K cuyacTbio, 3TU OCJIOKHEHUS BCTPEYAIOTCSl PEAKO, B OTIUYHE OT
MOCJICONEPA[IOHHOTO  BOCMAJICHUs,, KOTOpoe B Oonbliell WJIM MEHBbUIEH cTerneHu
MPUCYTCTBYET y KaXKJ0ro pedeHKa [6], 4To 3HAYMTEIIPHO HapyIIaeT KaueCTBO XKU3HH [7, 8].

Llenp wuccnenoBaHuss — OLEHUTHh CTENEHb BBIPAXKEHHOCTH IOCIIEONEPALMOHHOTO
BOCHIAJICHUS Y JETEH, IEPEHECIINX aJCHOTOMMIO U aJIEHOTOH3UILIPKTOMMUIO.

Marepuan u MeTobl uccienoBanus. Ml Habmoganu 42 pebeHka B Bo3pacTe oT 4 10
9 ner mocie XUPYPrHUECKHUX BMEIIATENHCTB Ha JIMM(OKOIBIEC TIOTKUA. boibHBIE OBLIH
paszeneHbl Ha 2 TpYIIbl ¢ yYETOM XapakTepa BMemarenbcTBa: | rpymnma — 17 denoBek —
nocje ageHOTOMMH, 2 rpynna — 25 4eJoBeK — IOocie aJAeHOTOH3WIIOTOMUHU. KOHTpoIbHYIO
rpyniy coctaBwid 30 INpakTHYECKH 30pPOBBIX JETEH TOW K€ BO3PACTHOW TIPYIIIHL.
BrIpaskeHHOCTh peaKTUBHOI'O BOCIAJIEHHS B IIOTKE OLIEHUBAJIM IO TEMIIEPATYpHOU peakluu,
JaHHBIM (APUHTOCKONMU U M3MEHEHHSIM COJEpXaHHs MPOBOCHAIUTENbHBIX IIUTOKUHOB B
citoHe. 3a00p CIIOHBI MPOU3BOJAUIIN B CIIELUANbHbIE KOHTCIHEPhl HAKAaHYHE W Yepe3 CyTKU
nocnie onepanuu. Cojep:kaHue MPOBOCHANUTEIbHBIX UTOKKMHOB IL-13 u IL-6 ompenensiu
KOJIMYECTBEHHBIM METO/J0M MMMYHO()EPMEHTHOIO aHajiu3a ¢ MOMOIIbI0 HabopoB «BekTop
bect» (Poccust). Cratuctuueckas oOpaboTka pe3yJbTaTOB MPOBOJIMIACH C UCHOIB30BAHUEM
nporpamm STATISTICA 12.0.

PesynbTatel U ux obcyxneHue. B TeueHue mepBbIX CYyTOK MOCJE ONepanuu y aeren
HaOJIFO/IaJICs TObEM TEMITEpPATyphI B mpezenax 37,6°: B mepBoil rpyrie — y 4 u3 17 denosexk,
BO BTOpoil — y 11 u3 25 mamuenrtoB. [Ipu dapunrockonuu yepes CyTkd HOCJIE ONepanuu
pEaKTHBHbBIE U3MEHEHHS B ITIOTKE OBLIM 00Jiee BRIPAXKEHBI y JIeTeH 2 TPYIIIIHL.

PesynbraTel nccneoBaHUs JTUHAMUKY [IUTOKHMHOB B CIIIOHE OTPa)KeHbI B Tabumie 1 u

2.
Tabauya 1
Cooeporcanue IL-15 u IL-6 6 cirone y demeti 00 u nociie a0eHOmoMuu.
IL-1pB (mr/mm) IL-6 (rir/mim)
Mo onepanuu [Tocne onepanuu Mo onepanuu [Tocne onepanuu
M=m 115,7+ 75,8 125,2+ 85,4 25,3+ 23,1 36,2+ 42,1
Me 93,8 104 17 19,2
[10;90] [28,8; 250] [34; 250] [7,5; 47.8] [8,8; 127]
D 0,649 0,004
Tabauya 2
Cooeporcanue IL-15 u IL-6 6 cione y demetl 00 u nociie a0eHOmMOH3ULIOMOMUU.
IL-1f (nr/mn) IL-6 (rir/mim)
Mo onepauuun [Tocne onepanuu Ho onepauuu ITocne onepanuu
M=m 48,4+ 39,6 101,9+ 69,4 18,9+ 28.4 61,6 72,6
Me 32,2 74,9 10,7 23,9
[10;90] [17;104] [20,5; 200] [2,3; 32,8] [8,4; 199]
p 0,009 0,002
Ipumeuanue: M+m — cpeounssn eenuuuna co cmanoapmuou owuobkou; Me — meouana, [10,90]
10" u 90" npoyenmunv, p - 008epumenbHAS BEPOAMHOCMb, P OYEHUBANU HA

CMamucmuyeckyio 3Hauumocms no kpumepuio Wilcoxon; *p - no kpumepuio Mann-Whitney.
JKupnvim wpugpmom evioenenvl docmogepHule paziuyus ¢ gepoamuocmoio P< 0,05.

B KOHTpONBHOM TpyIIe copep)kaHue IMTOKMHOB B cllfoHe cocTaBisuio: IL-1f - 35+7,3
nr/mit, Me= 39, [10;90]-[21,3;41,9]; IL-6 8,9+7,2 mr/mn, Me= 6,7, [10;90] - [1,8;22,6].
Ucxonnpie 3Hauenus IL-13 y 6onapHBIX | M 2 rpynm HE MUMeENH JOCTOBEPHBIX OTIIMYUN OT
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nokasaresnei KOHTposbHOU rpynmsl (p>0,05), B To BpeMsi Kak UCXOAHBIA ypoBeHb IL-6 B 1 1 2
rpymmnax ObUI JOCTOBEPHO BbIIIIE, YeM B KoHTpoJe (p< 0,05).

[Ipu cpaBHEHMH MCXOJHBIX 3HAUEHUHN HCCIEIyeMbIX Toka3aTened 1 u 2 rpynn Mexay
co0o¥ BBISIBJICHBI cleayroniue paznudus. Vicxonueie 3Haduenus |1L-1f y GonpHBIX 1 rpymimb
OKa3aJICh IOCTOBEPHO BBIIIE, YeM Yy O0nbHBIX 2 rpynmsl (P<0,05). CraTucTudeckuii aHanmu3
UCXOAHBIX 3HAUYEHUN HCCIIeyeMbIX HUTOKHMHOB |L-6 He BBIABHII JOCTOBEPHBIX pPa3IUYUil
mexay 1 u 2 rpynnamu nanuentos (p>0,05).

[Ipu aHanm3e AMHAMUKYU YPOBHSI IIATOKMHOB B PAHHEM IOCJICONEPAIIIOHHOM IIEPHO/IC
OTMEUYEHBI CIIeAyIoUIe O0COOEHHOCTH: y JAeTed mocie ajgeHoToMuu (1 rpymma) BbIABICHO
JIOCTOBEpHOE yBenu4eHHe Toibko ypoBHsA IL-6 (p < 0.05), comepkanue IL-1B ocramock
NpaKTHYeCKH 0e3 M3MEHEeHWid. Y JAeTel Mociie aJeHOTOH3WLIIKTOMHH (2 TpyIa) mocie
omeparuu conepkanne nutokuHoB IL-13 u IL-6 mocroBepHO yBenuuuBanoch (p < 0,05), uro
XapaKTepu3yeT OOJBIIYIO CTETICHb TOBPEKICHHUS TKAHEH.

BriBoabl.

1. Conepxxanne IL-6 B cimroHe y nereld 00€ux MCCIETyEeMBbIX TPYIMI JOCTOBEPHO
HOBBIIIEHO [0 CPaBHEHHUIO C KOHTPOJBHOW TIPYMIOH, YTO MO3BOJISIET
OPEINONIOKUTh €ro y4acTHe IMPOIECCOB BOCHAJNEHHS B THUIEPTPOPHUH
TUM(OKOIBIA TTIOTKH.

2. B paHHEM IMOCIICOTIEPAIMOHHOM Tepuoie OTMEUYeHO yBenudeHue IL-6 y
JeTel, TepeHecHnX aJeHOTOMHIO, B TO BpeMs Kak y JeTeid Imocie
aJICHOTOH3WIJIOTOMUM Ha0JII0/1aJICcsl JOCTOBEPHBIN pocT coaepskanus IL-1p u
IL-6. Bonee BBIpKEHHAS IIUTOKUHOBAS peakuus nocie
a/ICHOTOH3WIJIOTOMUU OTpa)kaeT OOJbIINI 00BEM XHUPYPTrHUECKOH TpaBMBI
10 CPaBHEHHIO C aJICHOTOMUEH.
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AHHOTAIHSA
B cunmy yweOHOro cTpecca CTYIEHTBI, HCIBITBIBAS BBICOKOE YMCTBEHHOE U
MICUX03MOLIMOHAIBHOE HAIpPSDKEHUE, HEPENIKO CIPABJISIOTCS CO CTPECCOM, TMOCPEIACTBOM
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Ta0aKOKypEHHUs W YIOTPEOJEHUs aKOTroJisg, YTO CO3AAaeT BBICOKHH PHUCK (opMUpOBaHUS Y
HUX aJIMKTUBHOro moBeneHus. Llenp uccnenoBanus — pazpaboTka pPEKOMEHIAIMA o
OpenynpexaeHui0 (GOPMUPOBAHUS XUMHYECKHX aJJIUKIHUI Yy CTyAeHTOB. Marepuansl u
metonel. O6cinenoBano 241 crynent: 152 — memununckoro 46 (30,3%) myxckoro u 106
(69,7%) — xeHckoro mosa u 89 rOPUANUIECKOT0 UHCTUTYTOB: 34 (38%) roHomu u 55 (62%)
nesyiek. [Ipumensumch: «MeTouKa CKpUHUHT-IUArHOCTHKH aJITUKTUBHOTO U 3aBHCHMOTO
MOBE/ICHUA», TOCIHTaNbHas IKana TpeBoru u aenpeccun (HADS), mikana arpeccuBHOCTH
[TouebyT. B x01€ ncciaenoBanus NPUMEHIIMCH HETTAPAMETPUIECKHE CTATUCTHUECKUE METOIBI
00paboTku 0a3bl gaHHBIX. Pesynbrarel. Cpenn meaukoB varie (y>=4,3 p=0,04) BcTpevauch
XUMHUYECKHE QIIUKIHNHA, 4eM cpeau OopUcToB. OCHOBHBIMH (DaKTOpamMH pHCKA Pa3BUTHUS
aJIMKTUBHOTO TOBEJICHUS Y CTYIEHTOB IMOCIYXWJIA BBICOKUN YPOBEHb arpeccuu, TPEBOTH U
JeTIPECCHH, IECTPYKTHBHBIN XapaKkTep B3aMMOOTHOIICHUH B ceMbe, y4eOHBIH cTpecc.

KiloueBble cji0Ba: aJIUKTUBHOE IOBEJEHHE, 3aBUCHUMOCTb, CTYACHTBHI, MEIUKH,
IOPHCTHIL.

Abstract

Students usually have a strong emotional stress associated with their learning
activities. They often start drinking alcohol, smoking to cope with stress. Therefore, students
have a high risk of addictive behavior. A main purpose of our research is the development of
recommendations for prevention of addictive behavior. We examined 241 students from the
Medical Institute (46 men and 106 women) and 89 students of the Legal Institute (34 men and
55 women). We used the "Technique of Screening-Diagnostics of Addictive and Dependent
Behavior", the hospital scale of anxiety and depression (HADS), the aggressive scale by
Pochebut. We used nonparametric statistical methods for statistical processing of the results.
Chemical addictions are more common among medical students than legal students (y>=4.3
p=0.04). A high level of aggression, anxiety and depression, the destructive nature of the
relationship in the family, learning stress are the main risk factors for the development of
addictive behavior.

Keywords: addictive behavior, dependence, students, medical students, legal students.

AJUTMKTUBHOE TIOBEJICHHE, KaK OECCUCTEMHOE YIOTPEOJeHUE TICUXOAKTHUBHBIX
BEILIECTB WJIM MPUCTPACTUE K OINPEACIICHHBIM MIPEIMETaM UM JAEUCTBUSAM 10 (OPMUPOBAHUS
1 craguu 3aBucuMocTH [1,2], B mocieaane oIkl 00HApyKUBaeT TCHACHITNIO K pocTy. Cpean
JUI TOAPOCTKOBOTO U IOHOIIECKOTO BO3pacTa pPETUCTPUPYETCS BBICOKHM yPOBEHb
AJKOTOJILHOM 3aBUCUMOCTH [3], TabakokypeHus [4] U T.H. «HEXMMHYECKUX» 3aBUCUMOCTEH
[5]. OmHoli w3 mpuumH ynoTpeOIeHUs TICUXOAKTUBHBIX BEILICCTB SBJSCTCS CTPEMIICHHE
CIpaBUThCSI CcO cTpeccoM [6], B ToM wumcine u yueOHbiM. Cpenu  (akTopos,
MpeApacroiaraloiiuX K  Pa3BUTHIO  AJJIMKTUBHOTO  TOBEACHHS, HaumOOJee  YacThl
HEJIOBOJILCTBO COOOM, COIMalibHAasi H30JUPOBAHHOCTh, TPYAHOCTH B  YCTAaHOBJICHUH
MEXIJIMYHOCTHBIX KOHTaKTOB, YYBCTBO OTYYXJIEHHOCTH OT CEMbH M OKpPYXKaroIIHX,
3aHIKEHHAs CaMOOIICHKA, OJWHOYECTBO M TOBBIINIEHHAs TPEBOXKHOCTH [7], a Takke
JECTPYKTUBHBIE B3aUMOOTHOILIEHUS B ceMbe [8]. OmnpeneneHHOE BIHUSHUE HMEET U
HarpaBJjeHue 00pa30BaHUs — [0 JAHHBIM HEKOTOPBIX aBTOPOB [9], CTYI€HTHI HEMEIUIIMHCKUX
y4eOHBIX 3aBEJICHUN OKa3aIiCh 00Jee TOIBEPKEHHBIMHU a/JITMKTUBHBIM (DopMaM TOBEICHUS,
YeM CTYJICHTBI-MEINKN, HE3aBUCUMO OT Te€HACPHON TPUHAIIICKHOCTH.

Marepuanbl u MeToabl. B uccnenoBanuu npuHsum ydactue 241 4enoBek U3 4yucia
CTYJIEHTOB cTapmux KypcoB Meaunuackoro u Opuanueckoro uactutyroB HUY «benl'Vy»:
152 crynenTa Menuka B Bozpacte oT 20 mo 26 (21,8+1,0) net — 46 (30,3%) Au1 My’CKOro u
xeHckoro — 106 (69,7%) momna. Cpenu obcnenoBanHbiXx 89 cryaeHToB HOpuamdeckoro
uHcTUTyTa 6610 34 (38%) ToHOWIEH U 55 (62%) neByuiek B Bo3pacte ot 20 no 24 (21,3+0,7)
JIeT.
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OCHOBHBIMH METOJAMU UCCIIENOBAHNS ObLIH:

1.

W

Meronuka «KnuHWYecKass CKPUHUHT-TUATHOCTHKA  JJUKTUBHOTO U
3aBUCHMOTO moBeneHus» [10; 11]. VYkazanHas MeToauKa IO3BOJISIET
00HapykuTh 16 BUAOB aJAMKIKNA U 3aBUCUMOCTEN. B TaHHOM HccienoBaHuu
OHa TpUMEHsIach s OOHAapy)XeHHUS  alKOroJbHOM, TabauyHOM U
HApPKOTUYECKON. BBISBISINCH CTYICHTHI C MPEANOI0KUTEIbHBIM JHATHO30M
aJIMKTUBHOTO  TOBENEHUs, WiIKM  CHOPMUPOBAHHON  3aBUCHMOCTH.
Knuandecknit  nuarHo3 BepuUUIIUPOBAICS TMPU TOMOIIHM  KIUHUKO-
MICUXONATOJIOTHYECKOr0 MeToJa uccieqoBaHus (cOOp CyOBEKTUBHOTO
aHaMHe3a, KIIMHUYECKOe HHTEPBBIO, HAOIIOICHHE).

['ocniuranbHas 1mkaaa TpeBoru u aenpeccur HADS [12];

[kana arpeccuBHocTH [louedyT [13];

Craructuueckuii (onucareibHas CTATUCTHUKA, KPUTEPHMA Xz C TMOIpaBKOH
Merca s TabGaui| CONpSIKEHHOCTH 2X2, Kputepuii ManHa-YHTHH Ui
CpaBHEHHUS JIBYX HE3aBHUCHUMBIX TPYIII).

CpaBHUTENbHBIM aHAIU3 MPOBOAWICS CPEAM CTYAECHTOB (MEIUKOB M IOPUCTOB) C
aJIMKTUBHBIM TIOBEJIEHUEM U CPOPMHUPOBAHHON 3aBUCUMOCTBIO.

Pe3yabTaTthl U HMX oO0cyxaeHue. Cpenu oOiieil COBOKYMHOCTH 00Ci€IOBaHHBIX
CTYJICHTOB-MEJIMKOB YHCIIO YIOTPEOIISIFOIINX AJIKOTOJIbHBIE HAMUTKU cocTaBmwiio 106 (69,7%),
a cpenu ropuctoB — 70 (78,7%) uenoBek. ['eHIepHBIX pa3inyuii MO JaHHOMY IPU3HAKY

HOJIY4YEeHO He

Obu10. Yactora ymnoTrpeOieHus ankorosis (OT 4YHCla YHOTPEOSIFOIINX)

CTyACHTAMHU OTpaXCHA Ha AuarpaMme 1.

Jluaepavmma 1

Yacmoma ynompebaenus aiko2oasa cmyo0eHmamy MeouKamu u iopucmamu

70 O Meaguku
60 56,6 B KOpucTbi
50
40 34,9
0,
s 28,6
30
20
10 6,6/ 7,1
T e
0 . . ——
Mo npazgHukam o 1-2 pasaB 0o 1pa3aB Ho 2-3 pazB
mecsy, Hegento Hegento

Kak Bugno u3 guarpammsl 1, GompmmHcTBO MeaukoB (91,5%) u topuctoB (88,6%)
YIOTPEOISUTH aJIKOTOJIFHBIE HATUTKH peke 1 paza B Hemenmto (1Mo mpa3aHuKaM U 1-2 pasza B

MecsII).

CpaBHEHHE aJKOTOJBHBIX MPEANOYTEHUH MEIUKOB M IOPUCTOB MPEACTABICHO Ha

auarpamme 2.
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Juacpamma 2
Buowl anko2onbHblX HANUMKO8, Yynompediaemvlx CmyO0eHmamu MeOuKamu u opucmamu
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KokTennm MuBo Cyxoe BnHO KpenneHoe Bogka, PasHble
BVHO KOHbSIK, BUObI
BUCKMN

IOpuctbl wamie, yeM MeAWKd OTAaBaidu mpeamnouytreHue muBy (¥*=6,4 p=0,01) wu
QJIKOTOJIBHBIM KOKTeWnsaM — (}*=6,5 p=0,01), B TO Bpems, Kak MEAUKU TOpa3io Yalle
yHOOTPeOIST pa3Hple aNKoToibHbIe HamuTku (y*=16,4 p=0,0006). Takum oOpazom, mjs
CTYJICHTOB IOPUAMYECKOTO mpodwis Oblla OOJbIIe XapakTepHa HW30UPATeTbHOCTh U
YCTOWYMBOCTh B BBIOOpE AJKOTOJII B OTJIMYHE OT MEAMKOB, KOTOPBIE XapaKTEepH30BAIUCh
HECTOMKOCTBIO MPEANOUYTeHU U 00Jiee MIUPOKUM CIIEKTPOM YIOTPEOIsIEeMON alKOTOIHHOM
MPOIYKIIHH.

AJIMKTUBHOE MOBEACHUE, CBA3AHHOE C YIOTPEOJIEHHMEM aJIKOrojis, BBIABIECHO B 3
(3,4%) cnyuasx cpeau crynenToB FOpunnyeckoro unetutyta: 1 (2,9%) cpenu Jauil My,CcKoro
u 2 (3,6%) — xenckoro nosna. Cpeau MEIUKOB aJIKOTOJbHAs aJJuKIIMs BcTpedanach B 18
(11,8%) cnywasx: y 7 (15,2%) tomomeit m 11 (10,4%) neBymek. Takum oOpazom,
AJIKOTOJIbHAS aJIMKIIUS Yalie oOHApYKUBAJIACh Y MEJTUKOB, YeM Yy 1opuctoB (y*=4,1 p=0,04).

AJKOTOJIbHAS 3aBUCUMOCTh | KIMHUYECKOW CTaJuU OJMHAKOBO YAaCTO BCTpPEYaNach y
MeAUKOB U topuctoB. Cpeau MeIMKOB aJIKOrOJbHAs 3aBUCHUMOCTh ycTaHOBIeHa B 3 (2%)
cinyvasx: 2 (4,3%) cpenu ronomeit u 1 (0,9%) cpenu neBymiek. Y 10pUCTOB 3aBUCUMOCTh OT
ankorouis Obuta BeisiBiieHa B 2 (2,2%) cinydasx: y 1 (2,9%) ronomm n'y 1 (1,8%) neBymiku.

PacripocTpaHeHHOCTh Ta0AKOKYpPeHUsl y CTYJEHTOB 00erX rpymnm Oblia Cleqyomei:
45 (29,6%) uenoBek cpeau meaukoB u 21 (23,6%) cpenu opuctoB. Eciau cpenu cTyieHTOB
FOpuanueckoro wunctutyta neymku — 10 (18,1%) u romomm — 11 (32,4%) xypunu
OJIMHAKOBO YaCTO, TO CPEIU MEIUKOB TaOAKOKYPEHHE 3HAYUTEIBHO Yallle BCTPEUAIOCh CPEIn
I Myxckoro nona: 21 (45,6%) u 24 (22,6%) cootBetctBenHo (x*=7,1 p=0,009).

[To yacToTe TabaKOKypeHUs: MEAUKH U FOPUCTHI 3HAYUTEIBHO HE Pa3INYaInCh MEXIY
coboit. Pa3 B xu3Hu mpoOosanmu kyputb 7 (15,5%) cpenn menukoB u 3 (14,2%) cpeau
fopuctoB. [Ipu ymorpebnennn crnmptHOro 3akypuBanmu 16 (35,6%) memukoB u 6 (28,6%)
IOPUCTOB, MEPUOIUYECKH (HEe Kaxablil aAeHb) Kypuin 9 (20%) yenoBek cpeau MEIUKOB U 5
(23,8%) — cpemu IOPUCTOB, U €XKEITHEBHO Kyprin Tadak 13 (28,9%) cTyaeHTOB-MEIUKOB U 7
(33,4%) ropucros.
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AJIMKTUBHOE TOBEJCHHE, CBSI3aHHOE C Ta0AKOKYPEHHEM, Y MEAMKOB BCTPEYAIOCh B
10 (6,6%) cayuasx: 6 (13%) cpeau ronomeit u 4 (3,8%) cpeau neBymiek. Y CTyACHTOB
FOpuanueckoro mHcTUTyTa TabayHasi anaukuus Oblia BhiABIeHA B 4 (4,5%) ciywasx: 2
(5,9%) cpenu nuir mysxckoro u 2 (3,6%) — ®KEHCKOTO TMoJIa.

TaGaynas 3aBucumocTh ycraHoBieHa y 6 (3,9%) crynenroB-meaunkoB (4 (8,7%)
toHom u 2 (1,9%) neBymkn) 'y 4 (4,5%) ropuctos (2 (5,9%) ronommu u 2 (3,6%) neByIIKH).

YcTaHOBIIEHO coYeTaHUE 3TI0YNOTPEOICHUS aJIKOTOJIeM M TaOaKOKYypEeHHUsl Y MEJIMKOB
U opuctoB. Tak coderaHue ajaKOroJILHON W TabadyHOU ajmuknwii Bctpeyanock B 2 (11,1%)
ciydyaeB cpenu MenukoB U B 1 (33,3%) ciywae cpeau IOPUCTOB. Y MEIUKOB TaKKe
O00HApPY)KEHO COYCTAHHE AJKOTOJILHOW aIUKIUK U TabauHoi 3aBucumoctu — 2 (11,1%)
ciydasi. Y ctyaeHToB-topuctoB B 1 (50%) ciydae uMeno MECTo codeTaHue 3aBUCUMOCTEN OT
aJIKOTOJIs U Tabaka.

Cpenu cTyneHTOB-MEIUKOB IpoOoBanu HApKOTHKH 15 (9,9%) uenosek: 9 (19,6%)
foHomIel u 6 (5,7%) meBymiek (¥*=5,5 p=0,02). Cpenu 10prCTOB HAPKOTHKHU MpoOoBain 32
(36%) uenoseka: 20 (58,8%) ronomeit u 12 (21,8%) neBymek. Takum o0pa3oM, HOPUCTBHI
npoOOBalIM HAPKOTHKH 4Yaie MenukoB (y>=22,7 p=0,0005), kak ronomu (y*=11,4 p=0,002),
tak ¥ aeByumku (}¥*=8 p=0,006). Menuku npoboBanu ciaeAyrolue BUIbl HAPKOTUKOB: 7,2% —
kaHHabuouwl, 1,3% — nexapcTBeHHbIE Mpenaparsl (HUKIO0I, peanuyM), 0,7% — sxcrazu u
eme 0,7% — Bapixanu mapsl kiess «MomeHT-1». Cpean HapKOTHYECKUX BELIECTB, KOTOPHIE
poOOBaIK IOPUCTHI, ObLIH: KaHHAOHOUIBI (29,2%), skctasu (3,4%), mapsl kiest «MoMeHT- 1»
(2,2%), ommouaws! (1,1%). Takum oOpazom, IOPUCTHI Hallle MEAUKOB MPOOOBAIN KAHHAOUOU/TBI
(x*=13,5 p=0,0009).

AJJIUKTUBHOTO TIOBEJIEHHUS, CBSI3aHHOIO C yNOTpeOJeHHMeM HapKOTUKOB, U
HApPKOTUYECKOW 3aBHCUMOCTH OOHApy»XeHO HE OBUIO KaK CpeAr MEAHMKOB, TaK U CPEIu
IOPUCTOB.

VYcraHoBineHO, YTO Cpeau MEIUKOB Mpoda HAPKOTHUKOB BcTpedanachk B 4 (22,2%)
ClIy4asiX CpeAM JIMIl ¢ alkorojpbHoW ammukuuedt u B 1 (33,3%) ciayuae — ¢ ajaKOroJbHOMN
3aBucUMOCThI0. Cpean topuctoB B 1 (33,3%) cimyyae BCTpeyanoch COYETaHUE AJIKOTOJILHOM
aJJIUKIMK U TPOOBI HAPKOTUYECKUX BEIIECTB.

Taxkum oOpazoM, cpean MEIUKOB XMMHUUYECKHE aJAUKIUU BeTpeuanuch y 37 (24,3%)
4esoBek, a cpean opuctoB —y 11 (12,4%) yenosek (y*=4,3 p=0,04).

Crynentel-menuku (78,4%) vame ropuctoB (36,4%) npokuBaiu B MOJHBIX CEMbSIX C
poauabIMU pomuTersiMu (x>=5,1 p=0,02), 9To 0cOOEHHO OBLIO XapaKTEPHO IS JIUIL )KEHCKOTO
nona: 77,3% u 20% cootBerctBeHHO (¥*=3,7 p=0,05). Cpenu MeIMKOB YHCIO TOpOXKaH
npeobnagano Hax cenbckumu xurersmu: 70,3% u 29,7% cootBerctBenHo (}*=10,6 p=0,002),
Cpelu IOPUCTOB — JKMUTENEH ropoaa M ceia ObUIO cxokee KoiuuecTBo: 63,6% u 36,4%
YeJIOBeK.

Menuku Obutn Oosiee oTkpoBeHHBI (¥*=10,9 p=0,002) c mareprio (89,2%), yem c
otuoM (51,4%), xak ronomu: 93,3% u 46,7% (y*=5,7 p=0,02), tak u neBymku: 86,4% u
54,5% (x*=3,9 p=0,04). B ornuune OT MEAWKOB, IOPHCTHI OJWHAKOBO IOBEPSIU 000MM
poautensam: 72,7% — matepu u 63,6% — oTity. Meauku daie 10BepsId CBOU TalHBI MaTePH,
Hexenu otuy: 27% u 2,7% coorBerctBeHHO (}*=6,8 p=0,01). IIpu 310 cpeau nuil )KEHCKOTO
noJia AeBYIMKHU-IOpUCTHI (80%) menumuck cexkperamu ¢ mMarepsmu vame (x*=3,7 p=0,05), vem
CTYJEHTKU-Meauku — 22,7%.

3noynoTpebiieHne ajKorojeM pOJIUTENSIMH OJMHAKOBO YacTO BCTPEYajoCh Cpenu
MeAuKOB U topuctoB: 43,2% u 36,4%. B cembsax meaukoB otubl (37,8%) uamie marepeit
(5,4%) ynorpebmsuin ankoroibHble HamUTKU (}*=9,6 p=0,003), B 0COOEHHOCTH B CEMBSIX
nesyuiek: 40,9% u 9,1% cootBerctBeHHo (}*=4,4 p=0,04).

TabGakokypeHue cpenu poauTenei BcTpeyanoch B 64,9% ciayyasx y MEAUKOB U B
90,9% y 1opUCTOB. YCTaHOBIIEHO, UTO KaK B ceMbsax MeaukoB (40,5% u 2,7%), Tak u cpeau
1opuctoB (36,4% u 0%) xypunu vame oTibl, yem matepu: (}*=13,5 p=0,0009) u (y*=4,1
p=0,04) cooTBETCTBEHHO.
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Menuku U FOPUCTHI OIMHAKOBO YacTO 3aHUMAIIUCHh criopToM: 48,6% u 45,5%. Cpeaun
MEINKOB CHOpPTUBHBIE cekiuu yvame (y*>=4,6 p=0,03) mocemanu roHomm (73,3%), uem
neByiku — 31,8%. Cpenn 10puCTOB F€HAEPHBIX Pa3INYMi MOJy4EHO HE OBLIO.

Hannume 6:m3koro napyra oJuHaAKOBO OTMEYAIM KaK MEIAUKHU, TaK U IOpUCTHL: 94,6% u
90,9% cootBeTcTBeHHO. OAHAKO, CpeAM JIMIl KEHCKOTO TO0Jia MEIUKH PEXE BHUACINUCH C
JIPY3bsIMH B CBOOOTHOE BpeMsi, ueM 1opucThI (1>=8 p=0,000).

CryneHTbI-MeuKH ObuH 0o0Jiee YBEpPEHBI B MPABHILHOCTH BBIOOpaA Mpodeccuu, ueM
topucTbl: 78,4% u 36,4% cootrBercTBeHHO (¥*=5,1 p=0,02). FOpuctser (45,5%) gaimie MeauKoB
(8,1%) mpomyckanu 3aHATUS 0€3 yBaxuTenabHOM npuumHbl (y>=6 p=0,01), B ocobeHHOCTH
auna myskckoro nona: 60% u 4,5% coorBerctBeHHO (}*>=6 p=0,01). Cpenu Tex CTyIAEHTOB,
KTO BCelleslo OTaaercs yuebe okaszanoch 37,8% MeIMKOB W HHUKOTO M3 IOpUCTOB (y*=4,2
p=0,04). PazouapoBannbix B Oyaymieit npodeccun Obu10 O0bIINE CPEeId FOPUCTOB, YEM CPEIH
MenukoB: 72,7% u 29,7% cootBercTBeHHO (}*=4,9 p=0,03).

Menuku ¥ IOPUCTHI 3HAYUTEIHHO HE OTIMYAINCH MO OOIIEMYy YPOBHIO arpecCcuu H
OTIIENbHBIX €€ BHIOB. CTYIEHTBI-IOPUCTBI, C XUMUYECCKHUMH aIIUKIUIMUA U 0€3 HHX,
XapaKTePU30BAIKMCH MPUMEPHO OJMHAKOBBIM YPOBHEM arpeccuu. Paznuuus ObUTH MOTYYCHBI
TONbKO T0 mmKane camoarpeccuu (p=0,04), ypoBeHb KOTOPOW OBLT BBIIIE CPEAM HUMEIOUINX
XUMHUYECKHE aJITUKIIMU U 3aBUCHUMOCTH. | €HAEpHBIX pa3inyuili MO0 YPOBHIO arpeccuul Cpeau
IOPUCTOB TMONy4eHO He Obuio. Cpeau CTYJIEHTOB-MEIUKOB BBISBJICHBI 3HAUUTEIbHBIC
pa3iuuvs 1O YPOBHIO arpeccud MexXIy JUIAMU C XUMUYECKUMH aJUKIUSIMU U
3aBUCUMOCTSIMU U 0e3 Hux (Tabmuna 1).

Tabnuya 1
Yposenv acpeccusnocmu cmyoenmog-meouxos
C XHMHYECKHMH aJIUKIHUAMHA 1 be3 agnuknnia
3aBpucuMocTsiMu (37) u 3aBucumocrei (115)
TMapamerp Bcero Myx Ken Bcero Myx Ken
M c M o M G M G M c M c
Bepbanpaas 4,1 2,0 45 2,1 3,9 2,0 3,0 2,0 3,5 1,9 2,8 2,0
dusnyeckas 3,0 1,7 4,2 0,8 2,2 1,7 2,6 1,7 3,7 1,6 2,2 15
[TpeaqmerHas 3,6 15 3,3 1,6 3,9 1,3 3,0 1,6 2,4 1,3 3,2 1,6
Camoar-us 3,1 15 3,1 1,7 3,0 14 4,0 2,0 3,7 1,9 4,1 2,0
DMOIHOH-ast 4.4 2,0 3,9 1,8 47 2,0 2,4 15 2,4 14 2,5 1,6
O6mas 182 | 54 190 | 53 | 17,7 55 151 | 56 | 157 | 44 | 149 | 59

Kak BugHO 13 Tabnuier 1, oOmii ypoBeHb arpeccuu M OTJENBHBIX €€ COCTaBISIONINX
3HAYUTEIIBHO Pa3IUYalICs MEXKIY CTYICHTAMH-MEIUKAMU, Y KOTOPBIX OBLIM BBISBICHBI
XUMUYECKHE BUIBI AUTUKIMK M 3aBUCUMOCTeH, u 0e3 Hux. Tak, BepOambHas (p=0,004),
npenmetHas (p=0,03), smommonaneras (p=0,01) u o6mmii ypoBens arpeccuu (p=0,003) Ob11H
BbIIlIE CpeAW CTYIEHTOB C aJIMKTHUBHBIM TOBEJECHHEM U 3aBUCHUMOCTAMU. Cpenu Iuil
MY>KCKOT'O IoJia oOuuii ypoBeHb arpeccun Obu1 Bbille (p=0,03) y roHOLIEH ¢ XUMUYECKUMU
QIIUKIUSIMH U 3aBUCHUMOCTAMU. Cpenu JHI[ >KEHCKOTO Tojia COOTBETCTBYIOIIAs pa3HHUIlA
noJTydeHa 1o ypoBHIo BepbansHoii (p=0,04) u obmeit arpeccun (p=0,04).

Cpenu CTyIEHTOB-MEIUKOB ¢ XUMUYECKUMU aAUKIIUSIMU U 3aBUCUMOCTSIMH YPOBEHb
¢u3ugeckoii arpeccun 6611 BhIe y roHoMIEH (p=0,0009).

YpoBeHb TPEBOTH U JEMPECCUU CPEU MEIUKOB U IOPUCTOB MPEICTaBICH B Tabnuie 2.

Tabnuya 2
Yposenv mpesozu u denpeccuu y cmyoeHmos MeOuKkos u pucmos
Meauku HOpuctsI
ITapamerp Bcero Myx Ken Bcero Myx Ken
n | % n | % n | % n | % n | % n | %

Tpesora

CyOKnuH. 7 18,9 3 20,0 18,2 1 91 1 16,7 -

S

Kmua. | 11 | 29,7 3 20,0 8 364 | 4 | 364 2 33,3 2 | 40,0
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Henpeccust
CyOKiuH. 2 54 2 13,3 - - 2 18,2 2 33,3 - -
Kiun. 1 2,7 - - 1 4,5 1 9,1 - - 1 20,0

Kak BugHO M3 Tabnuipl 2, YpOBEHb TPEBOTU U JEHPECCHU HE OTIUYANCS Cpeau
MEINKOB U IOpUCTOB. ['eHIepHBIX pa3auuuil TaKkkKe MOoTydeHO He ObLIO.

3akimoyenune. Takum 00pa3oM, HCCIIEOBaHUE TII0Ka3aj0, YTO AaJKOTOJbHAs
3aBHUCUMOCTh | KJIIMHUYECKOM cTaauu BcTpevasiach B 3 (2%) ciyyasx cpeid MEIUKOB U B 2
(2,2%) cimydasx cpeny HOPUCTOB. AJJIMKTUBHOE IOBEJIEHHUE, CBSI3AHHOE C YIOTPEOJIECHUEM
ankoroisi, BeisiBIeHO B 3 (3,4%) ciyuasix cpeau topuctoB u B 18 (11,8%) ciywasx cpenu
meankoB (y*=4,1 p=0,04). TabGaunas 3aBUCUMOCTH ycraHoBieHa y 6 (3,9%) cTyaeHTOB-
MeaukoB Uy 4 (4,5%) 1opuctoB. AJJIMKTUBHOE MOBEJCHHE, CBS3aHHOE C TaOaKOKypeHUEM, y
MeIuKOB BcTpedanock B 10 (6,6%) ciywasix, a y topuctoB — B 4 (4,5%). AIJIUKTUBHOTO
MOBEJICHUS, CBSI3aHHOTO C YHNOTPEOJIEHUEM HAPKOTHKOB, M HAPKOTUYECKON 3aBHCHUMOCTH
CpeIy MEIMKOB U IOPUCTOB OOHAPYKEHO HE OBLIO.

YcTaHoBIeHBI ciieqyomuye GakTopbl pUcka pa3BUTHS aITUKTUBHOTO roBeAeHus. Jlis
CTYJICHTOB-MEJIUKOB TAKOBBIMU SIBJISUTHUCH JECTPYKTUBHBIA XapaKTep B3aWMMOOTHOIICHUN B
CEMbE, OTCYTCTBHE MOJICPKKH M JIOBEPHs] MEXKIY OTLIOM M peOCHKOM, BBICOKUN YpOBEHBb
arpeccuu, rOpoACKHE yCJIOBUS MPOKUBAHMA. J{JIs1 FOPHUCTOB MpenpacioiaraloniM hakTopoM
MOCIY’KUJI0O BOCIUTaHHME B HemoilHOW cembe. OOmmMMH ¢dakTopaMu pUCKa ObLIU
370ynOTpeOJIeHHe alKorojieM M Ta0aKOKypEeHHE Cpeau pOoJAWTeNeil, BBICOKHN YpPOBEHb
TPEBOTM U JETMPECCUH, a TaKxke pa3ouyapoBaHue B Oyaymieil mpodeccuu (0coOEHHO st
IOPUCTOB).
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AHHOTALUSA

B nanHO# cTaThe NpeACTaBIIEHBI ISATh OCHOBHBIX TPYIMI TEPMUHOB CTOMATOJIOTHU.
PaccMoTpensl  HekoTOpble  MPOQECCHOHANIbHBIE CTOMATOJIOTMYECKHE TEPMHHBI, HX
CTPYKTYpHBIE OCOOCHHOCTH, TMPOIECCHl TEPMUHOOOpA3OBaHMs. AHAIW3 W PE3yJIbTaThl
UCCJIETIOBaHMsI TEPMUHOB MOTYT OBITh HCIIOJIb30BAHBI B HAYYHOW MpaKTUKE OyayIIero Bpayda-
CTOMATOJIOTa U U3yYE€HUHU KIMHUYECKUX JTUCLHUIUIMH.

KiaroueBble  ciaoBa:  mpodeccHOHANbHBIE ~ CTOMATOJOTUYECKHUE  TEPMUHBI,
TEPMHUHOJIOIMYECKAsl CUCTEMa, MHOTOCJIOBHBIE M OIHOCJIIOBHbIE TEPMUHBI.

Abstract

This article presents five main groups of terms in dentistry. Some professional dental
terms, their structural features, and processes of term formation are considered. The analysis
and results of the study of terms can be used in the practice of a future dentist in the study of
clinical disciplines.

Keywords: professional dental terms, terminological system, wordy and one-word
terms.

Heablo manHOW pabOTHI SBIAETCS MPEACTABICHHUE OCHOBHBIX TJIOOQIBHBIX TPYIII
TEPMUHOB CTOMAaTOJIOTUYECKOU TEPMUHOCUCTEMBI, paccMOTpeHue MIPUMEPOB
PO EeCCHOHAIBHBIX CTOMATOJIOTHUECKUX TEPMHHOB KaXKIOW TPYMNIBI U UX CTPYKTYPHBIX
0COOCHHOCTEH OnMupasich Ha 3HAHUS JTATHIHU U OCHOB MEIUIIMHCKOM TEPMHHOJIOTHH.

«B MeIMUMHCKOM By3€ U3yUYEHUE JIAThIHU HOCUT NPHUKIAJHON XapaKTep U UMEET CBOIO
cnenuduky. M3yyaeTcst He CTOJBKO S3bIK, CKOJIBKO TEPMUHOJIOTHS, 6€3 KOTOPOH HEBO3MOKHO
OCBOUTH JIPyTH€ KIMHUYECKUE NUCIUILIUHBD [1;2].

3nanue MpodecCHOHANTBHON TEPMHUHOJIOTHH SIBISIETCS BA)KHBIM aCIEKTOM, KOTOPBIT
noMoraetr OyJIyIIUM BpadaM OPHEHTUPOBATHCS B PA3IUYHBIX 3a00JEBAaHUSX, CUMIITOMAX,
METOJIaX JICUCHUsI, UCCIICIOBAHUS U TPOQUIAKTUKHA. MeTUIIMHCKAsE TEPMUHOJIOTHS TIOCTPOSHA
Ha 0a3e JPEBHETPEUECKOTO M JATHHCKOTO SI3bIKOB. AQQUKCH U KOPHH TPEKO-JIATUHCKOTO
MPOUCXOXKJICHUSI CIIyKaT OCHOBOW  JJIst 0o0pa3oBaHMsl TPOUZBOAHBIX U  CIOXKHBIX
MEIUIIMHCKUX CJIOB M cioBocodeTanuil [3; 4]. CymecTByromias TPaJauIHs HCIIOIh30BAHUS
JATUHCKOTO SI3bIKa B MEIUIIMHE CIYXXHT OOBEAMHSIOMUM (PaKTOpPOM ISl CIEIHATUCTOB-
MEINKOB BCETO MHUpPA, YHUDUIUPYS MeAUIMHCKOe oOpa3oBaHHe. «JIaTbIHB CTaHOBUTCS
CEMaHTHUYECKOM OIMOpoil sl MO3HAHMS MEIUIMHCKOW TEepMHUHOJIOTHW» [3]. AHamuzupys
pa3Hble pa3lenbl CTOMATOJOTMM M HMX OCHOBHBIE  TEPMHUHBI,  NPEACTABIISIEM CaMble
MHOTOYHUCJIEHHbIE TEMAaTUYECKHUE TPYTIIbI.

l. TepMHHBI-THATHO3BI.

TepMuHBI, Ha3bIBAIOIINE CTOMATOJIOTUYECKHUE 3a00IEBaHMUS.

JlanHasi TeMaTuyeckasl Tpynna SBISIETCS OJIHOM M3 CaMbIX MHOTOYMCIEHHBIX. JlJis
Ha3BaHUN CTOMATOJIOTUYECKUX 3a00JI€BaHUN dallle BCEr0 MCIOJIb3YIOTCS MPOCTHIE WIH
IIPOU3BOJAHBIE KIIMHUYECKHE TEPMUHBL. BakKHO Takke OTMETUTh, YTO OJHOCIOBHBIE TEPMUHBI
npeobyiajaloT HajJ MHOTOCIOBHBIMHU. BTophie, B cBOIO odepelb, B CBOEM COCTaBE YacTo
colepkar mpuiaratenbHble. Hampumep: auddys3HbId MTyIbNUT, S3BEHHBIH THHTUBUT,
OyTBUTOUHBIN Kapuec U T. . TepMHHBI 3TOM TPYIIIHI - OCHOBA TAaKOTO pa3jesia MeIUILIMHBI, KaK
stuonorusi. Cromaronoruueckue 3a00JieBaHMS SIBISIOTCS CAMBIMU PACIPOCTPAHEHHBIMU
(mampumep: mno gaHHeIM BO3  kapuec HaOmromaercs y 80-95 % mnacenenus). B



JIlendenyuu paseumus HayKy u obpasoeanis -30-

MexnyHapoaHoi kiaccuukanuu OoJIe3HEW MOJIOCTH pTa, CIIOHHBIX KENE3 W 4YemocTeil
(MKB-10) npueaeno 578 3aboneBanuii [5].

1) [TpocThie KTUHUYECKUE TEPMUHBI SBISIOTCS MOP(HOIOTHUECKH HEACTUMBIMH.

Kapmuec (n1ar. caries) - maToJoru4eckuii mpoiecc J1eMUHEPATU3alNH C MOCIIEeAYOIIUM
paspylIieHueM TBEpAbIX TKaHeW 3y0OB Mmoja JeHCTBHEM OakTepuid W HEOIAronmpusTHBIX
(bakTOpOB CpeIbI.

AOcuecc (qar. abscessus) - MaTOJIOTMYECKHUHA MPOIECC, BBI3BAHHBIN JICHCTBHUEM
THOEPOJHBIX OakTepuil ¥ 3aKIIOYAIONIMICS B CKOIJIEHMM THOSI B OrPAaHUYCHHOM
MIPOCTPAHCTBE.

2) [Tpon3BoiHBIE KIMHUYECKHE TEPMUHBI B CBOEM HA3BAHUU COAEPKAT cyphuKc
wn ke npedukc. Hanpumep: —itis - Hambonee pacnpocTpaHEHHBIH Cy(QQHUKC B TaHHON
TEMAaTUYECKOH TIpyIIe TEPMHUHOB, MPUCOCIUHSAACH K OCHOBE CYIIECTBUTEIBHOTO, 00pa3yeT
Ha3BaHUs 00JIE3HEH BOCTIATUTEIBLHOTIO XapaKTepa.

I'maruBur (dat. gingivitis) - BocnaneHue CIU3UCTOW OOOJOYKH ACCHBI. TepMUH
IPOMCXOIUT OT JATHHCKOTO gingiva, ae, f (=necHa) + cyddukc —itis (=Bocnancuue).

Ilepuoctur (1aT. periostitis) - 3To0 ocTpoe UM XPOHUYECKOE BOCIAICHHE
HaJIKOCTHHIIBL. TepMUH TPOUCXOTUT OT IPEUECKON MPUCTABKU PEri- (=BOKPYT, OKOJIO, PSIOM)
+ osteon (=KocTh) + —itis (=BocmasieHue).

Cyddukc -oma nMeeT 3HaUCHUE «I00POKAYECTBEHHAsI OIyXO0Jb, HOBOOOpPa30BaHUEY.
OH mpucoenuHSETCs K OCHOBE CYLIECTBUTEIIBHOTO, KOTOPOE YKa3blBaeT Ha TKaHb,
MOPAKEHHYIO OITyXOJIBIO.

IMapogonToma (1at. parodontoma) - 10OpOKa4eCTBEHHBIC OIMYXOJEBBIC MPOLECCHI
napoaonTa. TepmuH o0pa3oBaH: rpeueckas MPUCTaBKa para- (=okoiio) + rped. odontos (=3y0)
+ cydduxc —oma (=ormyxoip).

Cydduxcsr osis, -iasis yka3pIBaloT Ha 3a00JIeBaHUS HEBOCIAIUTEILHOIO XapakTepa. B
AHATOMHYECKUX TEPMUHAX COXPAHSCTCS 3HAYCHHE «PE3yIbTaT IpoIiecca.

Hexkpo3 (JaT. NECrosis) - maToJIOrn4ecKHii MpOoIECe, 3aKIYAOIIUACT B THOCTH
TKaHd. TEepMHUH MPOUCXOJUT OT TPEUEcKOro Necro- (=MEéptBeiii) U cyddurca —O0SiS
(=3a0o0eBaHNEe HEBOCTIATUTEIIBHOTO XapaKkTepa).

Cunanoaurunas (nar. sialolithiasis) - 3a0osneBanue, xapakrepusytomieecss HaTUIUeM
KaMHEl B CIIOHHBIX Kele3aX M MPOTOKax. TepMUH MPOMCXOTUT OT Tpeueckoro sialon
(=cmona) + lithos (=kamenn) + cyddukc -iasis (=3a0o0iieBaHHE HEBOCHIAIUTEIHLHOTO
XapaxkTepa).

1. TepMHHBI-CUHMIITOMBI H CHHAPOMBI.

TepMUHBI, KOTOPBIE HA3BIBAIOT CHMIITOMBI/ CHHIPOMBI 3a00JICBaHUH.

CumnToM - mpu3Hak 3a0oneBaHus. CHHAPOM - MHOXXECTBO B3aUMOCBSI3aHHBIX
CUMITOMOB, KOTOpPBIE XapaKTEpHU3YIOT OJHY KOHKPETHYIO CTOpOoHY 3aboneBanusi. K manHoit
Tpynmne OTHOCATCS KaK OJHOCIOBHBbIE TEPMHHBI, TaK W MHOTOCJIOBHBIE. BTopbie B
OOJBIIMHCTBE clydaeB mpencTtaniensl snonnMamu. B kaure M.K. ConnaroBa «CUMNITOMBI U
CHUHIPOMBI B CTOMATOJIOTUYECKON HayKe W TPaKTHUKe» MpuBeneHo 514 TepMHHOB JTaHHOMN
rpynmsl [6].

TI'anuro3 (1ar. halitosis) - MeaunuHCKUiT TepMIH, 0003HAYAIOIIMIA TYPHOH 3amax U30
pTa. YKa3plBaeT Ha IUIOXOW YPOBEHb THTHMEHBI IMOJIOCTH PTa M TAKKE MOXKET SBISTHCS
CHUMIITOMOM 3a00JICBaHUH KENMyJOYHO-KUIIEYHOTO TpPaKTa, KOTOPHIE COMPOBOKIAAIOTCS
NaTOJOTMYECKUM POCTOM YHCIIa aHadpOoOHBIX MUKpoopranu3MoB. Halitosis - ot matuHckoro
cioa halitus, US M (=apIxaHue) U rpevdeckoro cydhdurca -0SiS (=MPEBbIIICHUE KaKOT0-ITH00
nokaszaress; 3a00eBaHie HEBOCTIAIUTEILHOTO XapaKTepa).

Beabckoro — duinaropa — Komimka nmsATHa - SBISIOTCS NPU3HAKOM HayajlbHOU
ctaauu kopu. OOHapyKeHHe TaHHBIX MSATEH Ha CIU3UCTOM MOJIOCTH PTa, @ UMEHHO Ha YPOBHE
MEPBBIX BEPXHUX MOJISIPOB, IMOMOTAET TOCTABUTh NPABWIBHBIM TUATHO3 U CBOEBPEMEHHO
HavaTh JieueHue. Hanwuue msATEeH co3/[aeT BIEYaTIIEHWE, YTO CIM3KMCTas YChIIIaHA MaHHOUN
Kpyno# [6]. JlaHHBII TEPMHUH B CBOEH CTPYKTYpE HE MMEET KIMHUYECKOM XapaKTepUCTHKH,
110 KOTOPOI MO>KHO OBIJIO OBI CYIUTH O CYTH CUMIITOMA. B 0CHOBE ero Ha3BaHUs Jie)KaT UMEHA
y4€HBIX, KOTOPBIe paboTaay HaJ JUarHOCTHKOW KOPH.
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[1. /IMarHocTUKO-TepaneBTUYeCKUe TEPMHUHBI.

TepMuHBI, Ha3bIBAIOIINE METOJbI JUATHOCTUKA W TTOKA3BIBAIOIIUE MEXaHU3MBI
JICYCHUS PA3IMYHBIX CTOMATOJIIOTUYECKUX 3a00JIeBaHUN.

JlanHast Tpymma Takke BKIIOYAET OOJBIIOE KOJIHYECTBO JIGKCHUECKUX €IMHUIL.
CromarTosorusi He CTOUT Ha MECTE M €XKETroJHO NpPEeIaracT HOBBIE METOJbl JIEUCHHUS U
JUArHOCTHKH, KOTOPbIE TOMOTal0T YCTPaHUTh J1e(hEeKThI, BOSHUKAIOILUE B POTOBOM MOJIOCTH U
o0JacTsX HEMOCPEeACTBEHHO K Hel mpuierarommx. [loaToMy 3Ta TemaTuueckas rpymnmna
MOCTOSIHHO TIOTIOJIHSETCS HOBBIMH TE€PMHUHAMH, KOTOpbIE 3a4acTyl0 B CBOEM COCTaBe
COZIepKaT TEPMHUHOAJIEMEHTBI IPEYECKOr0 MPOUCXOKICHU: -metria (=u3mMepeHue), -scopia
(=uccienoBaHue, 0cMOTp), -graphia (peHTreHo10ru4ecKkoe uccjaea0BaHue, rpadpuyeckas
perucrpanus), -therapia (=neuyenue), -tomia (=pacceuenme), -ectomia (=yaajienue), -
pexia (=(puxcamus) 1 TaK aajee.

Cromarosnorus mnojapasieisieTcs Ha OTpaciu: TeparneBTUYECKas, XUpypruyeckas,
opTorneau4eckasi, OpTOAOHTHS, IAPOJOHTOJIOTUS, CTOMATOJIOTUS JETCKOI0 BO3pacTa - BCE OHU
UMEIOT OT/JEJIbHBIE, XapaKTEpPHBIE I HUX METO/bI JICUCHHUSL.

Jliig TepaneBTUYECKOI CTOMATOJIOTUM HauboJiee YaCTOTHBI TEPMUHBL:

IlnomOupoBanue (;1art. interclusio < intercludére (=3amupartb, 3arpaknarthb,
NPUKPBIBATh)) - IMpoLEAypa BOCCTAHOBIEHUS aHAaTOMHuYecKoW Qopmbl 3yba u  ero
(YHKIIMOHAIBHOCTU TPHU IMOMOIIY CHEIHAIbHBIX IOMOMPOBOYHBIX MaTEpHUaoB. TepMHH
nporcxoauT oT HeMm. plombieren, koTopoe cBOMMH HCTOKaMH BOCXOJHMT K Jjar. plumbum
(=cBuHe).

IIpenapupoBanue (JarT. praeparatio (=NpPUroToBJeHHME)) - MEXAHUYECKOE
BMEIIIATEIILCTBO HA TOBPEKICHHBIX TKaHIX 3y0a C LENbI0 CO3/aHUs HAWIYUIIMX yCIOBHN
s pukcanuu TUIOMOMPOBOYHOTO Marepuana. TepMUH NPOMCXOJUT OT JIATUHCKOTO
praeparare (=rOTOBHUTb, TOJATOTOBJISTD).

Jliig opronenyeckoi cToMaToIOrHH IJIaBHBIM TEPMUHOM SIBJISIETCA:

IIpoTe3upoBaHMe - BOCCTAHOBJICHUE aHATOMUYECKOM, SCTETUUECKON (OPMBI, a TaKKe
byHKIMN 3y00B, 3yOHBIX PSOB U aJIbBEOJSIPHBIX OTPOCTKOB YENIOCTEH C MOMOIIBI0 3yOHBIX
MPOTE30B PA3NUYHBIX BUJOB U KOHCTPYKIMI. TepMUH MPOUCXOIUT OT IPeuecKoro mpotidnpu
(=ctaBuTh criepean) [prothesis npucoeanHeHue, NpudaBIcHNE].

B xupyprudeckoii CTOMaToJIOrMl MOTYT OBITH IPUBEACHBI CIEAYIONINE TEPMUHBI:

I'maruBdkTomMus (1at. gingivectomia) - xupypruueckas oneparus M0 HCCEUCHHIO
YacTU JeCHbI. TepMHH MPOUCXOAUT OT JIATHHCKOro gingiva, ae f (=mecHa) + rpedeckoro
TEpMUHOAJIEMEHTa —eCtomia (=yaajicHue, HCCeUeHue).

Ypanominactuka (;1at. uranoplastica) - nmnactudeckas onepanys, HalpaBJieHHas Ha
ycTpaHeHue nedekToB TBepAoro HEOa. TepMHH MPOUCXOAUT OT TPEUecKoro urano (=TBépaoe
HEGO) + -plastica (=BoccTaHOBUTENbHAS TUTACTHYECKAS] XMUPYPrHUecKast Oneparus).

Pe3exuusi Bepxyliku KopHsi (1aT. resectio apicis radicis) - xupyprudyeckoe
BMEIIATENILCTBO [0  KMCCEUEHUIO TOPaXEHHbIX UWHGpEKnued TKaHed C  YacThbio
TPaBMHUPOBAHHOTO 3yOHOTO KOpHsS [7]. ['MaBHOe cCJIOBO B TEepMHUHE - «PE3EKIHs», UTO
MOJIPa3yMeBaeT «XHPYypPruuyeckoe ynaajeHue Kakou-muOO dYacTH opraHa WiIM TKaHW» U
MPOMCXOUT OT JIATHHCKOTO resectio (=otceuenue). OHOCIOBHBIA TEPMHUH - AlTHKOIKTOMUS
(;mat. apicoectomia) — uMeeT Takoe JKe 3HaUCHHE.

V. TepMHUHBI-HHCTPYMEHTHI.

JlanHOW  Tpynme  TpHHAUIC)KAT  TEPMUHBI,  HA3BIBAIOIIAE  HMHCTPYMEHTHI,
npelHa3HayYeHHbIEe JJI1 KJIMHUYECKOro 00cieloBaHus U JiedyeHHUs Ooyie3Hel MOoJIOoCTH pTa,
UCIIONIb3YEMbIE B TEPANEBTUUYECKON, XUPYPTUYECKON M OPTOMEAMYECKONH CTOMATOJOTHH, a
Takke Ui 3yOoTeXHHYeckuX pabor. [lng STUX TEpPMHUHOB XapaKTepHa TEHACHIUA K
3aMMCTBOBAHHUIO U3 PA3IMYHBIX S3bIKOB.

3oHa cromaroJsiorndeckuii (Jar. specillum (=TOHKMH 30HA, XHPYPru4YecKHi
30H/1)) - CIIY>)KHT JIJISl BEISIBJICHHSI KAPHO3HBIX TIOJIOCTEH, OTpeIeNieHrsl COCTOSIHUS rccyp, X
rITyOuHBI, OOJIE3HEHHOCTH, XapaKTepa pa3MArdeHHBIX 3yOHBIX TKaHEW, W3MEPEHUs TITyOWHBI
NapOJOHTANBHBIX ~ KapMaHOB. MoeT OBITh  YIJIOBBIM, TPSIMBIM, ITyTOBYATHIM,
MapoIOHTATBHBIM, SHIO0IOHTUYECKUM [7].
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Oxkxkawoparop (aar. occlusus (=3ameprswlil)) - amnmapar, BOCHPOM3BOASILNN
JBU>KEHUS HYDKHEN YEMIOCTH B BEPTUKAJIBHOW IJTIOCKOCTH.

IIyJIbM03KCTPAKTOP - HCIONB3YETCs ISl yIAlICHHUS TMyJbIIbl WM €€ pacrajga u3
KOPHEBBIX KaHAIOB. TepMUH MPOMCXOTUT OT JATHMHCKOTO pulpa (=mynbna 3y0a, MSIKOTh) +
extrahere (=u3BJeKaTh, BHIHUMATB ).

Jluratypa - npucnocobneHue JUisi 3aKkperieHuss Ayrd B masze Opekera. Tepmuu
POMCXOIUT OT JATHHCKOTO ciIoBa ligatura, at f (=moBsi3ka, mepeBsi3ka).

Bpekersl, opTOI0HTHYECKHE CKOOBI - OPTOJOHTUYECKUE HECHEMHBIE KOHCTPYKIIUU
JUISL KOPPEKIMH MOJI0XKEHHU 3y00B MpH HAPYIIEHUSAX NMPUKyca U HEPOBHOCTU 3yOHOro psija.
TepmuH nmpoucxoauT oT anrauiickoro bracket (=cko0xa).

V. TepMHuHBI-JIeKapCTBA.

Wnu  TepMHUHBI, Ha3bIBAIONIME JICKAPCTBEHHbIE BEIIECTBA, IUIOMOMPOBOUYHBIC
MaTepHalbl ¥ CPeICTBA JUISl MPOMUITAKTUKYA CTOMATOIOIMYECKHUX 3a00IeBaHui.

JlaHHasi Tpymma TaKXkKe SBISETCS YPE3BBIYAMHO Pa3HOOOpPA3HOW M IOCTOSHHO
TIOTIONTHSETCS HOBBIMH TepMHHAMH. [11oMOMpOBOUHBIE MaTepHalbl TPUMEHSIOTCS JUIS
3aMelIeHUs1 3yOHOW TKaHW. B CTOMATOJOTMHM KpOME CIEIHaIbHBIX CTOMATOJOTHYECKUX
MaTepUajoB HCIOIb3YIOTCS JIEKAPCTBEHHBIE CpEACTBA U3 pPa3HbIX (PapMaKOIOTHUECKUX
rpynim: MECTHOAHECTE3UPYIOLIHE, aHaJIbre3UpYIOIKe, MIPOTUBOBOCIIATIUTEIBHBIE,
aHTHOaKTepuanbHble, aHTUOMOTUKH U JIp. Bolbloe 3HaUueHNEe UMEIOT TaKXke JIeKapCTBEHHAs
npoduIakTuka U GapMakoTepanus Kapueca, MapoJOHTUTA U JPYTUX 3a00JIeBaHUN MOJIOCTU
pTa.

Amaabrama (y1at. amalgama (=cmiaB)) - cIjiaB, MOJy4aeMbIil yTeM COCIUHCHUS
PTYTH ¢ cepeOpoM B BUJIE€ IUIACTHUYECKON MAacChl, KOTOpas 3aTBEP/CBACT NPU MOMEIIECHUH B
o0paboTaHHyO MOJIOCTH 3y0a [7].

l'annogeHT - MIOMOMPOBOYHBIM MaTepwal, NpeAHA3HAYCHHBIA JUISI TOJTYYCHHUS
METANIMYECKUX ITUIOMO B3aME€H CYLIECTBYIOIIMX aMajibIaM, COJIEPKALIMX TOKCUYHYIO PTYTh.
Tepmun obpaszoBan ot natuackoro Galium (=rammuii) + dens, dentis m (=3y0) [7].

Hadacresmn - MecTHO JACHCTBYIOIIEE MPOTUBOKAPHUO3HOE CPEACTBO. TepMHUH
npoucxoaut ot erunet. naphtha (=nedts) + rp. aesthesis (=ayBcTBO) [7].

®daocc, 3yonass uuth (aar. florere (=0amcrarb, CMATH)) - HUTh CUHTETUYECKHX
BOJIOKOH JIJIS1 OYMCTKU KOHTAKTHBIX ITOBEPXHOCTEN 3y00B M MEX3YOHBIX IPOMEKYTKOB.

Takum oOpazom, B pe3yjbTaTe pPacCMOTPEHHS OCHOBHBIX TEPMHUHOB pa3ITUYHBIX
CTOMATOJIOTMYECKHX OTpaciel ObLJI0 BBIIENEHO TMATh TJOO0AJBHBIX TPYII: TEPMHHBI-
JTUArHO3bI, TEPMHHBI-CHMIITOMBI, JIHATHOCTUKO-TEPANIEBTUICCKUE TEPMUHBI, TEPMHUHBI -
WHCTPYMEHTHI U TEPMUHBI - JIEKapCTBa.
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aii JLA.
Hcnoan3oBanue JICKTPOKOATYJIAIUH TJISI OCTAHOBKU KpOBOTe‘{eHI/Iﬁ N3 3aHUX
0TJ€JI0B IMOJIOCTU HOCAa

MBY3T'bNe I um. HA. Cemauiko
(Poccusi, Pocmos-na-J{omny)
doi: 10.18411/1j-08-2021-08

AHHOTALUSA

[IpoBeneH pETPOCHEKTHBHBIN aHAIW3 PE3yibTaTOB JieueHUs 167 OOJIBHBIX C
KPOBOTEUEHHSIMH M3 33THUX OTAENIOB MOJIOCTH HOca. Bo3pact GonbHBIX ObLT OT 32 10 73 neT.
B GonpiinHCTBE cyyaeB UCTOUHUK KPOBOTEUEHHUS MPU MEPBUYHOM OCMOTPE OOHAPYKUTh HE
yaanoch. ONTUMANBHBIM TePalleBTUYECKUM MOIXO0O0M B 3TUX clydasx Obuia uaeHTU)UKAIISL
KpPOBOTOYAIIETO COCYJla M €ro KOoaryJsiius MpU 3HJOCKONWYECKOM HCCIIEI0BAaHUU IOJIOCTH
Hoca. Ecnu mpu peruauBupyromem HK mowck McTOYHMKA KpOBOTEUEHUS OBLI 3aTpyIHEH
y30CTbIO  MOJIOCTM HOCAa M3-3a HAJIM4yus JEBUALMU  [EPErOpOJKH,  BBINOIHSIIN
KOPPUTHPYIONIYIO ONEPALIMIO ¢ SHAOCKOMNYECKOM PEBU3HEH 3aIHUX OTJENIOB MOJIOCTH HOCA U
3JIEKTPOKOATYJISALIMEN KPOBOTOYMBOM 30HBI.

KuioueBbie ci10Ba: HOCOBOE KPOBOTEUECHHE, YHIOCKOMHYECKAS STICKTPOKOAT Y ISIIIHSL.

Abstract

The retrospective analysis of hospital charts of 167 patients with posterior epistaxis
aged from 32 to 73 was carried out. The bleeding point was unknown in most cases of first
examination. Identifying the bleeding points as much as possible and performing
electrocoagulation at these sites was the preferred procedures. We propose the treatment
procedure for refractory epistaxis. When it is difficult to identify a bleeding point in a patient
with refractory epistaxis due to a deviated nasal septum, a bleeding point should be identified
after septoplasty.

Keywords: epistaxis, endoscopic electrocoagulation.

HocoBoe kpoBoteuenne (HK) — omna w3 campIx YacTBhIX MPHUYMH JKCTPEHHBIX
oOpareHuii K OTOPUHOJIAPUHTOJIOTY. XOTS Y MOJABIAOMEro 0oapmuHcTBa 601pHBIX ¢ HK
KPOBOTEUYEHHE MOKET ObITh OCTAHOBJIEHO B aMOYyJIaTOPHBIX YCJIOBHSX, CYIIECTBYET Ipymma
OOJIbHBIX, KOTOPBIE TPEOYIOT TOCTIUTAIM3AIIMN U 1K€ B YCIIOBUSX CTAlIMOHAPa MPEACTABISIET
ompefieNieHHbIe TPYIHOCTH JUIS JiedeHus. IJTo OonbHBIE ¢ peruauBupyrommmu  HK,
BO3HHKAIOIUMH Ha (POHE TJI0X0 KOHTPOJIUPYEMOH apTepruaabHON TUIIEPTEH3UH, ITTUTEIHHOTO
npreMa aHTUKOATYJISTHTOB MM KOMOPOUIHBIX HApYIIEHUH reMocTas3a, U, 0COOCHHO, O0IbHBIE
¢ unuonarnueckumMu HK, y koropeix mnpuumHy ycraHoBuTh He yamaerca [1, 2, 3]. o
HEJaBHET0 BPEMEHU OCHOBHBIM METO/I0M OocTaHOBKHM peuuauBupyromux HK Obuta Tamnonana
noJsiocTy Hoca [4, 5]. C pa3BUTHEM TEXHUKHU HHI0HA3aTbHON YHI0CKOIMYECKON XUPYPIUH BCE
HIMpe CTalU UCIOIb30BaTh JIEKTPOKOATYIISIMI0 KPOBOTOYAIIUX COCY/IOB B MOJOCTH HOCA, B
TOM YHCJIe, TP UX JOKAIU3AIMU B 33/IHUX OT/IeNIaX MOJOCTH Hoca [6, 7].

Henpto  Hameil  paGoTbl  OBUIO  HM3yYeHHE  BO3MOXKHOCTH  MPUMEHEHUS
AJIIEKTPOKOATYJISIIIUU TIPU KPOBOTEUEHUSIX U3 33 IHUX OTJIEJIOB MOJIOCTH HOCA.

Marepuan u MeToAbl HcchenoBaHusa. [IpoBeneH peTpPOCHEKTHUBHBIN — aHATU3
CTAllMOHAPHBIX HUCTOPUN OOJIE3HW MAIMEHTOB, TOCIUTAIM3UPOBAHHBIX IO TMOBOIY
perunuBupyromux HK. [lpu ananuze aHamMHeCTHYECKMX NTaHHBIX BBISBISUIM yKa3aHUS Ha
apTepUATIbHYIO THIEPTEH3UI0, TIPUEM aHTHKOATYJISTHTOB, HAPYIICHUH B CHCTEME I'eMOCTas3a,
TpPaBMBbI, AJICPTUYECKH PUHHUT, XPOHUUYECKUNH PUHOCHHYCHUT, MEPEHECEHHbIE B HEIaBHEM
MPOIIJIOM XUPYPTrUYECKHe BMEIIATEIbCTBA B MOJOCTH HOca. M3 obmiero MmaccuBa 0ToOpaHO
167 Gonpubix ¢ wuauonatuyeckumu HK B Bospacte ot 32 mo 73 mner. Ilpu mepemueit
puHockormu wucrtouHnk HK He Obu1 OOHapy)keH, BBHIY 4Yero KpOBOTCUCHHUE OBLIO
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OCTaHOBJICHO B MPUEMHOM OT/ACJIICHUU MepenHel TammnoHanod. OJQHAKO MOCIe W3BJICUCHUS
TamMrnoHOB 4epe3 20 - 28 yacoB OHO BO30OHOBHIIOCH Y 42 OOJIBHBIX.

Jns moucka wucrounnka HK OGoibHBIM OBLIO TIPOWM3BEACHO HHAOCKOIMHMYECKOE
UCCJIeIOBaHKE MOJIOCTH Hoca. VccmenoBanrue mMpoBOAUIOCH B TIOJOKEHUN OOJILHOTO CHIS CO
CJIeTKa HAKJIOHEHHOW BIepe]] royioBod. [Ipw OOMIBHOM KpPOBOTEYCHHH B 3aJHHH OTIEN
MOJIOCTH HOCA BBOJMJIM MApJIEBbII TaMIIOH JUIsl TPEIOTBPAIICHUS 3aTEKaHUsI KPOBHU B TJIOTKY.
OcMOTp HOJIOCTH HOCA C UCIIOJIB30BAHUEM 3JIEKTPOOTCOCA MOATBEPAMII, YTO KPOBOTOYAIIMMA
cocyn pacmojaraercss B cpeaHux (y 14 OONBHBIX) W 3aJHUX OTAeNIaxX MoJocTH Hoca (22
00JbHBIX). Y 6 OOJIBHBIX OCMOTPETh KPOBOTOYANIYIO MOJIOBUHY MOJIOCTH HOCA HE YJAJIOCh
BBUJIy HaJM4YUs PE3KO BBIPAKEHHOTO MCKPUBIICHUS MEPETOPOJKU HOCA, MPEMSATCTBYIOIIETO
BBEJICHHIO )KECTKOTO YHAOCKOIIA.

B Tex ciywasx, xorma KpOBOTOYAIMWA COCYJA OINpENEIsuics B CPeAHUX OTIenax
MOJIOCTU HOca (B 00yiacTu cpeaHell HOCOBOM paKOBUHBI, THA IMOJOCTU HOCA, CPEAHUNA OTAET
HUKHEH HOCOBOM pPAaKOBHHBI U MEPErOPOJKH HOCA) T€MOCTa3 OCYIIECTBIISUIA IMOJ MECTHOU
anmivKanuoHHou anectesuer 10% pacTBopoM JMiokanHa ¢ nomMolneto anmnapara «dorek E
80 M» B pexuMmMe «MOHOKOAryssmusi». Eciu KOHTaKT ¢ 30HOM KPOBOTOUMBOCTU OBLI
3aTpyAHEH, UCIIOIb30BAIIN PEXKUM «CIIPEN.

VY G0nbHBIX € JIOKaJIM3alMeld MCTOUYHHMKA KPOBOTEUEHHUS B 3aJHUX OT/ENaX IMOJOCTH
HOca (B OCHOBHOM, B 30HE€ BeHO3HOro cruierenus Woodruff moj 3agHuM KOHIIOM HMKHEH
HOCOBOM PaKOBHHBI) YHAOCKOIMHMYECKOE O00CJIEeI0BAaHHE MPOBOAMIIOCH B IMOJOXKEHUHU JIEXKa C
IIPUIOHATHIM T'OJIOBHBIM KOHIIOM CTOJIa, [IOMUMO 3JE€KTPOOTCOCA MCIOJIB30BAIN OPOILICHHE
TI0JIOCTH HOCA PaCTBOPOM TPAHEKCAMOBOM KHCJIOTHI, TIOJOIPETHIM 10 42°, 4TO 3HAYMTENILHO
YMEHBINIAJI0 HWHTEHCUBHOCTh KpoBoTeueHus [8]. Ilpu coOmromeHun STUX  YCIOBHUH
KpOBOTOUAIIM  cocydq  ObUl  OOHapyXeH W  KOaryJupoBaH C  NPUMEHEHUEM
anektpoxupyprudeckoro koaryisitopa ERBE cepun VI0C STORZ y 18 u3 22 607bHBIX C
XOPOIIUMHU aHATOMUYECKIUMH YCIOBUSIMHU 0030pa.

B 6 cnyyasx Hanuuus BBIpaXEHHOW NEBUAIMU TEPEropoJKM HOCa TreMocTa3 ObLl
MIPOU3BENICH B YCIOBUSX OMEPAI[MOHHOM, IO 00INM 00€300IMBaHUEM, C IIPEIBAPUTEIILHBIM
BMEIIATENILCTBOM Ha TEpPeropojike Hoca (MpOM3BeJeHa CENTOIIACTHKa) IS oOecreueHus
JIOCTyTIa K KpOBOTOUYHMBOM 30HE.

O6cyxnaenue pe3ynpraToB. Jljis TMpoOBeNEHUS PETPOCIEKTHBHOTO aHAIM3a Mbl
BBIOpaM MCTOPUU OOJIE3HW TMAIMEHTOB C Tak HaszbiBaeMbiMH uauonarudeckumu HK,
UCKIIIOYMB  CIyyad, KOIJIa TIpUYMHA KPOBOTEUEHHUS OdYeBUAHA (TpaBMa, IpUEM
AQHTUKOATYJIIHTOB, OMyXO0Jb MOJIOCTH HOCA U JApyrue). B 3TUX ciyyasx TJIaBHBIM B CUCTEME
Je4eOHBIX MEPONMPUITHI OKa3bIBA€TCS MECTHBIM IeMOoCTa3, MOCKOJIbKY MaTOreHeTUYecKas
Tepanus gBisgeTcs HeoueBUIHOW. OCHOBHBIM ycioBHeM ycnemHoil octaHoBku HK sBnsercs
oOHapy»KeHHe KpPOBOTOUAIIET0 COCYAa, IMOCKOJBbKY Y TalMeHTOB C HEYCTaHOBJIEHHBIM
HUCTOYHUKOM KPOBOTEUEHHUS PUCK €Tr0 PEeIMIMBOB BO3pacTaeT MpuOIM3nuTeNbsHo B 3 pasza [9].
[locnenoBarenbHOCT, NPHUMEHEHUS MeEponpusATHd ¢ nenpro  octaHoBkn HK  Ham
MPEJICTABISIETCST CIASAYIONUM 00pa3oM: MPH MEPBUYHOM OCMOTPE OOJBHOTO HEOOXOAUMO
OTIPENIETTUTh 00JIACTh JIOKAJTU3aIMA KPOBOTOYAIIETO COCY/a B MOJOCTH HOca (MEpPEAHHE WIH
3amHUe OTAeNbl). KpoBoTeueHue M3 MEpEeIHUX OTIEIOB MEPETrOpOJIKH HOCa JOIKHO OBITh
OCTAHOBJICHO OECTaMIIOHHBIM CIIOCOOOM, TaMIIOHAJAa B ATHUX CIIy4asX SBJISETCS METOJO0M
BbIOOpa Mpu HEIDPEKTUBHOCTU APYTUX MPUEMOB, TUOO MPHU HATHYUU T€MOIAMHAMHUUYECKUX
HapyIIeHUH y 60JIBHOTO, TPEOYIONUX HEMEIJIEHHON KOPPEKITHH.

[Ipu kpoBOTE€YEHMM U3 3aJHUX OTAEIOB IMOJOCTH HOCA JONYCTHUM NEPBUYHBIN
reMocTa3 ¢ IOMONIIBIO TaMIOHalabl Hoca, eciau ucrouyHuk HK He ompepenserca. B
MOCIIEAYIONIEM TTPH BO30OHOBICHUN KPOBOTECUEHUS TIOCTIE yIAJICHHS TAMIIOHOB JIOJDKHO OBITh
MIPOU3BENIEHO HJOCKOMUYECKOE HCCIE0BaHUE TMOJOCTH HOCA, WACHTH(PUKAIUS UCTOYHHKA
HK wu »snexkTpokoarynisiiiusi KpoBOTOdYamiero cocyna. Ilpu Haauuuu  BBIPaXKEHHOTO
UCKPHUBJICHHUS TMEPEropoJKd HOca TOKa3aHa CEeNTOoIUIacTUKa Ajsi oOecredeHHsl JOCTyIa K
KPOBOTOUYMBOU 30HE.
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Kak mokaszamo Hamie wuccieoBaHue, 3JIEKTPOKOATYJSIIHUS C SHIOCKOMUYECKUM
KOHTPOJIEM SIBJISIETCS CIIOCOOOM HAJIeKHOTO TeMOocTa3a U TPOMUIAKTUKON pPEeluIuBOB
HOCOBBIX KPOBOTEUEHHI.
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AHHOTAIUA

B oOmieit crpykType 3a005IeBa€MOCTH CpEOu B3pPOCIOr0 W JETCKOTO HaCEJIeHUs
BEJlyIlIe€ MECTO 3aHMMAET MaTOJOTUsl OpraHoB AbixaHusa. K 0oJHOW M3 OCHOBHBIX MPUYUH,
BBI3BIBAIOIINX  MOpaXeHHE  OpPOHXOJErO4YHOIro  amnmapara,  OTHOCAT  yXYAIIEHUE
9KOJIOTHYECKOTO COCTOSIHUSI BO3IyIIHOTO OacceifHa. Yame Bcero 9TO CBSI3aHO C
MOCTYIUICHHEM BO BHEIIHIOIO Cpely OOJIBIIOr0 KOJIMUYECTBA XUMUYECKUX COSIUHEHHM B BUJIE
OTXOJIOB MPOMBIIUICHHBIX NPEANPUSATANA W aBTOTpaHcnopra. B 3THX 30Hax oTMedaeTcs
MOBBIIICHHOE COJEP>KaHUE B BO3JyXe TaKUX 3arps3HUTENEH, Kak OKCUJ Cephl, YIJIepoja,
TUOKcUJ azoTa u Ap. [lonmagas B opraHu3M, OHU BBI3BIBAIOT MOPAXKEHUE BEPXHUX M HIKHHUX
JbpIXaTeNbHBIX MNyTel. B pesynbraTte y geteidi W B3poCibIX (HOPMHUPYIOTCS pazIUvHbIE
3a00JIeBaHUs OPTaHOB JBIXaHUS (OCTPHIC H XPOHUYECKHE), BIUIOTh 10 HHBAIUIU3AIUH.

KuioueBble cjioBa: 00JIC3HM OPraHOB JIBIXaHUS, B3POCIOE M JCTCKOE HAaCEJICHHE,
OKpYXKaroIasi Cpe/ia, MIPOMBIIUICHHBIE OTXObI, KOJOTUYCCKH 3aBUCUMBIC OOJIEC3HHU.

Abstract

In the general structure of morbidity among adults and children, the leading place is
occupied by the pathology of the respiratory organs. One of the main reasons for the defeat of
the bronchopulmonary apparatus is the deterioration of the ecological state of the air basin.
Most often, this is due to the entry into the external environment of a large number of
chemical compounds in the form of waste from industrial enterprises and motor vehicles. In
these zones, there is an increased content of pollutants in the air, such as sulfur oxide, carbon,
nitrogen dioxide, etc. Once in the body, they cause damage to the upper and lower respiratory
tract. As a result, children and adults develop various respiratory diseases (acute and chronic),
up to disability.

Keywords: respiratory diseases, adult and child population, environment, industrial
waste, environmentally dependent diseases.

Cpenu mipoGiieM, CBSI3aHHBIX C 3KoJjioruedl BopoHekckod 001acTH, MOBBIIIEHHOE
BHUMaHUE WUCCIIEJIOBATENICH B TIOCIEIHHUE TOJBI YACIECHO BOIPOCY BIHMSHHS 3arpsS3HEHHOTO
atMoc(epHoro Bo3nyxa Ha HaceneHue pernona. [lo nanueiM BO3 coctosinue cpepl BIUSET
Ha opraHu3M dyenoBeka B 20-25% ciydaeB, uHOTJA CIIOCOOCTBYSI pa3BUTHIO 3a00JIEBaHUM.
OpHolt u3 HanboJee ySI3BUMBIX K BO3JEHCTBUIO BHENIHUX (DaKTOPOB SIBISETCS AbIXaTeIbHas
cucrema [1].

3a 2018 rox cMepTHOCTH OT Ooye3HEH pecUpPaTOPHON CHCTEMBI COCTaBUJIA OKOJIO
1000 uenoBex o Boponexckoit odnactu [2]. ITo manasiM HabmoaeHuii I'Y «Boponexkckuit
LI'MC» (11eHTp 10 TUAPOMETEOPOTIOTHH U MOHUTOPUHTY OKpY>KaroIlel Cpeibl) 3a TpH rojaa —
2015-2018 — B BopoHexxe ypOBHS BBICOKOTO 3arpsi3HEHUs aTMOc(hepbl OKCHIIOM YIIepoja,
Cepbl U JHMOKCUIOM a30Ta JOCTHIJa IOr0-BOCTOYHAS 4YacTh IOpoJia, I/I€ pacIoiararoTcs
MPOMBINUICHHBIE TPEANPUITHS U MPOJIOKEHA aBTOMATUCTPAh C OOJBIION 3arpyKeHHOCTHIO
aBTOTpaHcroprom [3; 4].
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[Ipn ananmuze MarepuasoB M3 HHTEPHET-PECYPCOB, COJEPKAIIMX CTATUCTUYECKHE
naHHble CaHAMUAHA30pa O CTPYKType 3a0oiieBaeMocTH 1o BopoHekckoit o0nactu y nereit u
B3pocibix 3a 2015-2018 rr., moiyuwnu clenyoomme pesyibTaTel. Jlugupyromee mecto
3aHUMAIOT 0OJIE3HU OPTAHOB PECITUPATOPHON CUCTEMBI:

1) cpenu  neteit B Bo3spacte 0-14 ner Ha om0 3abojeBaHHME OPraHoB
OpoHxoJIerouyHoro anmnapara npuxoaurcs 61,9%;

2) cpenu aereil B Bo3pacte 15-17 jer Gosie3HH OpraHOB IbIXaHHS COCTABJISIOT
42,6%;

3) B cTpyKType 3a00JIeBAEMOCTH B3pOCIBIX OT 18 jieT u crapiie 60Ie3HN OpraHoB
neixanus coctasisgioT 30,4%.

[To manHBIM NPOPUIAKTHYECKHX OCMOTPOB Yy cryaeHToB BI'MY 3aboneBanus
JBIXaTeTbHOM CHUCTEMBbI Tak)Ke€ 3aHMMAlOT OJIHO W3 MNepBbIXx MecT [5]. BosHukaer
3aKOHOMEPHBII BOIIPOC: B YeM NMPUYMHA TAaKO paclpoCTpaHEeHHOCTH?

B GonpimmHCTBE ciydaeB OOJIE3HH OPraHOB JIBIXaHUS OTHOCATCS K «IKOJIOTHUYECKU
3aBUCUMBIM» 3a00JICBaHUSIM, CBSI3aHHBIM C 3arps3HEHHEM BO3AyIIHOTO OacceriHa [6]. Ilo
JAHHBIM ~ MEXJIYyHApOJHBIX HCCIECOBAHUNA MX TOBBIIIEHHAS PACIPOCTPAHCHHOCTh U
nepBUyYHas 3a00JIeBa€MOCTh JeTel CBsf3aHa C BO3JACWCTBUEM JTUOKCHAA a30Ta, OKCHJIOB
YTIEpoaa U cepbl U3 aTMOC(EPHOTO BO3AyXa, KOTOPHIC W BBI3BIBAIOT MOPAKCHUE BEPXHUX U
HIDKHHUX JIbIXaTelIbHBIX MyTeil. Hampumep, okcuibl cepbl, 00pasyromuecs NpuU CKUTaHUU
MCKOIIAaeMOIr'0 TOIUIMBA C BBICOKHM €€ COJEP:KaHMEeM, MOTYT OOpa30BBIBaTH PAaCTBOPUMBIC
KHUCJIOTHBIE a3pO030JIM, KOTOPbIE OTKJIAJABIBAIOTCS B BEPXHUX JbIXaTEIbHBIX NYTAX U
BBI3BIBAIOT UX BOCIIAJICHUE, YBEIMYUBAs PUCK PAa3BUTHSI XpOHUUYECKOro Oponxura [7]. B cBoro
ouepellb STH HapyIICHHs OKa3bIBaIOT BIUSHUE Ha OOIIEe COCTOSHHE OpPraHu3Ma, BbI3bIBAs
CHIDKEHHE paboTOCIIOCOOHOCTH [§].

Ha Ttepputopun Boponexckoii obmactu Beayumu ¢akropamu, (HOpMUPYIOIIUMU
KaueCTBO BO3IYIIHOTO OacceiiHa, SIBISIFOTCS KOMIIOHEHTBI BBEIOPOCOB MPOMBIIIIICHHBIX
npeanpusTuii ¥ aprorpancnoprta [9]. ITo manueiM Habmoaenuii I'Y «Boponexckuii III'MCy»
¢ 2016 roma B IOrO-BOCTOYHOW 4YacTH TOpoja B aTMoc(hepHOM BO3JIyXe OTMEUaeTCs
MOBBIIIEHHOE COJIEp)KaHUE OKCHIA yriepoia W JUOKCHIA a30Ta, a TaKXkKe JAPYTHX BPETHBIX
xumuueckux coenunenuii [10; 11]. Ces3aHo 3T0, MPEXKIE BCErO, C PACIOIOKECHHEM B JaHHOM
30H€¢ OOJIBIIOTO  KOJMYECTBA MPOMBIIIIEHHBIX MPEANPHUATHI U  aBTOMAarucTpail ¢
WHTCHCHBHBIM JBW)KCHHEM. JlaHHBIE OOCTOSATEIhCTBA JUKTYIOT HEOOXOIUMOCTH CO3JTaHUS
OUHCTUTENBHBIX COOPYKEHMI, 4YTOOBI KaK MOXXHO MEHbBIIE KOMIIOHEHTOB IepepadoTKH
nocrynaiio B armochepy [12]. TlosToMy Ha HEKOTOpPBIX MPEINPHATHIX AKTHBHO
MPUMEHSIOTCS] Pa3IUYHbIE CIIOCOOBI OUMCTKHU BO3yXa OT COJAEPKAIIMXCS B HEM SIOBUTHIX
BelecTB. Tak, akiMoOHEpHOE 0011ecTBO « BOpoHEKCHUHTE3KayuyK» IIPU YYaCTUU B KOHKYpPCE
«Jlyumme skonornyeckue npoekThl 2017 roma» moOeamsio B HOMHHAIMH «3a BHEAPECHHUE
HKOJIOTUYECKA YHUCTHIX MPOU3BOJCTB». Ha mnpeanpusTuu BO3BENIM YCTAaHOBKY OO0XHIa C
CHUCTEMON OYHMCTKH BO3AYIIHBIX IMOTOKOB, YTO MHHHMH3UPOBAIO BBIOPOCHI 3arpsi3HSIIONTNX
BEILECTB B OKPYKAIOIIYIO CpPey.

TakuMm 00pazoM, YCTaHOBJICHO, YTO OOJIC3HU JbIXaTeNIbHOM cucTeMbl 3a 2015-2018 rr.
B 00111e#l CTPYKType 3a00JIeBa€MOCTH CPEIH JIETCKOTO M B3POCIOTo HaceleHus B T. BopoHexe
3aHUMAIOT OJTHO M3 MEepBbIX MecT. HanbopIimas yactora ux BCTpedaeMocTu 3a)UKCUPOBaHA B
TeX palioHaxX ropoja, rie OTMEYAeTCs CYIIECTBEHHOE 3arpsi3HEHHE BO3IYIIHOTO OacceiiHa
BpPEIHBIMU XUMHYECKUMHU COeAUHEHUsIMU. [[09TOMY Ha TPOMBIIICHHBIX TPEINPUATHAX T10-
MPEKHEMY OCTaeTCs aKTyalbHOH MpobiieMa OYMCTKH BO3AyXa OT 3arps3HSIOIINX BEIIECTB.
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AHHOTAIHSA

UccnenoBanusiMu yctanoBieHa 3(()EKTHBHOCTh MPOM3BOJACTBA Msica TyCeid, Mpu
CKapMJTMBAaHWH UM PA3JIMYHBIX JO3UPOBOK KOPMOBOHM M00aBku BurammuH. MakcuManbHBII
YpOBEHb PEHTA0ETHHOCTH MPOU3BOJCTBA TYCHHOrO Msica OBUI TMONy4YeH B TpYyIIe,
noTpebsBIIel KOPpMOBYIO 100aBKy ButamMmmuH B 103upoBke 0,5 MII/IT BOJIBI.

KiamoueBble ciaoBa: rycara, no6aBka BuTamMMuH, NOpPUPOCT, pacxoa Kopma,
PEHTa0EeTBHOCTbD.

Abstract
Studies have established the effectiveness of goose meat production, when feeding it
various dosages of Vitamin feed supplement. The maximum level of profitability of goose
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meat production was obtained in the group that consumed Vitamin min feed additive in a
dosage of 0.5 ml/l of water.
Keywords: goose, Vitamin additive, increase, feed consumption, profitability.

«OCHOBHBIMM ~ OWOJIOTUYECKHM AaKTUBHBIMHM BEIIECTBAMH, HEOOXOAUMBIMU  JIs
HOpPMAJIbHON JKU3HENEATEIBHOCTH OpraHu3Ma ITHUIBl SBJSIOTCS BUTaMHUHBI. X HemocTaTok
HAaHOCUT CYIIECTBEHHBIM ymiepOd NTHUIEBOACTBY B II€JIOM, MPUBOAS K HapYIICHUIO
OMOXMMHYECKHX MPOIECCOB B KJIETKAaX OpPraHu3Ma, W, CJIeJJOBATeIbHO, K MOP(OIOTUICCKUM
M3MEHEHUSIM B OpPraHax U TKaHsSIX NTULBD [1].

«/171s1 moBBIIEHNs PEHTA0ETHPHOCTH U KOHKYPEHTOCIIOCOOHOCTH OTPACId POCCUHCKOTO
NTHUIEBOJICTBA, CHIDKEHUS BCEX 3aTpar TpeOyeTcs BHEAPEHHE HOBBIX HayYHO OOOCHOBAaHHBIX
TEXHOJIOTHYECKUX TPUEMOB MPOU3BOJICTBA, CIIOCOOCTBYIONIUX YKOHOMHH 3aTpaT KOPMOB U
JIPYTUX PECYPCOB, a TAKKE YBEIUYCHHUIO TPOU3BOACTBA BHICOKOKAUYE€CTBEHHOT'O IKOJIOTHUECKHU
0€30MacHOTO MTUYBEr0 MsICa, PACIIUPEHUS ACCOPTUMEHTA MTULIEBOTYECKON MPOAYKIIMI» [2 —
14].

buonoruueckn akTHUBHBIE BELIECTBA SIBJIAIOTCS OJHUM M3 BaXHEUIIUX (HaKTOPOB,
BIUSIONIMX Ha MPOMYyKTUBHBIE KauecTBa M 3alllUTHbIE MeEXaHM3Mbl OTHUIBL [Ipu 3TOM
Ba)KHEHIIIEe MECTO OTBOAUTCS BUTamMHHAM. OOMEH BUTaMHHOB B OpPraHWU3ME HE SIBIISCTCS
CTaOMIBHBIM W 3aBUCUT OT BHJA NTHIBI, KpOCCa, BO3pacTa, MPOAYKTHBHOCTH, YCIIOBUH
collepKaHus, CTpecc-(haKTOpOB, COUYCTAHUS NUTATEIBHBIX BEIIECTB W BUTAMHUHOB B
KoMOuKopMax u aAp. Kaxaelii U3 mepeyucieHHbIX (aKTOPOB MOXKET H3MEHSTh CTENEHb
UCIIOJIb30BaHUSl BUTAMUHOB U BIUSATH HA 300T€XHUYECKHE ITOKA3aTeNId U UMMYHHYIO CUCTEMY
opraHu3ma NTUIBL. B CBS3M ¢ 3TUM HCIOJIb30BaHUE BUTAMHUHHON KOPMOM 100aBku ButamMmmuH
JUTSI MOJIOTHSIKA TYCEH SIBIISIETCS aKTyaJIbHBIM M UMEET TIPAKTHUECKOE 3HAYCHHUE.

B nayuHbIX HCClIeIOBaHMAX Ba)KHA OLEHKA HE TOJBKO 300TEXHUYECKUX IMOKa3aTesien
UCIIONIb30BaHUsI KOPMOBBIX JOOABOK, HO M SKOHOMHYECKHI aHAIH3.

Hccnenoanus BeimonHeHsl Ha 0a3ze KOX «IlomoB C.H.» IllymuxumHCKOTO paiioHa,
Kypranckoit o6mactu. Oneir npoBenu Ha 1500 rycstax, pasneneHHbIX B 3 rpymbsl. Cpok
BbIpamyBanus 60 cyTok. BelpamuBanue MonoAHsKa ryceid ObLIO MPOBEAECHO B JBa MEpUOJA:
craptoBeiii (¢ 1 mo 3 Hemenmo) m ¢uHMmHBIA (¢ 4 mo 9 Henmemo). MonoaHSK rycei
KOHTPOJIBHOM TpyIIbl KOPMWIN C HcIoib30BaHueM komOukopma IIK-31 (¢ 1 mo 3 nenmenro
BeipamuBanus) u [1K-32 (¢ 4 mo 9 Henento BoIpanBanus); | ONBITHOW JOMOIHUTEIHFHO BBEIH
nob6aBky Burammun B mo3e 0,2 mur/inm Bombl; a 2 ombiTHOM —0,5 Mi/m Boabl. IlonydeHHBIN B
ombITax HU(POBON MaTepuan MOABEPTIN OMOMETpHUUEecKOi 00paboTKe ¢ UCIOIb30BAHUEM
nporpammbl Microsoft Excel [15].

B 3aBeprienun skcriepuMeHTa OBLUTH MPOBEJCHBI PAacUeThl HEKOTOPHIX YIKOHOMHYECKUX
rokazaresei, XapakTepu3yrmux >(PGEeKTUBHOCTh MCIOIB30BAHUSA PA3IUYHBIX JT03UPOBOK
UCTIBITYeMO 100aBku ButaMmuH i rycaT (Tabnuma).

CoxpaHHOCTb MOJIOJHSIKA Tyced 3a MepHoj] OmbiTa B KOHTPOJIBHOW Tpymme Oblia
MEHbBIIe, B cpaBHEHHMH ¢ ombITHBIM Ha 4,60 u 8,20 %. OOmmii pacxox KOMOWMKOpMa B
KOHTPOJILHOM Tpymime Obul MeHbIlle, 4eM B 1 omnbiTHOM Ha 7,12 %, Bo 2 onbITHOM — Ha 12,41
%, a pacxom kopMa Ha | TONOBY B KOHTpose ObUT MeHbile — Ha 1,73 m 2,71 %
coOTBeTCTBeHHO. Pacxos kopma Ha 1 kr mpupocTa B 1 ¥ 2 OMBITHBIX TPYMITax ObUT MEHBIIIE HA
0,89 u 1,15 %, yem B KOHTposbHOH. OOmIas CTOMMOCTh CKOPMJIEHHOTO KOMOHMKOpMa M
KOpMOBO# 106aBku Butammun B 1 onbiTHOM rpynme Ha 8,02 %, Bo 2 onbiTHON — Ha 14,66 %
ObUTH OOJIBIIIE, YeM B KOHTPOJIHHOM.

Tabnuya 1
Dhghexmusrocmv ucnonb308aHUsL KOPMOBOU 000ABKU Bumammun npu npouzeoo0cmee maca
2ycell
IToka3arens [pynret
KOHTpPOJIbHAs lompITHAS 20MbITHAS
[TorosioBbe rycsT B Haualle BbIpalMBaHUsL, TOJI. 500 500 500
CoxpaHHOCTB TyCAT, % 86,80 91,40 95,00
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O6mmii pacxoa Kopma, KT 5480,0 5870,0 6160,0
Pacxon kopma Ha 1 ronoBy, Kr 12,63 12,84 12,97
CroumocTh | T KOMOHKOpMa, pyO. 17300 17300 17300
OO01as cTouMOCTh KOPMOB U JI00aBOK, ThIC. PyO. 94,80 102,41 108,71
Oo6muuit pacxoy nobaBku ButammuH, 11 0,00 1,00 2,50
OO011ast crouMocTb 100aBku BurammuH, pyo0. 0,00 855,00 2137,50
[Mpupocr xuBoit Macchl 1 TOMOBBL, T 3408,8 3498,8 3541,8
Pacxon kopma Ha 1 Kr mpupocra, K& 3,70 3,67 3,66
OO0t MPUPOCT KUBOW MaCChI, KT 1479,42 1598,95 1682,36
Brixon notporeHo# Tymku, % 58,14 59,14 59,48
Bbixos Msica B MOTPOILIEHOM BHJIE, KT 879,87 966,76 1022,76
CromMocCTh peanmuzanuu 1 xr msca, pyo. 350,00 350,00 350,00
Bhipyuka oT peanu3aiin Msica B IOTPOILIEHOM BHJIE, 307.95 33836 35797
TBIC.pYO. ' ' '
OO01ue 3aTparthl, THIC.pYO. 284,40 298,81 306,31
[IpubBLIH OT peanu3anuy Msica NTHIEL, THIC.pYO. 23,55 39,56 51,66
PenrabennHoCTh, % 8,28 13,24 16,87

Macca ryceHka B KOHIIE BBIPAIIMBAHUSI B KOHTPOJIBHOW IpymIe Oblia MEHBIIE, YEM B
onbITHBIX Ha 2,58 u 3,81 %. IIpupocT kuBoil Maccel 1 royioBel B 1 onbITHON Ipynme ryceu
ObL1 OoJbIle, YeM B KOHTpoJe Ha 2,64 %, a Bo 2 onbiTHOM — Ha 3,90 %. OGmumii npupoct
KHBOH Macchl BCETO MOTO0JIOBbS BBIPAILEHHBIX I'yCcell KOHTPOJIBbHOM rpynmsl O6bu1 Ha 8,08 %
MeHbIe, yeM B 1 ombiTHOM, W Ha 13,72 %, wem Bo 2 ombiTHOHM rpymme. [lo BeIxomy
HOTPOIICHON TYLIKH I'ycATa KOHTPOJIBHOM Ipymnibl OblIM MeHbIle onbITHRIX Ha 1,00 u 1,34 %.
Bbonbiiee konu4yecTBO Msica Iryceil B MOTPOIIEHOM BHJI€ ObUIO MOJIYYEHO OT MTHUIBI ONBITHBIX
IpyII 10 CPAaBHEHUIO ¢ KOHTpoJsieM: B 1 onbiTHOM Ha 9,88 %, BO 2 onbITHOM — Ha 16,24 %.

OO6mue 3aTpaThl Ha BBIPALMBAHUE NTHUIBI ObLIN OOJbIIE B OMBITHBIX TPYyIIax, MO
CpaBHEHMIO C KOHTpoJbHOU Ha 5,06 u 7,70 %. Ilpubbimm OT peanmu3anuu Msica NTHIIBI,
BBIPAIIEHHON B KOHTPOJILHOW TPyIIe, ObUIO MOyd4eHO MeHbIe, yeM B | ombITHOM Ha 16,01
THIC.p., @ BO 2 ombITHOW — Ha 28,11 ThIC.p. YpoBeHb peHTAOEIBHOCTH IPOU3BOJICTBA Msca
ryceil B KOHTpoJie cocTaBuil 8,28 %, 4TO MEHbIIE B CPAaBHEHUHU C ONBITHBIMU IPYIIIaMU Ha
4,96 u 8,59 % COOTBETCTBEHHO.

Takum 00pa3oM, UCHIOIB30BAaHUE B KOPMIIEHHUHU T'yceil KopMOBOH n100aBku BuramMmuH
B no3upoBke 0,5 MII/T BOABI CHOCOOCTBOBAJIO CHMXKEHMIO PACXOofa KOpMa Ha eIUHUILY
IPOAYKIMH, YBEJIMUEHUIO COXPAHHOCTH MTOT0JIOBbS, IPUPOCTA )KUBOW MAcCChl U IPUOBLIY.
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AHHOTAIUSA

CenbCKOXO3AWCTBEHHbIE JKMBOTHbIE M MTHUIA HE CIOCOOHBI MPOXYyLMPOBATH
SHIOTCHHYIO (UTa3y, TaKWe MHUHEPAIbHBIE BEIIECTBA, Kak (pochop, KablHii, a TakKe OSIKU
U JIpyrue CBs3aHHblEe ¢ (PUTUHOBOM KHUCIOTOM NMUTATENIbHBbIE BEIIECTBA, CTAHOBATCS MEHEe
JOCTYNHBL. B cBs3u ¢ 3THM, A Gojiee MOJIHOTO HCIOJIB30BAHUS THTATENBFHBIX BEIIECTB
KOPMOB, 11€JIeCO00pa3HbIM  SIBISETCS MUCIOJIb30BaHME MHKpPOOHOH (¢uTaspl. CoryiacHo
MOJTYYSHHBIM JTAHHBIM TI0 COJICPKAHUIO0 MAaKPO-, MUKPO3JIEMEHTOB B KOCTHON TKAaHH ONBITHON
NTHILIBI, OTMEYAETCs, YTO KaK BBEJECHHE B KOPMa IIBIILIAT-OPONHIepOB MUHEPAIBHBIX BELIECTB
B BHUJIC TIPEMHUKCOB, TaK M J00aBJIEHHE B PallMOH (UTa3bl B KOJUUECTBE | MIIH.eJl. HA TOHHY
KopMa 0e3 MHHepaJbHbIX 100aBOK OTMeyaeTcss HMHTeHCcH(UKanus oOpa3oBaHUs KOCTHOM
TKaHH.

KiarueBble ciaoBa: mnruna, ¢urasa, MUHEpalbHble JJ100aBKHM, KOCTHas TKaHb,
OCTHOTEHE3.

Abstract

Farm animals and poultry are unable to produce endogenous phytase, and minerals
such as phosphorus, calcium, proteins and other phytic acid-related nutrients are becoming
less available. In this regard, for a more complete use of feed nutrients, it is advisable to use
microbial phytase. According to the data obtained on the content of macro-, microelements in
the bone tissue of the experimental bird, it is noted that both the introduction of mineral
substances in the feed of broilers in the form of premixes and the addition of phytase to the
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diet in the amount of 1 million units. per ton of feed without mineral supplements, an
intensification of bone tissue formation is noted.
Keywords: poultry, phytase, mineral supplements, bone tissue, ostiogenesis.

AKTYaJIbHOCTh TeMbl. [ ITUIIEBOACTBO - 3TO Ba)Hask OTPACIIb CEIbCKOXO035HCTBEHHOTO
NPOM3BOJICTBA, KOTOpasi OTIMYACTCS IWHAMHYHOCTBHIO BBIPAIMBAHUS NTHILBI M OBICTPOTON
MOJIyYeHHUsT NPOAYKIHMH. B CBSI3M C 3TuUM, BeAyTCS aKTUBHBIE MMOMCKHM HOBBIX J00ABOK K
KOpMaM, KOTOpPbIE MOTYT YBEIUYUTh A(PPEKTUBHOCTH HCIIOJIB30BAHUS NTHIEH BEIIECTB
parmona [3, 8]. B mrumeBoxacTBe ocoboe BHUMaHHME YACNISACTCS MHHEPAILHOMY IHUTAHUIO
nTuibl. OCHOBY pallMOHa NTHULBI COCTABISIOT KOMIOHEHTHI PACTUTEIBHOIO MPOUCXO0XKICHUS
[5, 9]. U3BecTHO, YTO B KOpMax pPacTUTEIHHOTO MPOUCXOXKACHHUS (ochop COIEPKHUTCS B
dopme (DUTHHOBOM KHUCIOTHI M €€ coyield (UTATOB, KOTOPHIE PACIICIUISIOTCS B IKEIyJKe.
®uTHHOBas KUCIIOTa 00pa3yeT c1abopacTBOPUMBIE COJM C KATHOHAMHU METaJUIOB, OCOOCHHO
KaJIbLIUsl, LIMHKA, MarHus, meau u jp. dOutuHOBas KUCIOTa o0pa3yeT KOMIUIEKCHBIC
COeIMHEHHUsI ¢ OelKaMu, B TOM YHCJIE C TaKUMU HPOTEOJUTHUYECKUMHU (epMEHTaMU, Kak
nencuH u TpuncuH. Kak cuHTe3, Tak W TUAPOIN3 (UTUHOBOW KHCIOTHI B OpPTaHH3ME
ocymecTBisieTcs 3a cueT epmenta durasa [1, 4, 7]. epment puraza — 310 cnenuduUecKuit
(depMeHT pacTeHUH U MUKPOOPTaHU3MOB, KOTOPBI NTHIIA HE MOXKET CHHTE3UpoBaTh. durasza
crocoOHa pacmervisaTh GUTHHOBBIE coequHEHUss — (uTaThl, 0cBOOOXIass Ghochop, KOTOphIe
IIOTOM JIETKO BCACBIBAETCS B OpraHu3Me. BciencTBue TOro, 4To CelbCKOXO3SIIICTBEHHbBIE
YKUBOTHBIE U MITUIA HE CLIOCOOHBI MPOAYLIUPOBATH SHIAOTECHHYIO (UTa3y, TAKHME MUHEPAIbHbBIE
BeliecTBa, Kak (ocdop, KampLuil, a Takxke OCIKM M APYrue CBsA3aHHBIE C (UTHHOBOU
KHUCJIOTOM NMUTATENbHbIEC BEIIECTBA, CTAHOBITCS MEHEe AOCTYNHBI. B cBsi3u ¢ 3TuM, Ais Gosnee
MOJTHOTO HUCIIOJIb30BAaHUSl THTATENIbHBIX BEIIECTB KOPMOB, LEJIECOOOpa3HBIM SIBISETCS
HCITI0JIb30BaHNE MUKPOOHOH (pruTa3el. ITO Aenaer Oosiee JOCTYIHBIM Kalnblui, Gochop, TuHK
U MeJllb, YJIy4YIaeTcsi MEepeBapUMOCTh KOpMa, a BMECTE C TEM IPUPOCT >KUBOW MaccChl.
O} PexTUBHOCTh HCIONB30BaHNUA MUKPOOHOH (PpUTa3bl 3aBUCUT OT COCTaBa pallMOHA, 03B,
COOTHOIIIEHUSI B panuoHe Kaiblus M (ocdopa (Ca:P), obecnieuennoctn BuTamMuHoM D3,
BO3pacTa U TCHETHYECKUX 0COOCHHOCTEH NTHUIlbI [2, 3].

I'ucronoruueckue HCCIEIOBAHUS ONOPHO-TPO(UYECKONH CHCTEMBI, W OCOOEHHO
KOCTHOU TKaHH, TIO3BOJISIT HA OCHOBE MHUKPOCTPYKTYPHI OLIEHUTh MPOUCXOASIINE B OpTaHU3ME
NITUIl U3BMEHEHUSI MUHEpabHOTO oOMeHa [6, 10].

Takum oOpa3oM, UCHOIB30BaHWE B THTAHUU CEJIILCKOXO3SHCTBEHHOW MTHIIBI
MHUKPODJIEMEHTOB B COYETaHHM C MHUKPOOHOW (pHTa30#, SBIAETCS aKTyalbHBIM H
MEPCIIEKTUBHBIM HApaBICHUEM.

Henablo manHOW paboOTHl SBISUIOCH M3YYCHHE BIUSHHS (UTAa3bl HA MUHEPAIbHBINA
COCTaB KOCTHOM TKaHU U €r0 MOP(OJIOTUUECKYIO CTPYKTYPY.

MarepuaJjbl 1 MeTObI HCCJIEIOBAHMI.

st mpoBenenust onbita B BuBapuu OHI « BHUTUID» PAH na upimusitax-0poitnepax
kpocca cenekiuu CI'T] "Cwmena 8" meronom aHanoroB ObUTH cOPMHUPOBAHBI TPU TPYIIIBI
CYTOYHBIX IBIIUIAT, MO 35 rojoB B Kaxaoil. LIpImiATa KOHTPOJIBHOW TPYIIBI MOJyYaan
cOamaHCUPOBAaHHBIE IO TMHTATEIBHOCTH TOJHOPAIIMOHHBIE KOMOMKOpPMa KYKYypy3HO-
NIIEHUYHOTO THUMa, C J00aBleHHEM B HHUX HEOPraHMYEeCKHX (OpM MHMKPOIIEMEHTOB
MIPEMUKCOB B COOTBETCTBMM C TPUHATHIMU TapaHTUMHBIMU HOpMmamu. llpimisra BTOpOI
TpyNIObl TMOJy4add AaHAJOTWYHbIE KOHTPOJIO IO MUTATEJIbHOCTH KOMOMKOpMa, HO 0e3
BKIIIOUEHUSI B HUX MHUKPOIJIEMEHTOB MPEMHUKCOB. bpoiiepbl TpeThell Tpynmbl MOTPEOIIsIn
KoMOuKopMa co cHkeHHbIM 10 0,34-0,33% ypoBHem noctynHoro docdopa, 6e3 106aBok
MHUKPORJIEMEHTOB MPEMHKCA, HO C BKIIFOYEHHEM B KOMOUKopM | MiH. ex./T ¢puTassl. Lpimuara
HaxOJIWJTUCh B DKCIIEPUMEHTAJILHON KJIeTOYHOW Oatapee P-15, ycnoBusi comepxaHus |
KOPMJICHMSI NOTHIBl COOTBETCTBOBAIM  CYINECTBYIOIUMM pekoMeHnauusasm BHUTHIL
Copepxanue pplOHOM MykH B KOMOUKOpMe coctaBiisiio 6,0% c 1-21 cytok u 4,5% c¢ 22 no 35
CYTOK, ypoBeHb noctynHoro gochopa nocruran 0,43-0,42% (tadbnuna 1).
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B koHIIe ombITa ¢ Ka)XA0W OMBITHON TPYIIIBI IBITUIAT-OpOisIepoB O0TOMpanoch mo 15
METYIIKOB, POBOIMIICS UX YOOI 1 0TOOp OPraHOB U TKAHEH NS MCCIIEOBAHUN.

Tabnuya 1
Kopmnenue yviniam onvimmusix epynn
Ne KonunuectBo
I'pynna XapakTepucTUKa KOPMJICHHUS
TPYIIIBI rOJIOB
OCHOBHOM paIoH ¢ 100aBIeHUEM HEOPTaHHUECKUX GOpM
| KonrponpsHas 35 pall A P Gop
MHUKPORJIEMEHTOB I10 MPUHSATHIM HOPMaM
OCHOBHO¥ paioH 0€e3 100aBIeHNUsS B KOMOHKOPM
| OmnblTHAs 35 pait A P

HEOPraHn4CCKuX (bOpM MUKPOIJIEMCHTOB

OcCHOBHO panuoH 6e3 700aBIeHUs HEOPTAaHMIECKUX (HOpM
Il OnbITHasA 35 MHKPO?JIEMEHTOB, HO C J100aBJieHHEM B KOMOMKOPM
¢uraspl, | MIIH.ell Ha TOHHY.

B nmanHO# paboTe MpUBOIATCS pe3yJbTaThl aHAJIH3a OTOOPAaHHBIX 00pa3I0B KOCTHOM
TKaHU Ha COJAEp)KaHUE B HUX KanbLus, pocdopa, MUKPOIIEMEHTOB U TSKEJIBIX METAJIOB.
MarepuanoMm JUist OTIPEICTICHUS COJIEPIKAHHS TSKEIBIX METAJIOB, MAKPO- M MHUKPO3JIEMEHTOB
CIy>)KWJIM TPOOBI OPraHOB M TKAaHEH ONBITHBIX LBIUIAT. s MccinenoBaHUN MPUMEHSIIMCH
METOABI:  (DOTOMETPHUUECKUH,  KOMIUICKCOMETPUYECKHMH W aTOMHO-a0COpOIIMOHHON
crekTpoMeTpuu. ['McTonornyeckue Mcciael0BaHusl KOCTHOW TKaHM OO0JbIIeOeplioBOH KOCTH
IPOBOWIINCH TTOCIIE W3TOTOBIICHHSI MHUKPONPENApaTOB IO CIEIUAIBHOW THUCTOIOTHYECKON
TEXHUKE, KOTOpas 3aKimouanack B (QuKcanuu oToOpaHHoro Matepuana B 10%-HoM
3a0y(depeHHOM HeWTpambHOM (QopMamuHe, ¢ TOCIEAYIOMIeH IeKaTblIMHAIIMEH KOCTEeH B
9JIEKTPOJIMTHOM JIEKAJBIIMHUPYIOIIEM pacTBOpe Npou3BojcTBa  «buoBuTpymM» M nanee
NIPOBOJIKOM (JIeTHIpaTaIieil) ¢ UCTIONb30BaHUEM MTPOIleccopa 3aMKHYTOTO THITA BAKyYMHOTO
uHpunpTpanonHoro Tissue-Tek VIP 5 Junior (aBTOMaTHuecKkuil aBTOHOMHBIN TKaHEBBIN
npoiieccop). B xonme nukiia mpoBoKu 00pa3IioB TKaHEH MPUOOP MPOU3BOAUT WX (PUKCAIIHIO,
JeTuApaTaluio U UHQUIbTpanuio napapuHoM. /lemapapuHUpOBaHHBIE CPE3bl OKpaIlUBaIU
TeMaTOKCHIIMHOM H 303uHOM. DoTorpadupoBain MUKpOIIpenapaThl Mpyu MOMOITH IU(POBOM
kamepsl MC-3 (USB-2.0) Ne XC1272, kamepst LCMOS03100KRA, KOMITBIOTEpHO#T CUCTEMBI
MCview

Pe3yabTaThl HCCIIEJOBAHUS U UX 00CYKIEeHHE.

CornacHO TONYYEHHBIM pe3yJbTaTaM HCCIEJAOBAHHUS OTMEUYalIoCh HW3MEHEHUE
COJIEpKAaHUS UCCIIEYyEeMbIX MUHEPAJIbHBIX 3JIEMEHTOB Yy NTHII ONBITHBIX rpynn. CoaepikaHue
kanbims, pocdopa, mapranma, xenesa, MeId, IIUHKA, CBUHIIA, KaJAMHS B OOIbIIeOEpIIOBOI
KOCTH Yy UBIIUIAT OpOHIepOB KOHTPOJIBHON M ONBITHBIX I'PYIII NPEACTaBICHbI B TAOIHIIE 2.

Tabnuya 2
Cooeporcanue kanvyus, pocopa, MUKPOINEMEHMOB U MANHCETLIX MEMATIO08 8
bonvbuebepyosoll Kocmu yvinasm-opounepos (6o3pacm 35 oweli)

IToxa3zarens I'pynmer

1-K 11-0 -0
Kansumit, % 17,74 16,64 16,70
Doctop, % 8,64 7,86 8,22
Mapraseri, Mr/kr 0,634 0,333 0,407
XKeneszo, Mr/kr 14,24 11,40 15,72
Menb, MI/Kr 0,161 0,111 0,120
[uHk, MT/KT 17,95 11,09 13,28
CBuHEL, MKI/KT He 00H. HE 00H. He 00H.
Kaamuii, MKI/Kr 0,6 0,3 He 00H.
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W3 mpencraBneHHBIX JaHHBIX BUAHO, YTO IO YPOBHIO Kamblus W ¢ochopa
CYIICCTBEHHBIX Pa3IMUUi, y UBIUIAT-OPOUICPOB HMCCICIYEMbIX TPYII, HE HAOIOAeTCA.
KonnyectBo kanbuus B 00bI1€0EpIIOBOI KOCTH OpOiiIepoB HAXOAMIOCH B peaenax 16,64 —
17,74%, a docdopa 7,86 — 8,64%. Haumensitiee comepkaHue MHUKPOIIIEMEHTOB MapraHiia,
MeIM W IUHKA OBUT0O OTMEUEHO y NTHUIBI BTOPOW TPYMIIBI, IMOJyYaBIIed KOMOMKOpMa 0e3
JIONIOJTHUTEIBHOTO BBEJECHUS B MX COCTaB MHUKPORJIEMEHTOB Ipemukca U 6e3 ¢uraspl. B
TPeThEil TPYIE OMBITHBIX IBIUIAT-OpONIepoB n00aBiIeHHEe B KOMOHMKOpMa ¢urasbl, 0e3
JIOTIOJTHUTEIIPHOTO BKJIIOUEHHSI B HHX MHKPOIJIEMEHTOB CIIOCOOCTBOBAJIO YBEIWYCHUIO
CoJIepKaHusl B KOCTHOM TKaHW mapranna Ha 22,22%, xene3a — Ha 37,89%, menu Ha — 8,10%
u uHKa — Ha 19,74%.

[Tpu MophoMeTpruEeCKOM HCCIIEAOBAHUHM TUCTOCTPYKTYP KOCTHOH TKaHM LIBIILIAT —
OpOIiTIEpOB OIBITHBIX TPYII, HOTPEOJISBIINX KOPMa C Pa3HbIM KOJIMYECTBOM COAEPIKaHUS B
HUX HEOPraHMYECKUX MUHEPAJIbHBIX BEIIECTB, a TAKXKE C J0OaBICHHEM B KOpMa (hUTa3bl,
OTMEUEHBbl U3MEHEHMs. Tak, B KOCTHON TKAaHU UBILISAT MEPBON TPYMNIbl, HAXOISIIMXCS Ha
o01mieM panuoHe ¢ Jo0aBlIeHHEM B HEro MPEeMUKCa Ha OCHOBE HEOPTaHWYECKHUX COeIMHEHHN
MHUKPORJIEMEHTOB, Ha TIPOIOJIEHOM pa3pe3e XOPOIIO BEIPAKEH HEMPSIMON OCTEOTUCTOTEHES, C
pa3BUTHEM KOCTHOW TKaHU Ha MecTe Xpsia (PUCYHOK 1).

m /
Puc 1. Henpsamoti ocmeozenes, MUKPOMOPGOa02Us KOCMHOU MKAHU Yblnaam — opotiiepos 1—oii epynnol 6

6o3pacme 35 OHell, HaX00AWUXCA HA 00WeM payuoHe ¢ 000asNeHUeM 8 He20 MUHEPATLHLIX 8eujecne NPEeMuKcd.
Oxpawiueanue 2eMamoKcuiuHom u 303unom, yeeauuenue npu X100 (A) u npu X400(6).

Ha mnonepeuHoMm cpe3e KOCTM NEpUOCTANbHAs IUIACTUHKA HMEET TUIUYHYIO
BOJIOKHHUCTYIO CTPYKTYpy M IUIOTHO IpuJeraer K KOocTH. TpaOekyisl ry04aTroro BeliecTBa
KOCTH 00pa3oBaHbl IJIOTHO CKOMIIOHOBAaHHBIMHU IJIACTUHKAaMH W 00pa3yloT BapualesbHbIE
JaKyHapHbIE TOJOCTH, BBICTJIIAHHBIE XOPOIIO MPHUJIEraloIIUM 3HI00CTOM. Pacmpenenenue
OCTEOHOB B CTPYKTYpe KOCTHBIX OaJOK pEryyipHO€ ¢ KOHIIEHTPUYECKHMM PUCYHKOM BOKPYT
KOCTHBIX MoJocTed. J[aHHblE M3MEHEHHs COOTBETCBYIOT BO3pPACTy ILBIIUIAT, IMOCTEIIEHHO
(bopMHUPYIO TOCTATOUHO MPOYHBIN KOCTSK.

B kocTHO# TKaHU HBILIAT — OpOIJIEpOB BTOPOU TPyIIIBI (PUCYHOK 2), TOTPEOISIBIITNX
KOpMa OCHOBHOT'O palnoHa 0e3 J00aBlIeHHs] B HETO MUHEPAIbHBIX BEIECTB MPEMHUKCA, Ha
IPOJOJIBLHOM CPE3€ OTMEUAETCS MEHEE MHTEHCHUBHBIHM MPOLIECC HEMPSMOr0 OCTEOIMCTOIeHE3a
B CPaBHEHHH C IBITUIATAMH [IEPBOI TPYTIIIHL.

30Ha CTONOYATOrO W  BAaKyOJIM3UPOBAHHOIO  Xpslla, TMPU OTOM, XOPOIIO
mudhepeHINPYIOTCs, paclpeie]IeHne OCTEOUJIOB M OCTEOMIHBIX TUIACTUHOK PaBHOMEPHOE,
HO aKTUBHOCTH 00pa30BaHMs OCTEOHOB Y IIBIIUIAT 3TOM IPyMIIbI BEIpaxkeHa bosee crnado.
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Pucynox 2. Muxpomopghonozus xocmuou mxanu yvinism — opoiinepos 2 —oii epynnol 6 gospacme 35 Owell,
Haxo0Awuxcs Ha obwem payuone 6e3 000asNIeHUs 8 He20 MUHEPANbHBIX seujecma npemuxca. A - Henpsamot
ocmeoeenes (veen. npu X100) b - Obpazosanue ocmeonos (veen. npu X400) Oxkpawusanue 2eMamoKcuiuHom u
903UHOM.

KocTtabie 6anku ry04aTroro BemlecTBa, MPH 3TOM, TUIHYHOTO cTpoeHus, llepuoct u
9HJOOCT TaKXe IUIOTHO NPUJIETaloT K KOCTHU, KOCTHBIE IIOJIOCTHU 3aIlOJHEHBl KPacHBIM
KOCTHBIM MO3T'OM.

CormacHO MHKPOMOP(]OIOTUIECKHM HCCIIEOBAHUSIM KOCTHOW TKAaHW IIBIILISIT-
OpoiliepoB TpeTbel Tpynmbl (PUCYHOK 3), B KOpMa KOTOPOH HE BBOAMIWCH MPEMHUKCHI, HO
nobaBisiiack  (uraza, B CpPaBHEHMH C [BIUISTAMH BTOPOW TPYMIBI, OTMEYaeTCs
HE3HAUYUTENIbHOE, HO YCUIJIEHHUE Mpoliecca 00pa3oBaHusl KOCTHON TKaHH (OCTEOTMCTOTEHE3a).

Pucynox 3. Muxpomopghonocus kocmnoil mxanu ywinisim — 6poiiepos 3—eil epynnovl 6 6ospacme 35 OHell,
Haxooawuxcsi Ha obuem payuone 6e3 000asIeHUs 8 HE20 MUHEPATbHBIX 8EUeCME NPEMUKCA, HO ¢ 000agIeHUeM
¢dumasvl, 6 konuuecmee 1 man.ed. na monny. A - Henpsmoii ocmeoeenes (ysen. X100), b - [lepuxonopuanvroe
oxocmenenue (ygen. X400). Oxpawusanue 2eMamoKCUIUHOM U 03UHOM.

[lepuocranpHass  mjacTWUHKA  WMEET  THIWYHYIO  BOJIOKHHUCTYIO  CTPYKTYpY.
XOHApPOTEHHBbIE  KJIETKM  HAIXpSAUIHUIB, B  CBSI3M C  HU3MEHEHUEM  TpOoUKH,
T QepeHMpyIoTCs B OCTE00IaCcThl, KOTOpbIE MOJ HAIXPAIIHUIECH auadu3a HAuMHAIOT
MPOAYLUPOBATh PETUKYI0(PHUOPO3HYI0O KOCTHYIO TKaHb, MJET MPOLECC MEPUXOHAPUATBEHOTO
okocTeHeHus1. OcTeo0IacThl HAaYMHAIOT O0pPa30BBIBATH KOHIEHTPHUYECKH PACTIOIO0KECHHBIC
KOCTHbIE IUIACTUHKHU, PAaCHpelesieHHe OCTEOMJIOB M OCTEOMAHBIX IUIACTHHOK pPEryJsipHOE.
KocTaple Oanku ry0uaroro BemiecTBa TakKe THUIHYHOTO cTpoeHms. llepmoct u 3HIOOCT
IJIOTHO MPUJIETAIOT K KOCTH, KOCTHBIE MTOJIOCTH 3aIIOTHEHBI KPACHBIM KOCTHBIM MO3TOM.
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Takum o00pa3oM, COINIacCHO TMOJyYEHHBIM JaHHBIM II0 COJIEPKAaHHIO MaKpo-,
MHUKPORJIEMEHTOB B KOCTHOW TKaHM OIBITHOW MTHUIIBI, OTMEUYAETCs CIEAYyIOIIee: OTCYTCTBHE
IPEMUKCOB B KOMOMKOpMax CHIKAeT 3(PQEKTUBHOCTb HCIOJIb30BAHUS NTULEH BeELIECTB
paimoHa, ocnabnsis MPOIECChl BCACHIBAHMS MUHEPAIbHBIX BEIIECTB, HO J00aBlieHUE
MUKpPOOHOW (hUTa3pl B KOMOMKOpPMa, Jake O€3 BHECEHHS Tyaa MPEMHKCOB, CIIOCOOCTBYET
YCUJICHHIO JTAaHHBIX TPOLIECCOB U 00Jiee MOJHOMY HCHOJIb30BAHUIO MUTATEIBHBIX BELIECTB
KopMa. MopdomeTprudeckre NoKa3aTelnu yKa3blBalOT Ha TO, YTO BBEJIEHHE B KOpMa LIbIIIJIAT-
OpoiiJiepOB MHHEPAIbHBIX BEIIECTB B BUJEC IPEMHKCOB CIIOCOOCTBYIOT HHTEHCH(HKAIMU
o0Opa3oBaHusl KOCTHOM TKaHU. IIpm OTCyTCTBMM K€ B KOpMax IPEMHKCOB, MPOLECCHI
OCTEOTHCTOTeHe3a 3aMeUISAI0TCSl (BTOpasi IpyMia), OCTEOHbI 00pa3yIOTCs BSUIO, UYTO, MOXKET
CKa3aThCsl KaK Ha MPOYHOCTH KOCHOM TKaHH, TaK U HAa CBOEBPEMEHHOCTH €€ 00pa30oBaHMS.
[Ipu umccnenoBaHMM KOCTHOW TKAaHM LBIUIAT TPETbEH TIPYyNIbI, MOTy4aBIIed kKopma 0e3
MHUHEpAJIbHBIX J00aBOK B BHJE IPEMHUKCOB, HO € J00aBJIEHUEM B pPALMOH (UTa3bl B
KoimyecTBe | MIIH.A. Ha TOHHY, OTMEYAeTCsl yCHUJIEHHE Ipolecca oOpa3oBaHMsS KOCTHOU
TKaHU, KOTOpasi MO CTENEHU MHTEHCHBHOCTU CPaBHUMAa C 0Opa30BaHMEM KOCTHOW TKaHH Yy
IBIIUIAT TIEPBOM IPYTIIbI, HAXOAIIEHCS Ha 00IIeM BCKapMIIMBaHUH. BBuay akTUBHOTO pocTta
U yCWJIeHHs] 0OMeHa BELIECTB y LBIIAT-OpOoiiaepoB, NIPUMEHEHHE MUKPOOHOM (huTassl B UX
KOPMJICHUH, TAKHM 00pa3oM, SIBIISIETCS 11€71€CO00pPa3HbIM.
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AHHOTAIHSA

CornacHo TeoOpuH CTPOEHUS BEIECTB, OOLICTIPUHSTHIM MOJIOKEHUEM SIBIISIETCS TO, YTO
CBSI3b MEXAY HUX COCTAaBJSAIOIIMMH YacTAIMU OCYLIECTBISAETCS IOCPEICTBOM XMMHYECKUX
3JIEMEHTOB U 3JIEMEHTapHBIX YaCTHIl, COCTOSIIUX U3 SJEPHO-JIEKTPOHHBIX KOMOHMHaIUi,
bopMupyroLIIUX COOTBETCTBYIOLIUE MOJIEKYJIBI WIn 3JIEMEHTapHbIE 3BEHbS
MaKpOCKONUYecKoro obOpa3oBaHus. CuuTaeTrcs TakKe H3BECTHBIM (aKTOM TO, 4YTO B
3aBUCHMOCTH OT HPUPOABI XMMHYECKOW CBSI3M BELIECTBA IOAPA3LACISIFOTCS HAa HOHHBIE,
METaJUIMYECKUE, KOBAJICHTHBIE, KOOPAMHALMOHHBIE U CYIIPaMOJIEKYJIApHbIE coequHeHus. 1 B
XUMUYECKUX B3aMMOJEHCTBUAX MPU AKTUBALIMK PEATUPYIONIMX BEUIECTB MPOUCXOAUT Pa3phiB
U 00pa30BaHHE HOBBIX XMMHYECKHX CBSI3€H, IJi€ MOCIE 3aBEepIIEHUs MpOoLecca KOITUYECTBO
HYKJIOHOB M DJJIEKTPOHOB OCTA€TCS MOCTOSHHBIM, W TOJBKO W3MEHSETCS CTPYKTYpPHO-
JHEPreTUYECKOE COCTOSAHME CHUCTEeMbl. [Ipy 3TOM IIPOUCXOAMT IepepaclpeeIcHue
3JIEMEHTAPHBIX CTPYKTYPHBIX COCTABJIAIOIIMX C 00pa30BaHUEM HOBBIX CBA3EHM M3 MCXOJHBIX
BEIL[ECTB, KOTOPOE COIIACHO CTPYKTYPHO-3HEPreTUYECKOMY COOTBETCTBHUIO COIPOBOXKAACTCS
C DHEPreTUYECKUMU MPOSBICHUSIMH B BHJIE TEIUIA, CBETA WK APYTUX GOpM Iepeaad SHEPTUu.
OnHako B HayyHBIX TEOpUSAX TNpu OOpa3OBaHMU CBSI3U MPENNOYTCHHE OTHAeTCs
B3aUMOJICVICTBUIO BAJEHTHBIX JJEKTPOHOB C SIPAMH, a IPHUPOAA AIEMEHTAPHBIX MaTepui,
OCYILECTBISIOIMUX DJHEPreTUYECKYIO CBSA3b MEXKAY OJJIEKTPOH-DJIEKTPOHHBIMU U SIIEPHO-
3JIEKTPOHHBIMH CTPYKTYpaMH, U UX Yy4aCTHE B XUMUYECKOW CBSI3M HE YUHTHIBAIOTCS. B cBOO
ouepe]b KapAWHAIbHbIC U3MEHEHUS WHIMBHUAYAJIbHBIX CBOMCTB aTOMOB U MOJIEKYJ IIPH UX
XUMUYECKHX NPEBPAIICHUSIX O3HAYalOT TO, YTO 3a HW3MEHEHUE UX CTPYKTYypHO-
JHEPreTUYECKOr0 COCTOSIHUS ~ OTBEYAIOT OTU  JJIEMEHTAPHBIE MaTEpUM, HAa3BaHHBIE
«3NEMEHTapHBIMU CcyOcTaHIMsIMI». [IpH cTalMOHapHBIX YCIOBUSX MOTEHIUANIbHAS YHEPTHUs
B3aUMOJICUCTBUSA 3apsAI0B SIEPHO-3JIEKTPOHHBIX COCTABISIOIIMX IIEPEXOJUT B KUHETUYECKYIO
SHEPTUI0 <«BJEMEHTapHBIX CyOCTaHIMiID» B BUIAE MyJbCallMii, W yCTaHaBIUBAETCS
JHEPreTUYECKOE M JJIEKTPUYECKOE PABHOBECHE XAPAKTEPU3YIOLICECS OJIEKTPUUYECKON
HEUTpaIbHOCTHIO cucTeMbl. I B HacTosiliel cTraThe paccMaTpUBAaeTCs posib U (puU3ndecKas
OpUPOAa «IJIEMEHTAPHBIX CyOCTaHIMK», MMEIONIMXCS B AaTOMApHOM CTPYKType BEIIECTB.
OCHOBBIBasACh Ha SIJIEPHO-JIEKTPOHHOM CTPOCHUHU BEUIECTB I0JAaraercsi, YT0, HECMOTPS Ha
BCIO CJIOKHOCTb B3aUMOJCHCTBUS MaTEPUH, UX DJIEKTPUUECKUE CBOWCTBA SIBJISAIOTCS OCHOBOM
CO3/IaHMSI MUKPO- MaKpOCKOMUYECKUX 00pa30BaHUM.

KuroueBble  cjoBa:  DHEprusi  CBA3M, Macca, JJCKTPOH,  DJIEMEHTapHBIC
SHEPTOHOCUTEINH, TEIJIOTA, CBET, JUIIOJIb.

Abstract

According to the theory of the substance structure, it is customarily accepted that the
connection between their components is carried out by means of chemical elements and
elementary particles consisting of nuclear-electronic combinations forming the corresponding
molecules or elementary links of macroscopic structure. It is well-known that, depending on
the nature of the chemical bond, substances are divided into ionic, metallic, covalent,
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coordinate and supramolecular compounds. Also in chemical interactions, when reacting
substances are activated, a link opening occurs and new chemical bonds are formed, where
after the process is completed, the number of nucleons and electrons remains constant, and
only the structural and energy state of the system changes. At the same time, the redistribution
of elementary structural components with the new bonding from the initial substances occurs,
which, according to the structural and energy conformity, is accompanied by energy release in
the form of heat, light and other forms. However, in scientific theories, preference is given to
the interaction of valence electrons with nuclei when bonding, but the nature of elementary
matters that carry out the energetic bonding between electron-electronic and nuclear-
electronic structures and their participation in chemical bonding are not taken into account. In
turn, essential changes in the individual properties of atoms and molecules during their
chemical transformations mean that these elementary matters, called “elementary substances”,
are responsible for changing their structural and energy state. Under stationary conditions, the
potential energy of the interaction of nuclear-electronic components charges transforms into
the kinetic energy of “elementary substances” in the form of pulsations. Then an energy and
electrical equilibrium is established, characterized by the electrical neutrality of the system. In
this paper, the role and physical nature of “elementary substances” in the atomic structure are
considered. Based on the nuclear-electronic structure of substances, it is assumed that, despite
the complexity of the matters’ interaction, their electrical properties are the basis of micro-
macroscopic formations development.

Keywords: binding energy, mass, electron, elementary energy carriers, heat, light,
dipole.

BBenenue

OO01ien3BecTHO, MPU XUMUYECKUX B3aUMOJICHCTBUSAX MAaTE€pPHAIbHBIX OOBEKTOB
IPOMCXOIUT MEepepaclpe/ie]ICHne UX COCTABIISIIOIIUX JIEMEHTOB U AJIEMEHTAPHBIX YacTHUI[ B
COOTBETCTBYIOIIHUE MHUKPO- MaKpOCKOMHYeCKHe cTpyKTypsl [1-12]. T.e., 0Opa3yroTcs HOBbIE
BEIIECTBA C XapaKTEPHBIMU CBOWCTBAMU MAaTEpHid, OJHHUM M3 KOTOPBIX sBIsieTCs Macca(m),
ompejensdoomas HUX Mepy uHepuuu. B CcBor ouepenb, OTHOCUTENBHBIN TIOKOW WU
nepeMeIeHle UX BO BPEMEHHU B MPOCTPAHCTBE, XapaKTePHU3YyeTCs TOHATHIHBIM BBIPAKEHHEM
«oHeprusn» (E), u B3aUMOCBSI3b €€ C MacCoi ONpeAeNsieTcss O0IIEeU3BECTHBIMU YPAaBHEHUSIMU B
Buze [1-2]:

E=mgh; E=05mv’ uE =mc?

Jlig 3neMeHTapHbIX YacTHUI] Maccod «Mpy, JBUTAIOUIUXCA CO CKOPOCTBIO CBETA «C»,
SHEprHs OMHUCHIBACTCS Takke ypaBHeHHeM [lnanka E = hv [2,4,6]. CornacHo oOIeNpPHHSTOM
Ne(UHUALIUI SHEPTHH, JAHHOE MOHATHE (POPMYIUPYETCS B BUIE: «IHEP2UA - IMO CKANAPHAS
Quszuueckas — 6eIUUUHA, AGNAOWAACA €OUHOU Mepou pPA3IUYHBIX (OpM O8UICEHUS U
83aUMOOCUCMBUSL Mamepuu, Mepoll nepexooa OBUNCeHUs mamepuu u3z 0OHUX gopm @
opyzue» [13]. Otcroga cremayer, 4To JIFOOBbIE DHEPTETUYECKHE IMPOSIBICHUS TPEICTABIISIOT
TBUXKYIIYIOCS MATEpUI0, a (opmbl nepedayu 3Hepeuu 8 6ude menjiomvl, céema u opyeue
ABIAIOMCA  HAOOpOM — O8udCywuxcs  onemenmapuulx — mameputi.  ClenoBaTeNbHO,
DHEpPreTHYECKUe MPOSBICHUS NPU (PU3HKO-XUMHUUECKHUX MPEBPAIICHUSX BEIIECTB TOBOPST O
HAJIMYUU  «HEKOel JJIeMeHTapHOil MaTepuw» B  SJACPHO-JIEKTPOHHOM  CHCTEME,
00yCTIOBIMBAIOIIYI0 HMX CTPYKTYPHO-DHEPreTHUYECKOe B3aUMOJICHCTBHE, T.€., CBSI3aHHYIO
dbopMy dIE€MEHTapHBIX HOCHUTEJEH TemIoThl, CBeTa U Jpyrux (popm nepemaun sHepruil. U
U3yUeHHE CTPYKTYPHO-3HEPreTHYECKOrO0 COOTBETCTBUSl COCTABISIONIMX 3JEMEHTOB U
OPUPOJIbI UX XUMHUYECKOW CBS3HM, a TAKK€ COBMECTHOE PACCMOTPEHHE CBOMCTB MHKpPO-
MaKpOCKONMYECKHX OOpa3oBaHUi HEOOXOAMMO JUIsl BBISICHEHHS (DyHIAMEHTaIbHBIX
3aKOHOMEPHOCTEHM aToMapHO-MOJIEKYJIIPHOTO CTPOCHUS BellecTB. B cBoro ouepenpb, HaydHO
000CHOBaHHBII TMOJXO/ BBISBICHUS MPHPOABI XUMUYECKON CBSI3U MEXKIY COCTaBISIONTUMU
3JIEMEHTaMU CHUCTEMBI B MEPCIEKTHBE OTKPOIOT BO3MOXKHOCTH IEJICHAIIPABICHHOTO CHHTE3a
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BEIIECTB C 3aJaHHBIMH CBOMCTBAaMH, AKKyMYJIUPOBAHHE U Iepeady DSHEPrUu MEKIY
MaTepUaIbHBIMU OOBEKTAMHU U PAIMOHATFHOTO UCIIOJIb30BAHUS YHEPTETHUECKUX PECYPCOB.

Oobcyxaenne

N3 atoMapHOTO CTpOEHHUs BEIIECTB BBHITEKAET, YTO B UX COCTaB BXOJST OAHU U TE XK€
3JIEKTPOHBI, IPOTOHBI U HEUTPOHBI, KOTOPBIE 110 KOJIUYECTBY U CTPYKTYPHO-I3HEPTE€TUUECKOMY
B3aUMOJICCTBUIO WHIUBUIYAIU3UPYIOT aToMbl [3-12]. DTH aToMbl B BHJAE XUMHUYECKUX
9JIEMEHTOB MEXJy COOOH WM JAPYTUMHU D3JIEeMEHTaMH O00pa3yloT XHUMHUYECKUE CBSI3H,
IPOYHOCTh KOTOPBIX XapaKTEpU3YIOTCS HHEPrUe CBsI3U, U ONPEICIIEHHOE KOJIMYECTBO
XUMHYECKHX 3JIEMEHTOB (POPMUPYIOT — MOJEKYJIbl, KOTOPbIE WHIUBUAYATU3UPYIOT JAHHOE
BeulecTBOo. OJHAKO 10 JaHHBIM HAy4YHOM JIUTEpAaTypbl HE BCE BEIIECTBA HMMEIOT
MOJIEKYJIIPHOE CTPOECHUE U JUJISI PACCMOTPEHHUSI BO B3aMMOCBSI3H MHUKPO- MaKpPOCKOIMYECKUX
CBOICTB MaTepHalIbHbIX OOpa30BaHMI HCIOJB3YIOTCA pa3iuyHble TepMUHBL. W naHHOE
obcrosTenscTBO B [14], oTMmedaercs cienyromuM obpa3zoMm: «OIHUM H3 OTPHIATEIIBHBIX
Pe3yJIbTaTOB CO3JAaBIIETOCs MOJIOKEHUS SIBISIETCS OTCYTCTBHE Ha CErOJHs CTPOrO Hay4HOH U
oOmenpuHATON GopMyIHPOBKH (ACHUHULIMKM) U3y9aeMOT0 B 3TOW HaykKe. DTOT IedyaabHbIA
BBIBOJ] MOJTBEPXKAACTCSI, B TOM YHCIE U T€M, YTO Ojaronmaps pa3apoOJEeHHOCTH XMMHU Ha
MHO>KECTBO «OTAENBHBIX)» JAUCLUUIUIMH, pa3Hble aBTOPbl B KayecTBEe Ba)KHEHIIEro 0a3ncHOro
(GyHIaMEHTAIBHOTO TOHSTHUS HCIIOJNB3YIOT PAa3JIMYHBIC €r0 BAPUAHTHI, THUIA «XUMHUYECKHMA
UHIUBUI», «MOJIEKYJIa», «XUMHYECKOE COCIMHEHHE» U «XUMHUYECKOE BELIECTBO».
JleiicTBUTENEHO, PE3yJbTAaThl HUCCIEAYEMBIX TMOJIOKEHUH W (OPMUPOBAHUE peaTbHON
KAPTUHBI 3aBUCAT OT TOUHOCTH IPEACTaBICHUS pacCMaTPpUBAEMOI0 MpeaAMeTa Uilu Ipoliecca.
W nnst onucanus HAaMMEHBIIEH YaCTHUIIBI BEIIECTB, COXPAHSIONIUX UX XMMUYECKHUE CBOMCTBA C
Y4ETOM MOJIEKYJISIPHOI'O U HEMOJIEKYJIIPHOTO CTPOEHHUS, aHAJIM3UPOBaHa JIaHHAs JINTepaTypa
[3-12,16-23], u Hamu mpeIoKEeHA NCPUHUIUS «XHUMUYECKOT0 HHIMBHIA» C YYCTOM
IPUPOIBI CBSI3U COCTABIISIONINX deMeHToB [15-16]:

— «XUMUYECKUNA WHAUBUI) TMPEACTABISAET DSJIEMEHTAPHYIO SYEHKy peleTKd
KOHJICHCUPOBAaHHOTO BEIIECTBA WJIM MUHUMAJIBHYIO TPYNIY «XUMHUYECKHUX
3JIEMEHTOBY»,  CBA3AaHHBIX B  BHJAE  XUMHUYECKOH, METAJUIMYECKOM,
KOOPJMHALIMOHHON M MEXMOJIEKYJIIPHON CBSI3€M, KOTOPBIE COOTBETCTBYIOT
3JIEMEHTAapHBIM 3BEHBSIM MAaKpPOCKONMYECKOHM CHCTEMBI, ONpPEAeIsoIen
XUMHYECKHE CBOMCTBAY.

B Teopunm «BaneHTHBIX cBs3ei» 00pazoBaHHE XUMHUYECKOW CBS3H OOBACHSAETCS
B3aUMOJICICTBUEM BHEHIHUX (BaJIGHTHBIX) OJJICKTPOHOB, YJEPKUBAEMBIX IOJIOKUTEIHHO
3apsDKCHHBIMH  IIpaMU. A B MeTojAe MOJCKYJSIpHBIX opbOutaneii (MMO) oOpa3oBaHue
XUMHUYECKON CBSI3M paccMaTpHUBAETCs JTUHEWHOW KoMmMOmHammed atoMmHbIX opoutaneir (AO),
KOTOpbIe (hOpMHUPYIOT MOJeKylsapHble opoutanu (MO), rie 3MeKTpoHbl Ha MOJEKYJISIPHBIX
OpOMTAIISAX pacloJaraloTcs B COOTBETCTBUU ¢ nMpuHumnoM [laynu u npasunom XyHaa.

[To oOmenpPUHATHIM MONOXKEHHUSIM, 00pa30BaHNE XUMHUUECKON CBSI3U OOBIYHO OTHOCST
K 0000IIECTBICHNIO BAaJICHTHBIX JIEKTPOHOB aTOMOB C YMEHBIICHHEM DHEPTrUU CHCTEMBI IO
CPaBHEHHMIO C HCXOJHBIMH aTOMapHBIMH cocTosHusAMU. B [3] mpemmaraetcs «G-teopus
XUMUYECKON CBSI3M», OCHOBAHHAs HA BBIUTPHINIE SHEPTUM B COOTBETCTBUHU CTPYKTYpPHO-
SHEPreTHUYECKOr0 pAaCIOJIOKEHUs SAIEPHO-3JEKTPOHHOM cuctemsl. llutupyem aBTOpa:
«BBIUTPHIIT B 9HEPrUM OOYCIIOBIEH TEM, YTO YHEPTHUS AIEKTPOHA B aTOME MPOMOPIIHOHAIBHA
KBazpaty 3apsaa sjapa. Koraa saapa o0beuHSIOTCS, SIEKTPOHBI HAYMHAIOT BPAIIaThCSl BOKPYT
00BEAMHEHHOTO sJipa, 3apsii KOTOPOro ONPEeNseTcs CyMMOM 3apsloB sJep KaXaoro H3
0o0BEAMHEHHBIX aToMOB». [IpuHHMMaeTcs, dYTO Bce B3aUMOJEUCTBUS COCTABIISIOIINX
AJIIEMEHTOB SIBJISIFOTCSL DJIEKTPUYECKMMM, OJIHAKO, HE YKa3blBaeTCs MpUpOJa MaTepui,
00yCIIOBIMBAIONIAS] SHEPTETUUECKYIO CBSI3b.

Kak wu3BecTHO, pacroyioKeHHus 53JIEKTPOHOB B AaTOMHO-MOJIEKYJISIPHBIX OpOUTANISIX
CIOXHBI M O00ECIEeYUBAIOT TPOMATHOE pPa3HOOOpa3re CBOMCTB BEIIECTB: CYIIECTBYIOT
METaJUIbl, TUAJIEKTPUKH, Ta3bl, KUAKOCTH U Kpuctauibl. [lo mpemnoxenuto deitnmanal24],
NMOJIIPU30BAHHbIE  JIEKTPOHbI  SIBJISIOTCS  OTBETCTBEHHBIMHM 32  IIPOUCXOXKJICHHE
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pazHooOpa3usi MaTepUaIbHBIX 00pa30BaHUil, YTO MPU OTCYTCTBUHU ATOI'O CBOMCTBA BCE aTOMBI
B MHpE MMeNu Obl OYCHBb MOXO0XHE CBONCTBA, HE MPUTITUBAIUCH Obl K JAPYTUM aTroMmaw,
o0Opa3yst xumuueckue cBa3u. OTMeyaeTcsi TO, YTO AJIEKTPOH JIETKO OTPBIBAETCS OT CBOETO
sapa Ton JeHcTBUEM (OTOHOB U JPYrUX aToMOB. byayunm wusmydeHHBIM, (OTOH
npeBpauaeTcs B 3JIEKTPOH-TIO3UTPOHHYIO Tapy, KOTOpas aHHUTHIMPYET U MpeBpaliaeTcs B
HOBBI (DOTOH, KOTOpBIA 3aTeM morjoufaercs 3IekTpoHoM. OJHAKO Ha Haml B3I
IpeBpalieHle HeUTpanbHOro (POTOHA B ANEKTPOH-MO3UTPOHHYIO IMapy HE COIIacyeTcsl C
3aKOHOM COXPAHEHHs 3apsja U HE COOTBETCTBYET 3aKOHY COXPAHEHHUS MACChl U IIPEBPALLCHUS
sHepruu. BbruucienHas macca (OTOHA, MCIONB3Ys CIPaBOYHBbIC JaHHbIE HaMu B [25-27],
COCTaBJISIET MPUMEPHO 2.43- 10%kr, a Macca mokost 3JIEKTPOHA 9.1-10°%" kr [28].

B nonb3y orpoMHoi ponau pOTOHOB B CTPYKTYpe BEIIECTB U BIUSHUE UX Ha (PU3MKO-
XUMHUYECKHE CBOWCTBAa paccMarpuBaeTcs B [29]. ABTOp paccmaTpuBaeT (GOTOHBI Kak
cyOBeKThl B (DOPMUPOBAHUM CTPYKTYpPHO-IHEPI€TUYECKOTO COOTBETCTBUS BEIIECTB, OJIHAKO
MHOTHME 3aKJIIOUEHHUS] MMEIOT MoJIeMUYecKuil Xapakrep. Hampumep, yTBepkieHue aBTopa o
TOM, YTO 3JIEKTPOH SIBJISIETCS YaCTHBIM ciiydyaeM (OTOHA, IZle MPOBOAMTCA AaHAJOTHUS ABYX
pa3IUYHbIX CyOCTaHLMM, IIepBasi OTHOCUTCS K 3apsyKEHHOW YacTHUIIE, a BTOpask OTHOCUTCS K
AJIEKTPUYECKHU HEUTPaJIbHOM YacTHUIIE.

W3 xypca ¢u3uMKK W3BECTHO, YTO BOKPYT JIOOOT0 HETOABIKHOTO 3apsiia BO3HHKAET
«QIIEKTPOCTATUYECKOE II0JIE», KOTOPOE HE H3MEHSET CBOMCTB C TEUEHUEM BPEMEHU. OJTO
«moJey» OyIeT IecTBOBaTh Ha JIFOOOW IPYroil dJEKTPUUYECKHUMA 3apsij, KOTOPOe Takxke OyAeT
neiictBoBath Ha nepBblid 3apsa. [lo skcnepumeHTanbHbIM JaHHBIM M. @apages [30]
MPUHUMAETCS, YTO 3apsabl OKPYIKEHbBI «JIEKTPHYECKUM I0JIeM», TIOCPEJCTBOM KOTOPOTO U
ocyuiecTBisieTcs: B3aumoeiictaue. To ects paboTsl Papajes U TEOPETUUECKHE PACCyKICHUS
Makcemna [31] ykaspiBamm Ha TO, 4YTO 3apsabl B3aUMOJCHCTBYIOT JPyr C JPyroMm
IIOCPEACTBOM CBOUX Ioiiell. OHAKO HpuUpooa cunoevix AUHUIL INEKMPUUECKO20 NOJIA, UX
2ycmoma 00 cux nop ocmaemcsa He packpeimoil. B cBowo odepenb, MOTEHIMAIBHBIH
XapakTep OJHEPruM 3apsoB SApa W JJIEKTPOHOB OOYCJIOBIMBAaET JHepPreTuyeckKoe
B3aUMOJEHCTBHE MEXJIy HHUMH, T. €. 3TO O3HAUaeT, YTO «CHJIOBbIe JHUHHUH» 3aps/10B
NPENCTaBISIIOT  JBUXKYIIYIOCS  «HEKYK  MaTepuio». HMcxons H3  3IEKTpUUECKOH
HEUTPaIbHOCTU SIIEPHO-NIEKTPOHHBIX CHUCTEM, KOTOpbIE MO3BOJISIIOT CYAMTH O TOM, 4YTO
JaHHAs  «HeKas  MaTepus»  KOMIICHCHUPYET  Pa3HOCTh  MOTEHIMAJIOB  MEXIY
MPOTUBOMOJIOKHBIMUA 3apsilaMud  OJarojapsi HaJWMYUI0 JAWIONBHONH CTPYKTypel. T.e. B
pe3ylbTaTe Iepexoja MOTeHUHAJbLHOW JHEPruM SACpHO-INEKTPOHHBIX CTPYKTYp B
KHHETHYECKYI0 JHEPIrui0 «HeKOeil MaTepuuw» MPOMCXOAUT UX MYJAbCALUMS TOJSIPHBIMHU
YacTsIMU, M YCTAaHABIMBAETCS JIUHAMUYECKOE pPAaBHOBECHUE MEXAY NOTCHIHAIbHOU U
KMHETUYECKOM JHEPrHsIMH CUCTEMBI, CO37aBasi SJIEKTPUUECKYI0 HEUTpalbHOCTh. Bce 3Tu
JaHHbIE TIO3BOJISIIOT TIOJIaraTh, YTO CBSI3b MEXIY SAEPHO-DJIEKTPOHHBIMH U 3JIEKTPOH-
JNEKTPOHHBIMU OOBEKTaMHU OCYIIECTBISIETCS «HEKOeil MaTepueil», YCIOBHO Ha3bIBaeMOM
«3JIeMEHTApPHOH cyOCcTaHUUei» HMMEKWIIMXCS B aTOMAPHO-MOJIEKYJSIPHON CTPYKType
BEUIECTB, OOYCIIOBIMBAIOLIYIO JHEpreTudeckoe B3aumozeiicTBue. OOHAKO poJb 3THUX
«3JIEMEHTAPHBIX CYOCTAaHUMII» B TEOpUAX XHMHUYECKOH CBSA3U He Yy4YUMbIEAenics.
Hanpumep, mpu B3auMojaeicTBUM aTOMa BOAOPOJA C aTOMaMH KHUCIOPOJa MPOUCXOIUT
nepepacnpesiesieHie COCTaBISIIOIIMX 3JE€MEHTOB M JJIEMEHTapHBIX YacTUIl  SJIEPHO-
9JIEKTPOHHOM CHCTEMBI BOJIOPOAA M KHCIOpPOJA COIJIAaCHO CTPYKTYpPHO-3HEPIreTUYECKOMY
COOTBETCTBUIO «XMMHYECKOTO HWHAMBUAA» BOJbL. [Ipu 3TOM KOJIMYECTBO HYKJIOHOB U
3JIeKTPOHOB B CHCTEME HE H3MEHSETCA, a KOJIUYECTBO «IJIE€MEHTAPHBIX CYOCTAHIUID,
00yCJIOBIMBAIOIIMX JHEPreTUYECKOE B3aUMOJICHCTBUE MEXIY SJIE€PHO-IIIEKTPOHHBIMU
CTPYKTypaMHt, U3MEHSETCS B 3aBHUCHUMOCTH OT OOpa3yIONIMXCS CBSI3€H M DHEPreTHUYECKUX
MPOSIBIICHUI B BUJE TEIUIOTHI, CBETa M Jp. popm mepenau >Hepruii. T.e. B JaHHOM MpHUMEpe
WX KOJIMYECTBO PABHSICTCS YUCTY «3JIeMEHTAPHBIX CyOcTaHIMii», 0Opasyronmx cesazu H-O-
H, wmeoicmonekynsipnuvix  céazeli  800bl U IHMANGNUU  Peakyull 00pa308anusi 800bl.
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CrnemoBaTebHO, MO 3HAYEHUSM HA3BaHHBIX (U3MUECKUX BeNIWYWH (dHeprum cBsizu H-O-,
oumanvnuu peaxyuti - AH) MOXHO KOJMYECTBEHHO XapaKTEPU30BaTh «3IJeMEHTAPHbIE
cyOCTaHIMM», HMMEIOIIMECS B aTOMapHO-MOJEKYJSIPHOW CTpykType BemiecTB. OIHaKO C
YMEHBIIIEHHEM pPa3MEPHOCTH MaTepHalbHBIX OOBEKTOB, BOJTM3M 3HAYCHHUS TPAHMIIBI
noctossHHOU [lmanka, TpynHO cyauTh 0 QopMax M CTPYKTypax MHUKPOOOBEKTOB, KOTOPHIC
OCJIOKHSIFOTCSI C OTCYTCTBUEM HENOCPEICTBEHHBIX HW3MEPUTEIIBHBIX HMHCTPYMEHTOB. U
YUYUTBIBAs B3aHMMOCBSI3AHHOCTb MHMKPO- MAaKpPOCKONHMYECKUX CBOMCTB MaTepHalbHBIX
00BEKTOB, WHIYKTUBHO-JACAYKTHBHBIM XapaKTep TOCISI0BATEIHHOCTH 3aKOHOMEPHOCTEH
CTPYKTYPHO-IHEPTETUUECKOTO COOTBETCTBUSL MX COCTABIISIOLIMX 3JIEMEHTOB, IPUHUMAIOTCS
«1eUHULIMU » SBICHUN W JPyTHe 3aKIIOUEHUsS sl OMHCAaHUs OOBEKTHBHOU pPEaTbHOCTH
paccMaTpuBaeMoil cucteMmbl. B 3TOH CBSI3M, aHAIM3UPYs HAYYHO-IKCIIEPUMEHTAJIbHbBIC
JIaHHbIe, UMeronmecs B juteparype [32-38], MO AIEKTPOMArHUTHBIM XapaKTEPHUCTHKAM,
KOPIYCKYJISIPHO-BOJIHOBBIM CBOMCTBaM 3JIEMEHTAPHBIX YaCTHUII, KTEOPUIl CTPYH», KBAHTOBOM
AJICKTPOJIMHAMHUKNA M JIp., YCJAOBHO TMpefrnosiaraeM (popMajibHyl0 cxemy (GopMupoBaHuUs
CBSI3H «3JIeMeHTapPHbIMH CyOCTAHUMSAMMY, MPEJCTABIISIIOLLY O KOMOMHAIIUH
NMPOTHBOMOJIOKHO 3aPSZKEHHBIX YJIEKTPUYEeCKUX MaTepuii, chopmupoBanusie [Ipuponoii
(puc.1). 1 «3nemeHTapHBIE CYyOCTAHIMI» 00JaIAI0T CICIU(PUISCKUMHU XapaKTEPUCTUKAMU
SHEPTeTHYECKOTO B3aUMOJICHCTBUSI, OOYCIOBIMBAIOIIUMH CBSI3b MEXKIY DSJEKTPOHAMU U
DIIEKTPOH-SJICPHBIMU CUCTEMAMU OJiarofiapsi UX JUIOJBHON CTPYKTYpe M HE SBISIONUMUCS
3JIEKTPOH-TIOZUTPOHHON  mapoi. M3MEHEeHHsI HMCXOOHBIX CTPYKTYPHO-3HEPreTUYECKHUX
COCTOSIHUM XMMHUYECKUX 3JIEMEHTOB MPU UX AKTHBAWMUM IPUBOIAT K IEepepacrpeeCHUI0
«3JIEMEHTAPHBIX CYOCTAHUMID» U BO3HUKHOBEHHUIO 3JJIEKTPHMYECKHX MOTeHNUAJ0B. B
3aBUCHUMOCTH OT PA3HOCTU [OTEHUMAJIOB MEXIY aKTUBHUPOBAHHBIMU XUMHUYECKUMHU
3JIEMEHTaMU MTPOUCXOAMT MepepacipeiesIeHUe dJICKTPOHOB U «IJIEMEHTAPHBIX CYyOCTaHIIUI» C
o0pa3oBaHMEM XHUMHUYECKHX CBSA3€H, KOTOpPOE COMPOBOXKIACTCS  OHEPTeTUUYECKUMHU
MIPOSIBJICHUSIMU B BUJIE TEMJIOTHI, CB€Ta, MATHUTHBIX AIBJIEHUI U Apyrux ¢opMm nepeaayu
JHEPruii, TPHU TIIOCTOSHHOM KOJHMYECTBE DOJIEKTPOHOB M HYKJIOHOB. CredosamenvbHo,
osudicywiell  cunoil NPOMEKAHUA XUMUYECKUX NPeBPAWIeHUIl  S6ISlemcs  USMeHeHUs
KOIUYeCmed «INIeEMEeHMAPHbIX CYOCMAaHyuily 6 cucmeme nooyxicoarouee 603HUKHOGEHUE
INEKMPUYECKUX NOMEHUUAN08 Xumudeckux snemenmos. Kpome TOro, pacronokeHue
«3JIeMEHTAPHbIX CyOCTAaHUMD» B BHUJE JBOMHBIX OJJEKTPUUYECKUX JHIOJIEH MEKIY
DJIGKTPOHAMH PACKPHIBAET (PU3UUCCKUI CMBICII PACIIONIOKCHHS B KKIOW sUciike He Oolee
JIBYX 3JIEKTPOHOB, BbIpaxkatrouiuii npuHuun [laynu [39]. JlanHoe npeanosioxkeHue momMoraer
OOBSCHHUTH IIUPOKUN CIIEKTP (PU3NUYECKHUX SIBJICHUM, U, BO3MOXKHO, CBSI3b MEXTy TPOTOHAMU B
SAIpEe TaKXKE OCYIIECTBISECTCS PACIOJIOKEHHEM <«3JIeMEHTAPHbIX CYOCTAaHUMI» B BHIE
JNBOMHBIX JUMOJEH. BeposTHOCTBIO TaHHOTO BBICKA3BbIBAHMS CIYKUT HEMOCPEIACTBEHHOE
BBIJICIIEHUE TEIUIOTHI, CBETAa WM Y-KBaHTOB[S] MpH SAEpPHBIX NPEBpPAIIEHUAX, TAE€ OTH
SHEPTeTHUECKUE TPOSIBICHUS OCYIIECTBIAIOTCS «3JI€MEHTAPHBIMU CYOCTAHUMAMH» C
Pa3IMYHBIMU 3HAYEHUSMH MyJIbCAIlUH, UMEIOIIUXCS B CTPYKTYPe HYKJIOHOB.

SAIPO 1...BHyTpeHHM
3JIEKTPOH BaJjieHTHBIH BaJjieHTHBIH BuyTpennuii
3JIEKTPOH 1 JIEKTPOH 2 3J1eKTPOoH... AJIPO 2

00 2 0O £ €

«JJjieMeHTapHbIe YJHEPTOHOCUTEIN B BU/I€ IBOMHBIX AUII0JI€i»
PucyHOK ] YCJZO6H0€ cxemamuyeckoe u306pa9fceHue Hepeemuveckozo 63CZMMO()€L7CW£61/!}Z BAJIEHNIHbIX
3]16KI11p0H06 ((SﬂeMeHmaprlMu 9Hepeoyocumeﬂﬂ/wu».
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B3aumoneiictBue  gapa €©  KaXIbIM  AJIEKTPOHOM — TaKXKe  OCYIIECTBIISETCS
«3JIEMEHTAPHBIMH CYOCTAHUUSMMU», TJ€ MOTCHIHUAIBHBIE 3HEPIMHM 3apSDKEHHBIX YaCTHUI
NEPEXOJAT B KUHETUUYECKHE DHEPIHM «IJIEMEHTAPHBIX CyOCTaHUMii» B BHJE IMYyJIbCALUM,
CO3/1aBasi CTOSIYYIO BOJIHY, @ BO BCEH CHUCTEME CO37aBasi KOPIIyCKYJIIPHO-BOJIHOBYIO KapTUHY
MUKPOCKONIUYECKUX O00BEKTOB. B pesynbrare Takoro B3auMMOJCHCTBHUS BaJC€HTHBIX
AJIEKTPOHOB C sIpaMH TIPH OOpPa30BaHMHM XMMHYECKOH CBSI3M KapAWHAIBHO H3MEHSIOTCS
CBOICTBa CUCTEMBI U3-3a U3MEHEHHSI UX CTPYKTYPHO-IHEPTeTUUECKOT'O COCTOSHUSI.

HecMmoTpsi Ha CII0)KHOCTH B3aMMOJECHCTBUS SE€PHO-3JIEKTPOHHON CUCTEMBI aTOMOB,
MPOYHOCTh XMMHUYECKON CBSI3U UX KOJIMYECTBEHHO XapakTepusyercs Gu3nueckoi BeTUUHMHON
CBA3BIBAHUSA - OJHeprueil XUMHUYECKOH CBA3M — IIOCPEICTBOM  <«AJI€eMEHTAPHBIX
cyOCTaHIUID», KOTOpblE MOTYT OBITh pPAaCCUMTaHbl WM OIpPEAENeHbl 3KCIEPUMEHTAIBHO.
[TockonbKy BHeprus XapakTepusyeT Mepy [BHKEHUS MaTEpUidl M, YUMUTHIBAs BEJIUYHMHY
SHEPruu CBSI3U MEXKJIYy XUMUYECKHMMH 3JIEMEHTaMH, MOXHO OINPEICNIUTh Maccy
«3JIeMEHTAPHBIX CyOCTaAHIMI», PEATU3YIOIIUX XUMUYECKYI0 CBsi3b. VCnoyb3ys 3HaUYCHUS
SHEPIHH CBSI3U 00PA30BaHMs MOICKYJI U3 OOIICH3BECTHOTO ypaBHeHus Ditnurreiina E = me’
paccuuTaiM Macchl <«BJEMEHTapHBIX cyOcTaHiui» (Tadna. 1). B kauecTtBe MOJEIBHBIX
COEJIMHEHUI paccMaTpUBalId OOIIEU3BECTHBIE TOMOSIEPHbBIE U TeTepOsAEPHbIE MOJIEKYJIbI C
BEJIMYMHAMU SHEPTUU CBS3H, NIPUBEIACHHBIMU B cripaBouHOM suteparype [40]. s romo- u
TeTEepOSACPHBIX MOJEKYJI, TI€ B CBS3SX YUAaCTBYIOT «S — P»; «p — P»; «SP°- S» U «Sp°- p»
AJIEKTPOHHBIE 00J1aKa, U SHEPTUs Pa3pbiBa CBSI3U HAXOJUTCSI B UHTEPBAJIE 2510 -9.4-10"
Jx. DTUM BeIMYMHAM COOTBETCTBYIOT MAaccChl 2.7-10% - 10.410% xr ,re. MEXTY
XUMHYECKMMH  3JIEMEHTAMU  CBSI3b  OCYILIECTBIISIETCS  ITOCPEJCTBOM  B3aUMOJECHCTBUS
«OJIEMEHTAPHBIX CYOCTAHUMII», XapaKTepU3YIOLUX SHEpruto cBsa3u. W3 nanHepix Tabdm. 1
CJIEyeT, YTO SHEPreTUIECKOe B3aUMOJCHCTBUE MEXKIY aTOMaMH BOJIOPOa MPH 00pa30BaHUU
€ro MOJIEKYJIbl OCYLIECTBIICTCS ABYMS IPOTOHAMHU U JBYMS «S» 3JEKTPOHAMU MOCPEICTBOM
«JIeMeHTapHbIX cyOcTaHumii». IIpouHocTe 00pa30BaHHON CBSI3M XapaKTepusyercs
«QHEeprueH cBs3W» BOJOpoAa U KomruecTBeHHO paBHseTcs 420 k/[k /MOIb UM HA MOJIEKYJTTY:

420-10%6.02-10°°=6.9-10"* Ix
Tabauya 1
Pacuem maccol «anemeHnmaphbx cybcmanyuil» Ha 0OCHO8e dHepUU C8s3U

DHeprus CBsI3u
®parmeHT Macca «31neMeHTapHOoro
Paspuvis cesasu meancoy
MOJIEKYJIbI Ko [monw LDic SHEPrOHOCUTENS», KT
qacmuyamu

H-H 420 6,9-10™ *S-S (9/1eKmponbl) 710
H-H' 252 4,210 Hpom;;;;’i:mpo"' 4,610
H,"-e 15.45B 24.6-10™ MOM;;;’ZZZ;’Z uon= 27.3-10%
H'-e 13.65B 21,8107 IIpomon-snexmpon 242:10%
F-F 154,6 26107 *p- 28107
CI-Cl 242 4,0-10™ ;Epp 4,910
Cl*-e 13.00B 20.8:107 P-DIEKTPOH 23,1107
Br-Br 192 32107 - 3,510%
I-I 150,7 25107 E-E 2710
H-F 564,0 9.410" s-p 10410
H-ClI 430,5 7,110 s-p 7.8:10%°
H-Br 363,6 6,010 sp 6.610%°
H-I 296,8 4910 s-p 5410
CH3-H 426,4 7.1:10™ Sp°-s 7.8:10%°
C,Hs-H 405,5 6.710" sp>-s 7.410%
CHs-F 4514 7510 sp°-p 8.3:10%°
CHs-Cl 338,6 5.6:10™ sp°-p 6.2:10%
CH3-Br 280,1 4610" sp°-p 5.1-10%°
CHa-l 2215 3710 sp°-p 4110

*hopmbl 21eKMPOHHBIX 0O1AKO8.


https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D0%BD%D1%84%D0%B8%D0%B3%D1%83%D1%80%D0%B0%D1%86%D0%B8%D1%8F
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N3 »TUX JaHHBIX  ONPENETsieM  MacCy  ««JIEMEHTAPHBIX CyYOCTAHUMID,
cooTBercTByfomyio 6.9-10"°Jk oHeprum CBA3M MEKIy XHMHYECKHMH 5IEMEHTAMH
BOJIOpOJA:

m=E /c?;
m=6.9-10"°/9-10=7.75-10% xr

st MOJIeKyJIIpHOTO MOHA BOJIOPOJA PHEPrus cBsizu paBHa 252 kJ[>k Monb wid Ha
MOJICKYJISIPHBIN HOH:

E =252:10% 6.02:10%° = 4.18-10™° &

OnpenensieM Maccy «3JIeMEHTApPHBIX CyOCTaHUMil» MEXIy XUMHYECKUMU
AJIEMEHTaMU BOJIOPO/1a, SKBUBAJIEHTHYIO dHEPruu cBsi3u 4.18- 107k

m=4.18-10"% 9-10"°= 4.64-10* kr

AHAJIOTUYHO, TPOTOH U DJIEKTPOH, SBIISIIONIMECS 3apsDKCHHBIMU CyOCTaHLMSIMH,
00pa3yloT HeHTpanbHBI aTOM BOJOPOJa, KOMIEHCHPYS MOTEHIUAIbHBIE YHEPIHH 3apsI0B
MOCPEACTBOM KHHETHUYECKON YHEPTHH «3JI€eMEHTAPHBIX CYyOCTAHIMID» B BUJC IMyJIbCAIIHA,
paBHOI MOTEHIMATy MOHM3AIMK aToMa Bojoposa. [loTeHnnan nonusamnuii atoma BoJopoa
paBeH:

13.6 5B i 13.6 -1.6:10°=21.8- 10 k.

Omnpenensiem HKBHUBAJICHTHYO Mmaccy «3JIeMEeHTAPHBIX cyOcTaHIUIDY,
COOTBETCTBYIOILYIO 21.8-10’19[[>1< SHEPIruM CBS3M MOHU3AIMI aTOMa BOJIOPO/IA:

m=21.810""1x / 9-10°=24.2:10% kr

Jlis pa3pbiBa CBSI3U «S-S» 3JEKTPOHOB Y MOJIEKYJIbI BOAOPOJa HEOOXOAUMBI 3aTpaThl
DHEPIUH, PABHOU 6,9-10°1x, a SHeprus paspbiBa cBasu umona Hp' Ha mpoToH u aTom
BOJIOPOJIa C OJHUM «S» 3JIEKTPOHOM 4,2~10'19I[>K. B cBoro ouepear OTpHIB 3JIEKTPOHA OT
MOJIEKYJISIPHOTO M aTOMAapHOTO BOJIOPOAA, T.€. IOTEHIMAIbI HOHU3AIMM, cOCTaBISIIOT 24.6-10°
19[{}1( u 21,6-10'19I[>K COOTBETCTBEHHO. Pazinuuue Mexy SHEPTUsMU CBSI3M M MOTEHIIUAIAMHU
MOHU3ALMM CBSI3aHO C XapakTEpOM DSHEPreTUYECKOTO B3aUMOJCUCTBUS W MPUPOIOM
MOTEHLMAT CO3JAIONIUX JJIEKTPUYECKUX MaTepuil (Aapo, DJIEKTPOH U Jp.), KOTOpbIE
OTpaXaroTCSI Ha Macce <«3JeMEeHTApPHbIX cyOctaHumii». OnpeneraeHHble  Macchl
«JIeMeHTapHbIX cy0cTaHUMii» Ha OCHOBE pacuera, WCIOJIb3YyS  CIpPaBOYHbBIE
DKCIIEPUMEHTAIIBHBIE JIaHHBIE JHEPIUU CBS3U, COCTABIIIOT 2.0-10% - 9.410% kr u
OJIHO3HAYHO CBHJIETEIBCTBYIOT O XOpOIIEH CXOIMMOCTH HMX B TMpeleiax MOrPernrHOCTH
JKCIEPUMEHTA JJIs TaKOro MopsJKa BeauuuH. He HckiouyaeTcst BEpOSITHOCTh, YTO Macca
9.4-10°% r BBIPAXKAET CYMMY HECKOJIBKUX <«3JeMEeHTAPHBIX cyOcTaHumit», 1.€. 9.4-10°
%.2.010% = 4.7 npubTM3MTENEHO COOTBETCTBYIONIMM JBYM IApaM OTHX YACTHIL
AHaJOTMYHO, HCIONB3YsI TEPMOXUMHYECKHE TaHHbIE HHTANbMUN OOpa3oBaHMsI BOJBI U
TPAAUIIMOHHBIC  BBIYUCIICHUS, OMNpEJACNICHHAass Macca IEePEeHOCUYMKOB  TEIUIOThI  —
«TEIJIOTPOHOBY - cocTaBisieT 2.43-10° 6. 7.510%«r [25-27].

Kak ormeueno M. ®apaneem B [30], He3aBUCHMO OT TEIJIOBOI'O, CBETOBOTO,
XUMUYECKOTO, (hU3HOJOTHUECKOT0, MarHUTHOTO WJIM MEXaHWYECKOTO0 HMCTOYHHKA IHEPTHH,
BCE OHU MOTYT MPOSBISATHCSA B BUAE OJHOTO M TOTO K€ JIEKTpUUECTBa. Brillie mpuBeaeHHAS
nebununus o0 sHepruu u tesuc M. dapazges o03HaAYaAIOT, YTO «TEIUIOTPOHBI», (OTOHBI,
«ONEKTPOMAarHUTHBIE  BOJHBD»Y, «J3JeMEHTAPHbIE CYOCTAHIMH» U Jp. SIBISIFOTCS
AJIEMEHTAPHBIMH HOCHUTEISIMH DSHEPTHM W HMMEIOT OOIIyI0 DJJIEKTPUUYECKYIO  MPHUPOY,
MPOSIBIISIIOLLYIOCA MO-Pa3HOMY B 3aBHCHUMOCTH OT MPOLECCAa M XapakTepa UX JBHKCHHUS.
CnenoBarenbHO, «CHJIOBbIE JIMHUU» B3aUMOJICHCTBUSL  3aps/IOB, Ha3bIBaEMbIC
AJIEKTPUUECKUM TIOJIEM, MIPECTABISAIOT HA0OP «I1eMEeHmMAapHbIX CYOCMAHUUIL), UMEIOUUXCA
6 amomapuou cmpyKmype, TIOCPEIACTBOM KOTOPBIX (OPMHUPYETCS  CTPYKTYpPHO-
DHEPreTHYECKOE COOTBETCTBUE COCTABIISAIONIMX DJIIEMEHTOB MAaTEPHUATbHOTO OOBEKTA.
Heo0xoaumMo 0OTMETUTH, YTO OLIEHKA CBOMCTB MOJIOKUTEIbHBIX MIIM OTPUIATEIBHBIX 3apsI0B
KaK DJIEKTPUIECKUX MAaTEePHil BO3MOXKHA OJ1aro/iapsi COMOCTABICHUI0 X 3IEKTPOYU3NUECKUX
xapakTepucTuk. O60co0IeHHOE PACCMOTPEHNE OJJHUX TMOJOKUTENbHBIX WIH OTPUIATEIBHBIX
3apsioB TpeOyeT aOCTPaKTHOTO TMPEACTABICHUS O TOYEYHOM 3apsifie U 00 ux



JIlendenyuu paseumus HayKy u obpasoeanis -54-

3eKTpocTaTuyeckoM nose. [1ockonbKy, mpu 3TOM OTCYTCTBYIOT CPaBHUTENbHbBIE (U3NUECKUE
BEJIMYUHBI, TO HEBO3MOXKHO OmnpeneanuTb, YTO JaHHAs MaTepusi OTHOCHUTCS K
INNEKMPUYECKOMY 3apA0y, U OUeHUmb IJIeKMmPU4ecKylo cuiy 3apada. B cBow ouepensb,
BO3HMKHOBEHHUE PA3HOCTH JJIEKTPUUECKUX MOTEHIMAJIOB, MOTOK JIEKTPOHOB WUJIU JIBHXKCHHE
JPYTUX 3apsDKEHHBIX JJIEMEHTAPHBIX 4YacTHL[ O3HA4YalOT OTHOCUTEIBHOE pa3J/ielICHUue
NPOTHBOIOJIOXKHBIX 3apsIOB U3 UX JJIEKTPHUYECKH HEUTpalbHbIX KoMOMHauuid. Bcee 3tn
JIAHHbIE MO3BOJISIOT YTBEPXKIAaTh, 4YTO 3JJIEKTPUUYECKOE IMOJIE TOKAa U DJIEKTPOCTATUYECKOE
MoJIe 3apsiioB OOYCIIOBJICHBI «3JI€MEHTAPHBIMU CYOCTAHIUSIMMY TOJISPU30BAHHBIX O]
BO3/ICIICTBMEM W3 BHE HHEPrMH COTJacHO BCEOOUIEro 3aKOHA COXpaHEHHsI MaTepuil u
IIPEBPALLCHNS SHEPTUIL.

Takum o06pazom, uUCxX00s U3 pearbHblX HNONOJCEHUL OKpYJcaowe2o mupa u
OCHOBbLIBAACHL HA  SI0EPHO-DNIEKMPOHHOM CMPOEHUU AMOMO8, COCMOAUWUX U3 3APANCEHHBIX
yacmuy, cuumaem, 4mo HECMOMPsS. HA 6CH0 CIONCHOCMb 63AUMOOEUCEUss Mamepuu ux
9NeKMpudecKue Ce0UCMea AGNAIOMCA  OCHOB0U CO30AHUSL MUKPO- MAKPOCKONUYECKUX
0bpazosanuii.

3mech clieqyeT OTMETUTh, YTO CBOMCTBA MHKPO- MAaKpOCKOMHYECKHX OOpa30BaHUU
OTJIMYAKOTCS OT XapaKTEPUCTHUK MCXOIHBIX COCTaBIIIOIIMX 3JIEMEHTOB, BXOJIALIUX B
KOMOWHAIIMKA W3-32 W3MEHEHUS CTPYKTYPHO-IHEPreTHUECKOro cocrosiHus. Hampumep, B
pe3yJibTaTe B3aUMOJICHCTBUSI METAJUIMYECKOTO HATPHs C XJOPOM 00pa3yeTcsl «XUMUYECKUi
WHJUBU]» XJIOpUJIa HATPHUS, COBEPILICHHO OTIMYAIOIIUNUCS MO CBOMCTBAM OT «XUMHUYECKUX
WHAUBHUIOB» HATPUS U XJIOpA. MO OMHOCUMCA KO 8CeM 00beKmam MamepuaibHo20 Mupa u
ABNAEMCS  AKCUOMOU, 20€e  XApaKmMepucmuKku MUKpPO- MAKPOCKONUYeCKUx o00pa308anuti
OMIUYAIOMCSL OM  CBOUCME UHOUBUOYATNbHBIX COCMABNAIUUX IIEMEHMO8 (INeMEeHMAPHbBIX
yacmuy, 3aps0oé u Op.). JaHHag akcuoma CHpaBeAJIMBa U Uil  «3JI€MEHTAPHBIX
cyOcTaHIUiD, SBISAIOMIMXCS KOMOMHALMEH MPOTHBOIIOIOKHO 3apSKEHHBIX SJICKTPUUECKUX
MaTepui, KOTOpble B CBOOOJAHOM COCTOSSHUM MOTYT NPOSIBISATHCS B BUJIE TEIIOTHI, CBETA U
npyrux ¢hopM nepeaad SHEPTUU.

B mpeapinynmux pabortax, oOCyxkmas co3qaHUE SJEKTPUUECKOTO IMOJIS IMePEMEHHOTO
TOKa, a TAKXE HSHEPreTUYECKUX MPOSBICHUNA NpPU MPOTEKAHHMM XHMHUYECKUX PpEaKIuH,
noJlarajil HaJIUuue <«3JIeKTPOMATrHUTHBLIX MaTepuil» B SJIEPHO-3JIEKTPOHHOU CTPYKTYpeE
BEILECTB, SABJISIIOUIMXCS HOCUTENSIMHU 3Hepruil [41]. DToMy CBUAETEIBCTBOBAJIO BBHIJCICHHE
TEIJIOTHl M CBETa MpPH MPOTEKAHWU DJJIEKTPUUECKOTO TOKa MO MPOBOJHUKY. B ciyuae
MEPEMEHHOTO TOKa PAacXo] BBbIIEJCHHS SHEPTUU B BUJAE TEIUIOTHI U CBETa OOBACHAJICS
BOCIIOJIHEHHEM  «QJICKTPOMAarHUTHOM HHEPrUM» C TOMOIIBI0 CTOPOHHUX CHJI COTJIACHO
BekTopy YMoBa — Ilotintunra [33]. HecmoTpst Ha pasHOOOpa3ue dJaeMEeHTapHBIX HOCHUTENCH
SHEPTruu, TOSBJICHHWE  JJICKTPOMArHUTHOIO  TMOJS  MPOBOJHHUKA TPU  MPOTEKAHUH
3JIEKTPUYECKOTO TOKA, TOK CMEIIEHHE Y JUAJEKTPUKOB, 3JIEKTPOMArHUTHOE H3IIy4YEHUE,
«AJIEKTPOMArHuTHAasl SHEPTHUS» U JIp. YHEPTETUUYECKHUE TIPOSBICHUS] UMEIOT MECTO Onarogaps
HAJTMYHIO <«3JIEMEHTAPHBIX CYOCTAHIUIN) B aTOMApHOHN CTPYKTYpE BEIIECTB.

3akiroueHue

OCHOBBIBasICh Ha SIIEPHO-DJIEKTPOHHOM CTPOSCHHHM aTOMOB MOKHO II0Jarath, 4TO
SHEPreTUUECKOE B3aUMOJCHCTBHE MX B BHJIE XUMHUYECKHUX DJIEMEHTOB  OCYUIECTBIISIETCS
MOCPEJICTBOM  «3JIEMEHTAPHBIX CYOCTAHIUIN», WMEIOIMUXCA B aTOMApHON CTPYKType
BEIIECTB. «JJieMEHTApPHbIe CYOCTAHUMU» SBIAIOTCS KOMOHWHAIMEH MPOTHBOIOJIOXHO
3apsKEHHBIX AJIEKTPUYECKUX MaTepuid, co3gaHHbx [Ipupoaoii, 1 He OTHOCATCS K 3JIEKTPOH-
NMO3UTPOHHOI TIape. AOCTPAKTHO MPUHUMAEMBIE «CHJIOBbIE JHHUM» DJICKTPUUECKOTO MO
3apsAJI0B MPEACTABIAIOT MMOJISIPU30BAHHBIE TYJIbCUPYIOIINE «3JIEeMEHTApPHbIe CyOCTAHIMW,
OCYILIECTBIISIOIINE UX YHEPTETUYECKOE B3aUMOJICUCTBHE.

[Ipy akTHBanMy BEIECTB U U3MEHEHUH KOJIMYECTBA «3JIEMEHTAPHBIX CyOCTAHLUID) B
CHUCTEME, H3MEHSIOTCS SJEKTPUYECKHE MOTEHIMAIbl XUMHUYECKHX 3JIEMEHTOB, KOTOpBIE
SBJISIIOTCSL ABUSKYIIEH CHJION NMPOTEKAHUs XUMHYECKOH peakluil TP COOTBETCTBYIOIIMX
Pa3HOCTAX MOTEHIMANOB. T.€. IPOUCXOAUT BBIJACICHUE WM TOTJIOMICHUE «3JIeMEeHTAPHBIX
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cyOcTaHuMil» B BUJE TEIUIOTHI, CBETa U Ap. (HOpM mepeaaun SHEPTUH, B pe3yJIbTaTe KOTOPOTO
YCTAHABJIMBACTCS CTPYKTYPHO-DHEPTETUUECKOE COOTBETCTBUE CUCTEMBI XapaKTEPHU3yEeMOU
JHeprueil CBSAI3M COCTABISIONIMX JJIEMEHTOB. W HecMOTps Ha BCIO  CIIOXHOCTb
B3aMMOJICUCTBUS MAaTEPUU UX JIEKTPUUECKUE CBOMCTBA SBIIAKOTCS OCHOBOM CO3/aHUS MUKPO-
MaKpOCKOITUYECKUX 00pa30BaHMi.
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AHHOTAIUSA

[lonmyuyeHHBI  penKO3eMENbHBI METaul JIaHTaH B  CBOOOJHOM  COCTOSIHUU
npencTaBisier co0oil cepeOpucTo—Oenblid, TOBOMBRHO MSTKHNA Metaun. I3-3a BBICOKOM
aKTUBHOCTH K aTMOC(EpHOMY KHCIOpPOJLYy M BOJAE KYCKH JIaHTaHa CJEAyeT COXpPaHWUTh B
napaduHe. MeTaJuIMYecKHii JTaHTaH OYEHb XOPOIIO TMPOBOAMT AJIEKTpHUecKuil Tok. [lpm
OOBIYHOM TeMIlepaType pearupyer ¢ BOJOM M KHUCIOTAMH HEOKHMCIMTEISIMM, BBIACISAS
BOJIOPOJI, M 00pa3yeT menoun. MeTauin4eckuid JaHTaH CHIIBHO pearupyeT ¢ HOJA0M U Cepoil.
Bo Bpems ropeHus JaHHbBIM MeTaul B aTMocdepe KHCIOpoJa BBLAEISAIOTCS O0iblIoe
KOJIMYECTBO TEIUIa M 00pa3yloT OKCHIBI, 3TOT Tpolecc m3Mmepsin nupomerpom JIT 8885
(mupometp uHdppakpacuslii ot 50 101300°C). Oxcup 1aHTaHa ABISETCA TBEPIABIM, KPETIKUM U
TYTOIIABKUM coefrHeHueM. OKCHII JaHTaHa CIOCOOHBI COEMUHATHCS C BOJOW M CO37aBaTh
OCHOBaHUSI.

KiroueBble cJjoBa: TropeHHE, BOAOPOJ, TEIUIO, DSHEPrus, IIEJI0Yb, OKCHJBL,
JNEKTPUYECKUHN TOK, MATKUHM, TEXHOTCHHBIE OTXO/bI, AKTUBHBIM METaJll, CUJIBHO PEarupymor,
P30.

Abstract

The resulting rare earth metal lanthanum in a free state is a silvery-white, rather soft
metal. Due to the high activity towards atmospheric oxygen and water, lanthanum pieces
should be kept in paraffin. Metal lanthanum conducts electric current very well. At normal
temperatures, they react with water and acids as non-oxidizing agents, releasing hydrogen and
forming alkalis. Metallic lanthanum reacts strongly with iodine and sulfur. During
combustion, this metal in an oxygen atmosphere releases a large amount of heat and forms
oxides, this process was measured with a DT 8885 pyrometer (infrared pyrometer from 50 to



JIlendenyuu paseumus HayKy u obpasoeanis -57-

1300 ° C). Lanthanum oxide is a solid, strong and refractory compound. Lanthanum oxide is
capable of connect with water and create foundations.

Keywords: combustion, hydrogen, heat, energy, alkali, oxides, electric current, soft,
industrial waste, active metal, react strongly, REE.

BBenenue

B mnacrosimee Bpemsi Ha Tepputopun Kamamkaiickoro CyppMsSHHOTO KOMOHWHATa
(KCK) Keipreckoit PecnyOnuku, UMEIOTCS NECATKH MWIIHOHOB TOHH IMPOMBIIIIICHHBIX
otxonoB [1]. B [2], HamMu uccnenoBaHbl U ONPEAEICHbl XUMUYECKUH COCTAaB TEXHOTECHHBIX
OTXOJIOB, @ UMEHHO IIJIAK HAMAarHMYEHHBIH, IIJIaK B BUC MecKa, (IOTAIMOHHBIN XBOCTOBOM
OTXOJl ¥ IPUPOIHAS TTIMHA KOMOWHATA.

Pe3ynbTaThl CEKTPATBHOTO U PEHTTEHO-(DITyOPECIIEHTHOTO aHallu3a MOKAa3ai, YTo B
texHoreHHoM otxofe KCK, comepkuTcs o4eHb LEHHBIE PEIKO3EMEIbHBIE AJIEMEHTHI Kak
uTTepOuil, UTTpHii, NanTaH, u ckauauii (Ya,Y,La, SC), kpome Toro conmepkarcs TakKe TaKue
IIEHHBIC 3JIEMCHTHl KaK THTaH, BaHAJWH, BoJb(dpaM, HUOOWN, WHIWHN, TepMaHUi, TaJUIUH,
TaHTaJ, MOJMOJEH, CTPOHIMIA, (epMuil, IUPKOHUH, KOOaNsT U np. Hapsny ¢ 3TuM, Hamu
orpezeNieHbl OKCUIbl AJIEMEHTOB MJIi HCIOJB30BaHUS B KAaueCTBE CHIPhS IPOU3BOJCTBA
MOPTJIAH/IIEMEHTA U CTPOUTEIBHBIX MaTepuanioB TexHoreHHbIX 0Tx00B KCK 50-60% S10;;
4-5,6 % AL,03; 4-7% Fe;03; 4-17,5%Ca0; u ap. DTu uccieaoBaHus MPOBOIWIKNCH C IICIIBIO
KOMILJIEKCHOT'O IPUMEHEHUsI TeXHOTreHHbIX 0TX0/10B KCK B pa3inuuHbIX OTpacisix HApOAHOTO
XO35IICTBAa € 1LENbI0 YTWIM3ALUMM TEXHOTCHHBIX OTXOJOB, YJIYUYIIUTh 3KOJIOTUYECKUE
00OCTaHOBKM pEruoHa M CHU3UTh MaTepualbHbIE 3aTpaThl MJisi TMPOU3BOJICTBA HOBOU
MPOIYKIUH.

B cratee [3] paccMOTpeHBI CIOCOOBI M3BICYCHUS PEIKO3EMEITbHBIX 3JIEMEHTOB W3
orxonoB (mwiaka) KCK, st 3TOro wucmosb30Bajioch 3JIEKTPOAKTHUBHUPOBAHHAS BOAA C
nobasnenuem 50%-Hou ceOpHoﬁ KUCJIOThl B KonudecTBe 3-10% B cootnHomenun 1:1(K:T)
npu Ttemmeparype 40-80°C. CopaepkaHue peaKo3eMeNbHBIX 3JEMEHTOB B pacTBOpe
ompezeneHo ¢poromerpuueckium meroaom(7) B cpeae ¢ pH-2,2BHecennem apcenaszo-(111) mpu
JUIMHEe BOJHBI 680 HM IO OTHOIICHHIO K PAcCTBOPY CpPaBHEHHUS, B pe3yibTaTe KOTOPOTO
YCTaHOBJIEHO, YTO CyMMapHasi Macca W3BIEYEHHOIO JIaHTaHa COCTaBiseT 96 wmr/i.
CraHmapTHBIM pPAcTBOp JaHTaHA IPUTOTOBJICHHBIM B MepHOH Kkojbe emkoctd 1000 M
JTUCTUILTUPOBaHHOM Bojie 2,058T tanTaH a30THO- KUCbId 6-BoaHbIN Lay(NO3)3*6H,0.

B cratbe [4-6] uccrieoBaHa TEXHOIOTHS MOJYUYCHUS PEIKO3EMENIbHBIX 3JIEMEHTOB U3
nutaka KCK. HccnenoBanue mnpoBoauioch mnosydeHueM P33, mMeTonoM ocaxieHus c¢
NPUMEHEHHEM HEOPraHMYeCKHX peareHThl ocamuTenei (docdaT aMMOHMS, MarHe3uaabHas
CMECh, XJIOPHUJ OJIOBO, PACTBOP COJISHOM KHCIOTBI) M OC&XJIAlTCAd HOHBI METaJJIOB
(Ba®*Sr¥*Pb**Mg* As** AI**Cr¥*Fe®* Ag Hg?*Ca™).

DKCIEepUMEHTAIBHO HCCIIeIOBaHO u3BiedeHue P3D oT mpumeceil u ompeneneHo
CHEIU(PUIHOCTh OPTaHUYECKHX PEareHTOB OCaTUTENIeH (IUMETHITHIIOKCHM, KyrdepoH, 8-
OKCUXOJIMH) TOCJeIOBaTeIbHBIM MPUMEHEHHEM pPEareHTOB M B pe3ylibTaTe o0pasyeTcs
0Ca/IOK BHYTPUKOMIIJIEKCHOTO COCIMHEHHS METAJUIOB (MarHus, IIMHKA, aJIOMUHUS, KaJMHUs,
MeIH, JKene3a, KoOalbT, HUKeNb H Jp.). lIpakTHyeckd H3Yy4YeHO TOCIeI0BATEIbHOE
N00aBJICHHE HEOPTaHWYECKUX © OPraHMYECKUX pEeareHTOB OcCaauTeseil, METO0M
OKCTPArupoBaHusl 00pazyeTcss OCaJOK W KaXKIbId pa3 BBUIMBACTCS OCAJOK Ha OTBal,
MOJIYYEHHBIM PacTBOpP (UIBTPYETCs] Yepe3 MOCTEIbHYI0 TKaHb M TPOMBIBAIOT HECKOJIBKO
pazguctwiuiMpoBaHHoi  Bojgo.  Coxepkanme P30 B pacTBOpe  ONpenenstoT
doromerprueckum MetogaoMm [7] pH-2,2 cpene ¢ mpumenenuem apcenaso-(I11), npu mawne
BOJIHBI 680 HM 110 OTHOLIEHUIO K pacTBOPY CpPaBHEHMs. B HaIIMX SKCIIEPUMEHTaxX CyMMapHas
Macca JaHTaHa cocTaBuiio B 99,98 wmr/nm. Peako3eMenbHBIE 3JIEMEHTHI MPOSBISIOT MEXKITY
c000i1 O0JIBIIIOE CXOJICTBO XUMUYECKUX U HEKOTOPBIX (PU3MUECKUX CBOMCTB, YTO OOBSICHSIETCS
MOYTH OJUHAKOBBIM CTPOECHHEM HApyXHBIX JJIEKTPOHHBIX YpaBHEHHM HX aTOMOB.
Penko3eMenbHble 3JIEMEHTBI-METAJUIBI  MOJIYy4YalOT BOCCTAHOBJIEHHEM COOTBETCTBYIOIIUX
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OKCHUJIOB, (PTOPUIOB SJEKTPOIHM30M O€3BOJHBIX cojedl m apyrumu metonamu. CKaHIWH,
UTTPUA ¥ JIAHTAHOMABI HMEIOT BBICOKYIO0 PEAKIIMOHHYIO CIIOCOOHOCTh. XHMHUYECKas
AaKTUBHOCTb 3THX JJIEMEHTOB OCOOCHHO 3aMeTHa IpHU MOBBIIIEHHBIX TemrepaTypax. [Ipu
narpesarni g0 300-400°C Mmeranmsl pearmpyioT axe ¢ BOJZOpOIoM, oOpasys RHs m RH;
(cumBOoT R BBIpakaeT aToM PEIKO3EMEIBHOTO AJIEMEHTAa). DTH COCIMHEHHS JOCTaTOYHO
IpOYHbIE M UMEIT cojeBoi Xxapakrep. IIpu HarpeBaHuMm B KHCIOpOAE METAJIbl JIETKO
pearupytor, obpasys okcuasl RpO3; (nmumb Tonbko SC m Y mIpH moMOIIHM 0Opa3oBaHUS
3aIIUTHONM OKCUJHOW IUICHKHU SBJISIETCS CTOMKMMM Ha BO3AyXeE, JaXKe IIPM HarpeBaHUU [0
1000 °C).

XuMu4eckasi akTUBHOCTb PEAKO3EMENIbHBIX METAJUIOB HE OJIMHAKOBO OT CKaHAMS 10
JaHTaHa XUMHUYECKas aKTUBHOCTb BO3pAacTaeT, a B PALY JaHTaH — JIIOTCHMHA CHIXKAIOTCS.
OTcrona cieayer, 4To Hanbojee aKTUBHBIM METAJIOM SIBJISICTCS JIAHTaH. DTO 00YCIOBIMBAET
YMEHBIIIEHUEM pauyca aTOMOB 3JIEMEHTOB OT JIaHTaHa JI0 JIFOTELHUs C OJJHOW CTOPOHBI U OT
JaHTaHA J0 CKaHAHS, C JPYrod CTOPOHBL. D(P(HEKT «IaHTAHOUTHOTO CYKCHUs» (IaBJIICHUS)
IPUBOJUT K TOMY, YTO CJIEAYIOLIUE IOCJIe HEero 3jeMeHThl (radHuii, TaHTall, BoJb(dpam,
PeHHMii, OCMH, MPUIMH, IATHHA) yMEHBIIAIOT pammychl aromMos Ha 0,2 -0,3A° orciona u
OUYEHb CX0KHE CBOMCTBA CO CBOMCTBAMH COOTBETCTBYIOUIMX AJIEMEHTOB IISITOrO EPUOAA.

B anemenTax — ckaHui, UTTPUiL, TaHTaH-0-000JI09Ka TPEAIOCIICTHETO HICKTPOHHOTO
CJIOSl TOJIBKO HAYMHAET 00Pa30BbIBATHCS, IOATOMY PaJMYChl aTOMOB U aKTUBHOCTH METAJLJIOB
B 3TOM IpyMIIE BO3pACTalOT CBEpPXY BHU3. MIMEHHO 3TUM CBOMCTBOM IpyIlla OTIMYAETCS OT
OPYTUX TMOOOYHBIX MOATPYII METAJUIOB, Y KOTOPBIX MOPAIOK H3MEHEHHS aKTHUBHOCTH
npoTtuBonoioxHeii. [Tockonbpky atoma utrtpus (0,89A*) 61u30K K paguycy aToMa TOJIbMUS
(0,8941A%*), TO MO aKTUBHOCTH 3TOT METAUI JIOJDKEH 3aHMMAaTh OJHO W3 MPEANOCICIHUX
MmecT. CkaHIuH ke 13-3a CBOEM aKTUBHOCTHU JIOJDKEH paclioyiaraThes mocie JoTenus. B atom
psaay ocnabisitoTcs JeiicTBHE METalioB Ha BOAy. Penko3eMenbHbIE 3JIEMEHTHI Yallle BCEro
IpPOSIBISIOT CTENEHb OKucieHus +3. M3-3a 3Toro HamOosiee XapaKTEPHBIMU SIBIISIFOTCS
okcuabiR2,03 — TBepAble U TYroIUIaBKUE COEAMHEHHS. Bynydd OCHOBHBIMH OKCHAMU,
OOJIBIIMHCTBO JIEMEHTOB CIIOCOOHBI COCAMHSATHCS C BOJIOH U co3aaBaTh ocHoBaHus (R(OH)s3).
['uapokcuapl  peaKko3eMenbHBIX METAIOB  Mallo PAacTBOPUMBI B BOJE, CIOCOOHOCTh
RoOscoenmuarecsi ¢ BOmOHM, ocHOBHas (yHKIHs, TO ecTb M pacTBopuMocTh R(OH)3
yMEHbBIIIAeTCs B TOW XK€ IOCJIeNOBAaTeNbHOCTH, YTO AaKTUBHOCTh MeTawioB LU(OH)3, a
ocoberro SC(OH);, MposIBISIIOT HEKOTOphIE CBOMCTBAa amdorepHOocTH. Tak, KpoMe pacTBopa
Sc(OH)3 B konmentpupoBanHoM NaOH, momydena coms NasSc(OH)g+2H20. Tlockombky
METaJIJIbl JTaHHOM MOArPYIIBl aKTUBHBI, @ UX COJIM CHJIBHO KHCJIO PAacTBOPUMBI, OHH JIETKO
pPacTBOPSIIOTCS B KUCIOTaX — HE OKUCIUTENSAX U KHCIOTax oKucauTensx (8,9,10).

PenxoszeMenbHbIE 2JIEMEHTHI MHCIOJB3YIOT B Ppa3IMYHBIX OTPACHSAX TEXHUKU: B
pPaZuOdIEKTPOHUKE, B MNPUOOPOCTPOCHHM, AaTOMHOW TEXHHKE, B MAaIIMHOCTPOCHUH, B
XMMHUYECKOW MPOMBIIICHHOCTH, B MeTayutypruu u 1p. [llupoko npumensiror La, Ce, Nd, Pr B
CTEKOJIbHOM MPOMBIIUIEHHOCTH B BHJI€ OKCHUIOB U APYTHX COEIWHEHUH. DTU 3JIEMEHTHI
BXOJSIT B COCTaB CTEKOJI CHEIMAIbHOIO Ha3HAUYEHUS, IPOIYCKAIOIINX HH(ppaKpacHbIE JIydd U
MOTJIOUIAIOMIMX yJIBTPa(pUOJIETOBbIE JIy4YH, KHCIOTHO W KapOCTOWKHX cTekos. bosbiioe
3HAUEHUE IIOJyYMUJIM PEIKO3EMENbHBIE D3JEMEHTBI U MX COEAMHEHHE B XHMHUYECKON
MPOMBIIIIEHHOCTH, HAIIPUMEP, B MPOU3BOJICTBE MUIMEHTOB, JIAKOB M KPAacOK, B He(TAHOI
IIPOMBIIIJIEHHOCTH KaK KaTaJnu3aTopHl.

PenxoszeMenbHble 371€MEHTHl NPUMEHSIOT B IPOM3BOJCTBE HEKOTOPBIX B3PBIBUATHIX
BEUIECTB, CIELMAIBHBIX CTaJ€il M CIUIaBOB KaK Ia3oNONNIOTHTENH. MOHOKpPUCTAIIMUECKOE
COCJIMHEHUE PEIKO3EMENbHBIX 3J€MEHTOB NMPUMEHSIOT NI CO3JaHMs Ja3epHbIX U APYTUX
ONTUYECKU aKTUBHBIX U HEJIMHEHWHBIX 2JIEMEHTOB B ONTORJIEKTPOHUKE. BbIcOKME TEMIBI pocTa
3a mocneanue 20 JeT BBI3BAHBI YBEIMYEHHEM CIpOCa Ha JKECTKHUE JMCKH, MEPCOHAIbHOE
3BYKOBOE OOOpYJOBaHME W HEOOJBIINE IJIEKTPOJBUTATENIM B HEKOTOPHIX aBTOMOOMIsAX. Ha
METATyprudeckrue TMPEeAJIOKEeHUs, KOTOpbIE BKIIOYAIOT B ce0e HCIOJNIb30BAHUE PEIKUX
3eMenb B HuKenb-Metau-ruapuanbix (NiMH) Garapesx.NIMH-0atapen mokaszamu cambie
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BBICOKHE TEMIIbI POCTa B 3TOM CEKTOPE B TEUEHHE MOCIETHETO AECATHIICTUS, YTO U3HAYAIbHO
Obuta 00yCIIOBJICHA YBEJIMYEHHUEM CIIPOCa Ha MOPTATHBHOE 3JIEKTPOHHOE O0OpYIOBaHHE, a
3aTe€M HMCTOJb30BaHUEM ITHX OaTapei B anekTpocuctemax HEV.

Jlerkue penkoszemenbHbie nemMeHThl (LREE) ncnonas3ytoTcst B Mpou3BOACTBE XKUAKUX
KaTtanm3aTopoB Karamutudeckoro kpekunra (FCC) m aBTOKaTanm3aTopoB, KOTOPHIE BMECTE
COCTaBJIAIOT OKoJI0 16% MupoBoro crpoca. [lepecmoTp ucnoss3oBanusi P39 B maruutax u
T1000M TPOAOKUTENbHBIA TEPUOJ BBICOKMX LEH MOTYT OrPaHUYHUTh HCIOJIb30BaHUE
maruutoB  NdFeB B anekrpomgsuraresnisx ¢ MOCTOSIHHBIMM —~ MarHUTamMu  JUis
3EKTPOaBTOMOOMIICH U BETPOBBIX TPYOUH.

NunuBuayansasle P3D HMCMonb3yr0TCs B TMPOU3BOACTBE KATATUTUYECCKUX (UIBTPOB-
HeWTpanm3aTopoB (1e3uid, HeoguMm). B Meramnyprum P3M uCnonb3yroTCs IS MOJTyYCHUS
0COOBIX COPTOB UyTYHA, CTAJIM U CIUIABOB LIBETHOW MeTayurypruu, P3M MoBBIIAIOT KaYECTBO
METAJTyPrUYeCKUX MNPOAYKLUUN, YIY4YIIalOT MX CBOMCTBA, B YACTHOCTH YJapONpPOYHbBIE U
KOPPO3UOHHOCTOMKHE.

PenxoszeMenbHble METaUIBl  TaKKe HCMOJB3YIOTCS B BOEHHO-IIPOMBIIIJICHHOM
KOMIUIEKCEe, 0e3 HHX COBPEMCHHBIC ABUTATEIH OCCHUIOTHBIX JIETATEIbHBIX amlnapaToB U
Oonpiiue 4Yacth oOOOpyAOBaHHS C OECKOMIBIOTEPHBIM YIPABICHHEM HEBO3MOXKHO.
[lepeuncnum B KauecTBe MpUMeEpa, TI€ MOXKHO HAUTH peaKO3eMeNbHbIE 3JIEMEHTHI B
000pyIOBaHUH U BOOPYKEHUHU MOIIHEHIIeH Poccuiickoit oIBOIHOM JIOAKHU Kitacca « AHTEI».
B mpousBoacTBE TreHepaTOpOB M AIIEKTPOIPUEMHUKOB HCIIONB30BAaHHBIMU  (JIAHTaH,
pa3eouM, JUCIPO3Ui U TepOuil), B CEHCOPHBIX NaT4YMKaX U JIOMUHO(OPHI AMCIUICEB Ha
KOMaH/I0BaHUH, C UCIOJIb30BaHueM P33 addekTuBHO paboTaer.

l'unponokaTopsl U ONTUYECKUE CHCTEMbl HAOIIOACHHS M YIpPaBICHUS JABHKEHUEM
MPOU3BENCHB C NPUMEHEHHWEM HeoauMa, TepOus, JaHTaHa W Iepus, a JUIs BBIMYyCKa
JIEKTPONPUBOIOB OMNEpPeHUs: CTaOUIM3aTOPOB OaUIMCTUYECKUX PAKET, CUCTEM KOHTPOJIS
rpaBUTAIMK CTA0MIM3AaTOPaX «YMHBIX» O0MO UCIONB3yeTcs camapuid 1 HeoauM [11,12].

JKcnepuMeHTaIbHAas 4acTh

[TonyuenHbIil peako3eMeNnbHbIM MeTaul JaHTad [3,4] B CBOOOJAHOM COCTOSIHUU
MPEJICTaBISIIOT CcO00i cepeOpucTo-0enblii, AOBONBHO MSTKHii MeTania. JIaHTaH TPOBOIUT
DIIEKTPUYECKH TOK OYeHb XOpomo. M3-3a BBICOKOH aKTUBHOCTH K aTMoc(hepHOMY
KHUCIIOPOJly BOJABI KYCKH JIaHTaHa clieAyeT XpaHuTh B napadune. [Ipu oOpruHOIM TemmepaType
pearupyroT ¢ BOAOM M KHUCIOTAaMM HE OKHUCIWUTEISIMHM, BBLAENSAS BOAOPOA M UIEJIOYH.
YcTaHoBneHo, 4To:

1) 2La+6HCL=2LaCl3+3H; BeigencHre Ta3000pa3HOTO BOJOPOJA MOXKHO
OTIpEACNIUTh C TOPEHUEM, ISl 3TOTO MOJHOCAT B Ta30BYIO0 TPYOKY TICIONIYIO
JTYYUHKY;

2) C Bomoit pearupyrorT ¢ obpasoBanuem 1menoun 2La+3H,0=2La(OH);
IIEJIOYHbIE CBOWCTBA pAacTBOpPa MOXKHO ONPEICIUTh C NPUMEHEHUEM
CIIUPTOBOTO pacTBopa GeHon(TaNmenHa, KOTOPBIA JAaeT PO30BHIN IBET;

3) llpu HarpeBaHMM B aTMOC(HEPHOM KHUCIOPOJIE JIAHTaH JIETKO PEarupyroT C
HUM, oOpa3ys okcuubl. 4La+30,=2La,03; monydeHHBIH OKCUI JIaHTaH
SIBIISIETCS. TBEP/IBIM, KPEITKUM U TYTOIJIABKUM COCTUHEHUEM.

4) B mporiecce ropeHust JaHHBIH MeTasll, B aTMocepe KHCIOPOIOM BBIICISIOT
termo B konuuectBel287,4 Jlk. DTOT mpouecc HU3MEPsUIM ¢ MUPOMETPOM
JAT8858 (mupomeTtp nnppakpacusiit or 50 10 13000C);

5) Oxcujn JlaHTaHa CIIOCOOCH pearupoBaTh C BOAOH W 00pa30BBHIBATH OCHOBAHHE
La,03+3H,0=2La(OH)3 ruapokcu 1aHTaHA MaJOPacTBOPUM B BOJIE;

6) Metammnueckuii JTaHTAH SHEPrHYHO PEAarupyroT C HOAOM, JUIS 3TOrO Ha
TEPMOCTOMKYIO KOJIOY 3achlllalOT KPUCTAIMKUA HOJAa, Tylda OIYyCKaroT
MpOOMPKY C XOJIOJAHOM BOJOM W KOJIOY 3aKphIBAIOT IUIOTHO BaToil. B
Ipolecce HarpeBaHUs KPUCTAJUIMKU HoJla BO3TOHSAIOTCS M MOJ ocemaeT Ha
XOJIOAHYIO CTeHKY npobupku, Ha ¢apdopoByro yamiky 3achlnaioT BO3TOHHbIE
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KPUCTAJUTMKU MOJa U 3arpy’kaioT METATIMYECKHH JaHTaH, TIe MPOUCXOTUT
Oypnas peakuus 2La+3J,=2Lal; ;
7) Ilpu HarpeBaHMM METATHYECKUN JIaHTAH PEarupyroT C MOJOTOH CEepoi:
2La+ 4S+0, = LayS; +S0,.
Ha ocHoBaHMM TOMy4YEHHBIX SKCIEPUMEHTAJIBHBIX JaHHBIX MOXHO CJeNaTh

CJICAYIOIIUC BbIBOJAbI:

10.
11.

12.

1. IlonyuyeHHBIN JAHTAH SIBISETCA CaMbIM aKTUBHBIM METAJIOM, IPU OOBIYHON
TEMIIEpaType C BOJOM U KUCIOTAaMU HE OKUCIUTEISIMU BBIIEISET BOJOPO U
HIEJI0YH.

MeTtayiMuecKrii JJAHTaH YHEPTUYHO PEATUPYET C MOJIOM U CEPOM.

3. B npornecce HarpeBanuu B aTMOC(EpHOM KUCIOPOJE JAHTAH JIETKO C HUMHU
pearupyeT u o0pa3yeT TBEp/I0e, KPENKOe U TYTOIIaBKOE COECIMHEHUE OKCH/T
JIAaHTaHa.

4. B mpouecce TopeHust B aTMOCc(hepHOM KHCIIOPOIe JAHHBIA METAJUT BBIACISET
0O0JIBIIIOE KOJIMYECTBO PHEPTUHU B BHjIE Teria -1287,4 Jx.

5. Mertainuueckuii JlaHTaH HMMEET BBICOKOE CBOMCTBO  IIPOBOAMMOCTH
3JIEKTPUYECKOTO TOKA.
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PA3JEJL IV. PU3UKA

Jlynenko 10.1O., MwcoBa A.E.
Oc00eHHOCTH 3JIEKTPOAUHAMUKH BbICOKOYACTOTHOIO (haKeIbLHOr0 pa3psjaa, ropsero
B aproHe

Hayuonanvnuiii uccredosamenvcxuti Tomckuti noaumexHu4ecKuil yHugepcumem

(Poccus, Tomck)
doi: 10.18411/1j-08-2021-14

AHHOTAIUA

[IpuBeneHbl  pe3yJabTaThl HM3MEPEHUH  OCEBOIO  paclpeleieHUs  paauaibHON
KOMITOHEHTBI JJIGKTPUYECKOTO TMOJSI BRICOKOYACTOTHOTO (DAKENIBHOTO pa3psiia, TOPSIIEro B
aproHe Tpu arMocepHoM mAaBieHWH. [IpoBen€éH pacdy€r 0CeBOro pacmpenereHus
ANEKTPUYECKOT0 TOJs (haKeIpHOTO pa3psga Ha OCHOBE MOJENIM KaHama paspsiaa B BUIE
OIHOPOJHOM »HJIEKTpUYECKON JMHUU. [lokazaHo, 4YTO B AaproHOBOM IUIa3Me pas3psaa
MIPOUCXOUT YACTUYHOE OTPAKEHUE DIEKTPOMArHUTHON BOJIHBI.

KuroueBble ci1oBa: paspsij, miasma, 3JIeKTpOMarHuTHasi BOJIHA.

Abstract

The results of measurements of the axial distribution of the radial component of the
electric field of a high-frequency torch discharge burning in argon at atmospheric pressure are
presented. The calculation of the axial distribution of the electric field of the torch discharge
is carried out on the basis of the model of the discharge channel in the form of a uniform
electric line. It is shown that in the argon plasma of the discharge there is a partial reflection
of the electromagnetic wave.

Keywords: discharge, plasma, electromagnetic wave.

BricokodacTOTHBIN (akenbHBI pa3psii OpeAcTaBiIseT COOON IIa3MEHHBIN HIHYD,
TOpAIIMNA C TIOBEPXHOCTH OJIEKTPOJA, K KOTOPOMY IIPWIOKEHO BBICOKOYACTOTHOE
HanpsbkeHue. [Ipu npoBeneHMH IUIa3MOXMMHUYECKUX IPOLECCOB (haKeNbHbIM pa3ps] UMeeT
P IPEUMYIIECTB MO CPaBHEHUIO C JPYTMMH BBICOKOYACTOTHBIMHU paspsaamu. OH MMeeT
00JIBIIION 00BEM pa3psAIHON TIIa3Mbl MPU MAJIOW BEIMYMHE MOJBOJMMON MOIIHOCTH, JIETKO
BO30YKJIaeTcs B PaziIMUHBIX CpellaX, YCTOWYMB K 3ambuieHuto. [Ipyu mpoBeneHur HEKOTOPhIX
IUIA3MOXUMHUYECKUX TPOILIECCOB TpeOyeTcsl HUCKIIOYUTh OKHCIIEHHE IepepadaThiBaeMOro
MmaTepHuaia. B 3Tom ciyuyae B KauecTBe IJIa3MOOOPA3yIOIIEro ra3a UCIOJIb3yIOTCSl UHEPTHBIE
ra3pl, KaK IpaBUJIO — aproH. 3aMEeTUM, YTO OCOOEHHOCTH TOpeHHUs (haKeIbHOro paspsia B
aproHe B HACTOSILEE BPEMsI HEJOCTaTOUYHO HCCIIE0OBAHBI.

B  Hacrosmeir paboTe  OpoBEAEHBI M3MEPEHUS  OCEBOIO  paclpeiesieHus
HANPsHKEHHOCTH DJIEKTPUUECKOTo Mo (pakeslbHOTo paspsijaa, ropsuero B aprose. Ilposenén
pacy€T BBIICYKA3aHHOI'O paCIpPENCNICHUss Ha OCHOBE MOJENM KaHajla paspsga B BUIC
OJHOPOJHOM AIEKTPUUECKON JTUHUU.

Cxema DKCHEPUMEHTAJIbHOW  YCTAHOBKHM, MWCIOJIB3YEMOM IPU  H3MEPECHMSIX,
Mpe/ICTaBIeHa Ha pUCyHKeE 1.

Puc. 1. Cxema sxkcnepumenmanvnou ycmanosku. 1 — BY pakenvuviii paspso, 2 — eMKocmHbvle U UHOYKMUBHbLE
30HObL,; 3 — UsMepumenbHblll npubop, 4 — 2eHepamop «ONOPHO20» CUSHALA
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Hccnenyemsiii paspsa Bo30yXKaalcs B KBapIeBOM Kamepe auaMeTpoM 28 MM H
qumHoi 500 MM. Ilutanue paspsiga BBICOKOYACTOTHBIM HAINPSKEHHEM OCYILIECTBISUIOCH OT
BU-reneparopa tuma JICII-I'M ¢ uwactoroit reHepammu v=40,68 MI'n u konebarenbHOM
motHocThio W=4 kBT. Pa3psa Bo3Oysxnancs B aprone npu atMochepHoM aBieHuH. JmuHa
U AMaMeTp KaHaja pa3psjia COCTaBIsUIN 33 CM U 2 MM COOTBETCTBEHHO.

H3mepenne oceBoro pacnpenesieHus paiuabHONM KOMIIOHEHTHI 3JIEKTPUYECKOTO OIS
IIPOBOJINJIOCH EMKOCTHBIMH 30HJIaMH, IIEPEMEIAEMbIMU BJIOJIb OCH paspsaa. PaccrosHue ot
ocu paspsaa coctaBmsuio 50 mm. EMKOCTHOM 30HA mpeacTaBisl coO0M MEIHBIM IITHIPh
quameTpoM 1 MM u ainuHON 5 MMm. CurHai OT 30HJIOB IO JIMHUU C JBOMHOM SKPaHUPOBKOMN
nojaBancs Ha BxoJ ocuwwuiorpada. Ocuusuiorpad M TeHEpaTOp «OMOPHOTO» CHUTHAja
HaXOJINJIUCh B SKPAHUPOBAHHOM IIOMEILICHHH.

Pesynbpratel m3Mepenwmii mpencraBieHsl Ha pucyHke 2. Ilo ocu alcmucc oceBas
KOOpJMHATa MIPUBE/ICHA B €MHMIIAX JJIMHA KaHaya paspsiaa L.

Erl
B/m
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| T T T
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Puc.2. Ocesoe pacnpedenenue paduanbHoli KOMROHEHMbL 2NEKMPUYECK020 NOJis (pakenbHo2o paspaoa,
20pAwe2o 8 apeoHe

Kak BMAZHO W3 TPEACTABICHHOIO pPUCYHKAa aMIUIMTYyAAa  HAnpsLDKEHHOCTH
JJIEKTPUYECKOr0 IOJIA JMHEWHO 3aTyXaeT BAOJNb OCH paspsaaa. Ilpu sTtoMm ammauryna
HaNPsHKEHHOCTH AJIEKTPUYECKOTO OIS yMEHBIIAETCS BIOJIb KaHana pa3psiaa Ha 35...40%.

3aMeTHM, YTO COIJVIACHO CYIIECTBYIOIIeW Monenu (akenbHoro paspsga [1], ero
TOPEHUE OCYIIECTBIACTCA 3a CYET NMCCHUIIALMK DHEPIHMM DJIEKTPOMArHUTHOW BOIHBL IIpu
9TOM JUIMHA KaHalla pa3psa OLEHUBAETCS KaK BeJMYMHA oOpaTHas BeJIMYMHE KOAPPULIHEHTa
3aTyXaHHs JIEKTPOMarHUTHOM BOJIHBI, MOJAEPKUBAIOLIEH ropeHue paspsaga. B atom ciydae
aMILIUTY1a 3JEKTPOMArHUTHOW BOJIHBI JIOJDKHA YMEHBIATHCS BIOJIb KaHana paspsaa B 2,72
paza. Cronp CWIBHOE 3aTyXaHME 9 JIEKTPOMAarHUTHOrO TOJdsl He  HaOmromaercs
IKCIEPUMEHTaIbHO. [103TOMY MOXHO NpEeANoNOokKHUTh, YTO B IUIa3Me (akeIbHOro paspsaa
Hapsay C «IpsAMON» JJIEKTPOMATHUTHOM BOJIHOM NPUCYTCTBYET TAKXKE M «OTpaKEHHas»
JJIEKTPOMAarHuTHas BoJHA. PaccMoTpuMm KaHan (pakenbHOro paspsiia B BHJE OJHOPOJIHOU
IEKTPUYECKON JIMHUKM. B 3TOM cilydae paauaabHyl0 KOMIIOHEHTY JJIEKTPUYECKOrO II0JIA
(akenbHOro pa3psaa MOKHO MPEICTABUTH CICAYIONIMM BbIPa)KEHUEM:

3 :A{cejh(L—z)Jre—jh(L—z)} M
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3nech: A — k0a(dduitueHT; h — KOMIZICKCHOE BOJIHOBOE YHCJIO, PACIIPOCTPAHSIFOIIEHCS
JJIEKTPOMArHUTHOW BOJIHBI, ] — MHUMasl eIWHMIA; L — anuHa KaHana paspsia, Z — oceBas
KOOpJIMHATA; C — KOMIUIEKCHBIH KO3(pPHUIMEHT OTpakeHHs 3JICKTPOMArHUTHOW BOJHBI B
KOHIIE KaHaJla pa3psija.

OHpCIleJII/IM BCIIMYHUHY BOJIHOBOI'O quclia BHGKTpOMaFHHTHOﬁ BOJIHBI,
pacIpoCTpaHSIONMIEHCST B aproHOBOW MmuasMe ¢akenpHOro paspsma. CormacHo pabote [1],
npuOIMKEHHOE 3HAYEHHE BOJTHOBOTO YHCIIAa MOKHO OTPEACITIUTD 1O cleayouei Gopmyie:

1+ e,

"2\ o @

31ech: | — MHMMas €AMHUIA; a — PAANYyC KaHala; € — aOCONOTHAS TUAJICKTPHYECKast
MPOHUIIAEMOCTh; (0 — YAaCTOTa 3JEKTPOMArHUTHOTO MOJIS; G — yAeNbHas 3JIEKTPOIPOBOAHOCTh
IU1a3MBbI pa3psjaa.

CoOOTBETCTBEHHO JJIsi OINpEACNICHUS BOJIHOBOIO YHCIa HEOOXOAMMO OINpeAeIuTh
BEJIMYMHY YAEIbHOW 3IJIEKTPONPOBOJHOCTH IUIa3Mbl paspsaa. BenuunHa yaenbHOM
AIIEKTPONPOBOJHOCTH MOXET OBbIThb paccuMTaHa Ha OCHOBE M3BECTHBIX 3HAYCHUH
AJIEKTPOHHOM U Ia30BOM TEMIIEPATYPBHI.

W3mepeHust 37eKTPOHHOM M ra3oBOM TeMIepaTypbl aproHOBOM IU1a3Mbl (pakeabHOro
pa3psiia IpOBOAWINCH CIIEKTPAIBLHBIM METO/IOM.

ONEKTpOHHAs TEMIIEpAaTypa U3MEPsUIach 10 OTHOCUTEIbHOM WHTEHCUBHOCTH JIMHUMN
mexn. Mcnons3oBamucs jmanu 5106 A, 5153A u 5218 A. DHEPruM U OTHOCHUTEJIbHBIE
BEPOATHOCTH MEPEXO0JIOB, COOTBETCTBYIOIIMX JAHHBIM JIMHUAM ObUIM B3SThl U3 paboThI [2].
Wznyuenue ot uccienyemMoro o0béma paspsia MOCPEICTBOM JIMH3bI MPOEIUPOBAIOCH Ha
menab crekrporpada Shamrock — 303i. CrexTp BBIBOJHIICS HEMOCPEACTBEHHO Ha SKPaH
KOMIIBIOTEPA.

Jlig oueHKH ra3oBOM TeMIlepaTypbl aproOHOBOM IUIa3Mbl B IIa3MOOOpa3yroMi ra3s
n00aBIISIICS BO3AYX B KOHIIEHTpanuu He Oonee 5%. [Ipu aToM B ciekTpe paspsiga mosBIsIach
nonmoca ruapokcuna 3064 A. Msmepenue Ta30Boil TemmepaTypsl HPOBOAMIOCH IO
OTHOCHUTEJILHOM MHTEHCUBHOCTU BPAILLATENIBHBIX MEPEX0J0B JaHHON MOJIEKYJISPHOW IOJIOCHI.
Hcnonp3oBanuch TUHUM KolebarenbHOU BeTBU Q. BriOupamuch nuHUM CBOOOIHBIE OT
HajoxeHus npyrux suanid — Q14, Q16, Q19, Q110.

B pesynbrare uzmepeHuil ObIJI0 YCTaHOBJIEHBI CIEAYIOIINE 3HAUEHHSI SJI€KTPOHHOU U
ra3oBoit Temrepatypsl: Te = 7800 K u T = 1800 K. CormiacHo pe3ynbTaTam paboTsl [3] 3TUM
3HAYEHUSM TEeMIEepaTypbl OyJEeT COOTBETCTBOBATH yI€IbHAs AJIEKTPOIPOBOJHOCTh G = 46 oM
Lyt Mcronb3yst momydeHHOe 3HAYCHNE BETHIMHBI YACTBHON SIEKTPONPOBOIHOCTH IIA3MBI
paszpsia MOXKHO OLIEHHUTh BEJIMYMHY BOJHOBOIO 4YHCJIa 3JIEKTPOMarHUTHOM BOJIHBL. B
COOTBETCTBUH C (POpMYJIOH (2) moMyynM cieqyroliee 3HaueHHe Il BOJTHOBOTO 4Hcia: h =
3(1+j) mt

[IpoBeném  pacu€T  oceBOro  pacmpeneieHHus  pagualbHOM  KOMIIOHEHTHI
ANEKTPUYECKOTO MO (pakenbHOro paszpsiia, ropsiiero B aprone, mo ¢opmyne (1). Ilpu
pacuére OyIeM HCHOIb30BaTh BEIWYMHY KoddduuumeHta A, HUCXOAs U3 IOJYYEHHBIX B
SKCIIEPUMEHTE HavalbHBIX YycioBuil. IIpenmosaras, 4To OTpakK€HHE HJIEKTPOMArHUTHOU
BOJIHBI B KOHIIE KaHaja pas3psja HMeeT CcHH(a3HbI Xapakrep, OylaeM paccMaTpuBaTh
K0d(ppHIIMEeHT OTpa)keHUsi C B BUJE BEUICCTBEHHOW BEIMYHMHBI. | eoMeTpuyeckue pa3mepsl
paspsaa MpUMEM TaKHe ke, KaKk M y pa3psia, UCIOJb3YyeMOro IpHU 3KCIEPUMEHTAIbHBIX
U3MEpeHusX: AnrHa KaHana L = 33 cm, auamerp kanana d = 2 Mm.

B pesynbrare mpoBeaEHHBIX PacdETOB OBLIO yCTAHOBICHO, YTO CTENEHb 3aTyXaHUs
9MIEKTPOMArHUTHOTO TIONSL BJAOJNb KaHala pas3psga COBHAJaeT C HAKCIEPUMEHTAIbHO
Ha0II0JTaeMO BETUYMHON B cllydae, Korjaa Ko3(pQHUIHEeHT oTpakeHHs C OIM30K K BEIMYUHE
0,5.

h
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PesynbTatel pacuéToB nipu € = 0,5 mpeAcTaBIeHbl HA PUCYHKE 3.
E,
B/m
90

60 -

30

T T T T
0 0,25 0,5 0,75 1,0 Z=1z2/L

Puc.3. Paccuumannoe ocesoe pacnpedeﬂeHue paduaﬂbHoﬁ KOMNOHEHMbl 3JIEKMpuU4ecKoco noJii.

OTKJIOHEHHE PpACCUMTAHHOTO paclpesesieHus OT JIMHEHHOW 3aBUCHMOCTH, TIO-
BUAMMOMY, OOYCIIOBJIIEHO OCEBOI HEOTHOPOJHOCTHIO KaHaja (pakeIbHOro pa3psaa.

Takum o6pa3oM, B pesynbTare MPOBEAEHHBIX M3MEPEHUI U pacyETOB yCTAHOBIICHO,
4TO TOpeHHEe (DAKEeIBHOTO pa3psga B aproHe MOJACPKUBACTCS SJICKTPOMATHUTHON BOJHOM,
koTopast Ha 50% oTpakaeTcs B KOHIIE KaHaja pa3psaa.

* %k %
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PA3JIEJI V. TPAHCIIOPT

Coaon U.A., YUeboTapena E.A.
Pa3paGorka MeponpusiTHii 10 COKPAIIEHUIO MPOCTOSI BATOHOB HA COPTUPOBOYHBIX
CTAaHIMAX HA 0a3e MeToAa MeKPYHKIMOHAIBHOI0 3JITMMHHHPOBAHUSA

DI'FOY BO «Pocmosckuii 20Cy0apcmeeH bl yHUugepcumem nymeti coooujeHusiy»

(Poccust, Pocmos-na-omny)
doi: 10.18411/1j-08-2021-15

AHHOTAIUA

B crarbe naercst 0630p METO/OB aHaiIKM3a BHIOJHEHHS KIIOYEBBIX MMOKaszaTeneil ais
JKEJIE3HOJJOPOKHOW  CETH,  BBISBICHHUS  HEMPOW3BOAWTENBHBIX TMOTEPhr B  padoTe
COPTUPOBOYHBIX CTAaHLUUN MpU MepepabOTKe BaroHOmoTokoB. Ha mnpumepe pasznoxeHHs
(hakTHUECKOTO TOKAa3aTeNsl MPOCTOSI BarOHOB C MEpepabOTKON Ha OTHEIbHBIC AJIEMEHTH U
NPUMEHEHUS MeTola MeX(YHKIMOHAILHOTO BAPUAHTHOTO SIMMHUHHPOBAHUS BBISBICHbI
KPUTHYECKHE TEXHOJOTUYECKUE DIIEMEHTBI, Ui KOTOPBIX TPEOyeTCsl MpOBEpKa COOIIOICHUS
TEXHOJIOTMYECKHUX MPOIECCOB, B TOM YHCJIE B paboTe CMEXHBIX MOApa3IeieHH U pa3paboTka
CUCTEMBI KOPPEKTUPYIOIIUX MEPOTIPHUSTHH.

KiroueBble ci10Ba: >KelI€3HOJOPOXKHBIE CTAHILIMHU, DKCIUTyaTallMOHHBIE IMOKA3aTelH,
aHAJIN3, TEXHOJIOTMYECKUW TPOIecC, MPOCTONM BaroHOB, HEMPOU3BOIAUTEIBHBIC MPOCTOU,
3 PEKTUBHOCTB.

Abstract

The article provides an overview of methods for analyzing the performance of key
indicators for the railway network, identifying unproductive losses in the operation of
marshalling yards during the processing of car traffic. By the example of the decomposition
of the actual indicator of the idle time of cars with processing into separate elements and the
application of the method of cross-functional variant elimination, critical technological
elements are identified, for which it is necessary to check compliance with technological
processes, including in the work of related departments and the development of a system of
corrective measures.

Keywords: railway stations, operational indicators, analysis, technological process,
idle time of cars, unproductive downtime, efficiency.

BBenenue
B nactosmmit moment Ha cetu OAO «PX]» cymiecTByeT ClI0KHOE TMOJOKEHUE C
BBIMIOJTHEHHEM OCHOBHBIX IMOKa3zaTesjed Ha CTaHIMSIX, YTO MPOSIBISIETCS B 3aBBIIICHHH HOPM
MIPOCTOsI BAaroHOB, BPEMEHHM O00OpOTa BaroHa, YBEJIWYEHUS JOJIM OTIPABOK BaroHOB,
NpUOBIBAIOIINX C HAPYIIEHUEM CPOKOB M CKOPOCTH JOCTaBKU I'Py30B, YMEHBIICHUU pe3epBa
MPOMYCKHBIX crocoOHocTer [1-4]. Hampumep, 3a 4 wmecsma 2021 roma llentpanbHOi
nupekiuend BbimonHeHbl 30 u3 38 KIIOYEBBIX MOKaszaTeled TEeKylled AesTeIbHOCTH, 4YTO
coctasuiio 79,0 %.
K HeBbINMOIHEHHBIM MOKA3aTENSIM OTHOCSATCS:
1. Pacxonpl 10 MepeBO30YHBIM BUAAM JEATEILHOCTH (ITOKa3aTesb yXyameH 13-
10 JTUPEKIHUSIMH).
2. KoappummeHnt pa3ppiBa MeX1y 3KCILTyaTallMOHHBIMH U Tapu(HBIMU TOHHO-
KuiioMeTpamMu  (mokasatenb Bbimie rmiaHa Ha 0,08 mupa. 1-km.  J{aHHBIN
nokasarenb yxyAueH 10-10 aupexkuusaMu).
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3. Pabounii mapk JOKOMOTHBOB B TPYy30BOM JABM)KCHHH (IOKa3aTeIh BHIIIC
aHa Ha 86 eIUHUIl B cpeHeM B cyTku win Ha 1,6%. /laHHbIi moka3arens
yXyamieH 14-10 TupeKIusIMu ).

4. DkcrutyaTUpyeMblil TapK JOKOMOTHUBOB B TPY30BOM JIBKEHUHU (ITOKA3aTElNb
BbIlIe JIaHa Ha 15 emuHun B cpeaHeM B cyTku wid Ha 0,2%. JlaHHbId
nokasarenb yxyAueH 10-10 aupexkuusamu).

5. Cpennsisi yyacTKoBasi CKOPOCTb JBHKEHHSI TPY30BOro moe3ia (mpu IjIaHe
43,0 xkm/yac cocraBmwia 42,3 km/gac wim 98,4%. JlaHHBI IOKa3aTeIb
yxyamieH 11-10 Tupeknusamu).

6. IIpocToii TpaH3UTHBIX BaroHOB C MEPEPaOOTKON HA TEXHUYECKUX CTAHIIHIX
(mokazarenpb BBIINIE YPOBHS mporuioro rojga Ha 1,89 waca. Hanpumep, 3a 4
Mecsana 2020 roma — 14,23 gaca, a 3a 4 mecsama 2021 roma — 16,12 gaca.
JlaHHBII MOKa3aTenb yXyAeH 14-10 UPEKIUsIMHA).

7. TIpocToii TpaH3UTHBIX BaroHOB 0e3 mepepaboTKU HA TEXHUYECKUX CTAHITUSIX
(mokazarenp BhIINIE ypoBHS mporuioro rojga Ha 0,21 waca. Hanpumep, 3a 4
Mmecsma 2020 roga — 2,82 vaca, a 3a 4 mecsma 2021 roga — 3,03 yaca. JlaHHBIH
MOKa3aTelNlb YXYyIeH 14-10 TUPEKIUIMH).

8. YpoBeHb OezonacHOCTH JABMKCHHS BhIlIe Tutana Ha 0,018 en/MiTH. moe3no-km
unu 166,8%. Jlanablii mokazaTenpb yxyameH 10-10 qTupeKkiusaMmu.

PesynbTaThl pabOThl AMPEKIHA IO KOJIHYECTBY BBITIOJHEHHBIX IMOKA3aTeIe 3a ATOT
MIEPHO]T PacIpeIeTUINCh CIeTyomUM 00pa3om (puc. 1).
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Puc. 1. Pezynomamol pabomsi Oupexyuil no KoIu4ecmasy 6blNOJIHEHHbIX KIIOYEBbIX nokasamenel 3a 4 mecsiya
2021 200a

Jlugupyromyro mno3unuio 3aHuMaroT CeBepo-KaBkaszckas u  HOro-Bocrtounas
mupeknuu  (BeimonHeHsl 31 w3 38 mokasarteneit). [locnemnee mecto y OkTsOpbCKOM U
BocTtouno-Cubupckoit nupexuuii (BbinosaHeHs! 23 u3 38 noka3aTesei).

C nmenplo ynydlieHWs ToKa3zaTenei paboTbl CeTH W CTAaHUWH, MOBBIIICHUS
KOHKYPEHTOCTIOCOOHOCTH  JKeJIe3HOopokHOTO TpaHcropta Kommanmeir OAO  «PX]I»
OpOBOAMTCA paboTa MO Pa3BUTHIO WHHOBAIIMOHHBIX YIPaBIEHYECKHMX TEXHOJOTHUH,
00BEIMHEHHBIC TIOJT OOIIMM TOHATHEM «OepexiuBoe mpou3BoACcTBO (lean production)». Ha
TEKyIIM MOMEHT CO3[laHa OpraHM3allMOHHAs, HOpPMAaTHBHAas M MeToauyeckas Oasza ans
peanm3any  KOHIEMIUU «OepexxauBoro mpoms3BojactBay B OAO «PX]», mpu sTOoM
BHEJJPEHNE MEPOTIPUATHI UAET KaK MO OTAETbHBIM MOJpa3IeTeHIsIM, TaK U 0a3e HECKOJIbKUX
CTPYKTYPHBIX MOAPa3IeICHNA, 00beTUHECHHBIX OOIIMMH TEXHOJIOTHISCKUMU 3anadamu [5]. C
TOUKH 3peHHs 3P (HEKTUBHOCTH MEX(PYHKIIMOHATBHBIE MTPOEKTHI MPUHOCAT ropa3ao O0NbIIyI0
oTJady, 4YeM TMpOCTOH (YHKIHMOHAIBHBIA TpoekT. OHW HampaBlIeHb HA YIIyYIICHUE
MoKa3aTesiel JeAaTeIbHOCTH cpa3y Heckodbkux mnoapazaeneHuii OAO «PX». B cBssu ¢
5TUM B JaHHOM MCCJICIOBAaHUM PACCMATPUBACTCS BBIMIOJHEHUE OJHOTO W3 KIFOUEBBIX
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nokazareseil paboThl COPTHPOBOYHBIX CTAHIIUHM — IIPOCTOSI BATOHOB € MEpepadOTKOM ¢ yueToM
pa3zpaboTKu MeXK(PYHKITMOHATHHBIX MEPOTIPUSATHI 110 €T0 COKPAIICHHUIO.

1. Bo3mo:kHOCTH NpUMeHeHHs MeTo/a MeK(PYHKIMOHAIBHOTO
BAPpUAHTHOTO0  JJHMMHHHPOBAHWS  NPUH  aHAJAW3e  BBINOJHEHUS
Ka4yeCcTBeHHbIX NOKa3aTeJieil paéoThbl CTAHINHU

Crnoxwunach omnpenesieHHass MOTPeOHOCTh B TOBBILIEHHMH YPOBHSA 3(h()EKTHBHOCTH
OpraHu3aliil TEXHOJIOTMYECKHX MpOIeccoB Ha craHiusax [6]. CylecTByrOIIHEe METOIbI
NPOBE/ICHUS AaHajM3a BBIOJHEHUS OCHOBHBIX KAUECTBEHHBIX IIOKa3aTeleld MOMOTAOT
BBISIBUTH TIOJIEMEHTHO (DAKThl HEBBINOJIHEHHS HOPMATHBA, HO HE HCCIEAYIOT OIICHKY
3¢ (HEeKTUBHOCTH ONTUMU3AIIHI 3JIEMEHTOB Ka4ueCTBEHHOTO MoKa3aTest u
MEK(QYHKIIMOHAILHOE BIIMSIHUE TEXHOJOTHUECKUX OIepaluidi Ha HCCIEIyeMbIid Ipolecce.
OcCHOBHBIE ~ METOJBl  OMNpENEICHUS  HOPM  TPOCTOS  BAaroOHOB M BBIABJICHUSA
HETPOU3BOIUTEIBHBIX TIOTEPh PUBECHBI HA PUC. 2.

MGTOI[BI aHaJIn3a IMpOCTOA BaroHoB U
BBIABJICHHUA HCIPOU3BOAUTCIIbHBI IOTCPH

L y

I'paduuecknit AHanuTH4ecKue

RN L IuR RS AN NNRNRRRY 1 AN

A8 A S e ¥
CyTouHbIi maH-Tpaduk padoThl
CTaHIINU

TabnuurOE MOIENTUDOBAHNE

TEITGT

I/IMI/ITaI_[I/IOHHOG MOACIUPOBAHUEC

e et

Puc. 2. Memooul onpedenenus Hopm npocmost 6a20H08

KomngyectBo ommOOK MpH  WCIONB30BaHUHM  TPa@UUEecKoro ©  TaOIMYHOTO
MozenupoBaHus cocraBiger npumepHo 20 % [7], HO HecMOTps Ha TPYAOEMKOCTb
NPOBOJUMBIX pacdyeToB o00a MeTojga MPHUMEHSIOTCS B OKCIUIyaTallMOHHOM MpPaKTHKeE.
[TomydyeHHbIe MIIAHOBBIE MOKA3aTeIN MPOCTOS BaroHOB COOTHOCATCS € (DaKTHUECKUMHU [T
pa3pabOTKU MEpONPUATUN 10 YCTPAHEHUIO HAPYIIEHUH TEXHOJOTMM U JalbHEHIIeMY
MOBBIIICHUIO KayecTBa pabOThI CTAHITHH.

B nanHOM uccnenoBaHMM INpeAsiaraeTcs NPUMEHUTh METOJ 3JIMMUHUPOBAHUS — 3TO
JIOTHYECKHI METO/I, TIPH KOTOPOM MOCIEA0BATENbHO BBIICISIOT BIUSHUE OJHOTO (akTopa U
HCKJIIOYAIOT BO3JICMCTBHUE IPYTHUX.

OOBIYHO aHaIM3 METOJIOM SIUMUHUPOBAHUS OCHOBBIBAETCS Ha METOJE arperaTHbIX
MHJIEKCOB, TPH KOTOPOM KaXIBIH (aKkTOp TOCIEIOBATENIbHO paccMaTpUBAETCs Kak
MEPEMEHHBIM, MpeAnoaras OCTalbHblE MOCTOSHHBIMU. TO €CTh HM3y4YE€HHE KOHKPETHBIX
IIPOU3BOJICTBEHHBIX MPOIECCOB MPOUCXOIUT O€3 yueTa MX B3aUMHOIO BIMSHUS JIpYr Ha
Jpyra, IPOLECC UMb AHATU3UPYETCS B YaCTHOCTH (€TyKTUBHBIN METO).

OcoOeHHOCTh  MpeularaéMoro  MeToja COCTOMT B M3YyUYEHUU  BIUSHUSA
MPOU3BOJCTBEHHBIX IMPOLIECCOB Ha MEX(PYHKIMOHAIBHYIO 3(QQPEKTUBHOCT B E€AUHOM
TEXHOJIOTMYECKOM IIPOLIECCE U €r0 UTOTOBBIN pe3yIbTaT (MHAYKTUBHBINA METOJ).
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ABTOpaMH TpPOU3BENEH aHalW3 OJHOTO M3 KAYeCTBEHHBIX IOKa3aTenei padoThl
CTaHIIMKM — HOPMBI TIPOCTOS TPAH3UTHOIO BaroHa ¢ TepepaboTKo Ha TpuUMepe
CTATUCTUYECKUX JaHHBIX 1Mo cTaHuu Kpacnomap-CoptupoBounsriii 3a 2020 rox (tadmn. 1). C
MOMOIIBI0 MPUMEHEHHOTO METOoJa MEX(PYHKIIMOHATHHOTO BAPUAHTHOTO SIMMHHHPOBAHUS
cZieJlaHa TMOTBITKA BBISIBICHUS PUYHH 3aBbIIICHUS JAaHHOTO MOKa3aTess ¢ Uelblo pa3paboTKu
MEpPOTPHSTHIA, HAMPABICHHBIX HAa TMOBBIIICHHE YPOBHSI J((HEKTHBHOCTH OpraHU3aIUU
TEXHOJIOTMYECKOI0 IpoIecca Ha CTaHIIUH.

Hopma mpocrosi TpaH3WTHOTO BaroHa ¢ mepepaboTkoil Ha crannuu KpacHomap-
CopTupOBOYHBIN HE BBITTOHEHA Ha 6,47 yac, 3aBblieHa Ha 43,2 %.

Tabnuya 1
Buvinonnenue Hopmvl npocmos mpan3umHno2o 8a20Ha ¢ nepepadbomxol no CMaHyuu
Kpacnooap-Copmuposounwvuii 3a 2020 2.

HauMeHoBaHue mokasarteJs Inawn, p; dakr, f;
IIpocmon mpan3ummnozo 6azona c nepepaodomrou 15 21,47
B mapke npudbITHA: 2,5 2,24
3aKpeIUIeHIE U OTpakJICHUE COCTaBa 0,2 0,29
OXHUIaHuEe 00paboOTKH 0,1 0,71
00paboTka 0,5 0,51
OKHJIaHKue pachOPMHUPOBAHHUS 1,7 0,73
PachopmupoBanue 0,5 0,58
CopTHPOBOYHBII NAPK 8,04 10,27
HaAKOIUJICHUE 7,1 8,22
OXHIaHUE (POPMHUPOBAHUSL 0,69 1,81
(opMupoBaHHE U ITEpPECTAaHOBKA 0,25 0,24
B napke ornpaByienus 3,96 8,38
3aKpeIUICHHE U OrpakJeHHE COCTaBa 0,2 0,2
OXHIaHuEe 00pabOTKH 0,1 0,42
00paboTka cocTaBa 0,75 0,68
obecrieyenue rnoesaa TAroi 1,83 6,11
obecrieueHme oe3/1a TOPMO3aMU 0,73 0,78
O)KHJIAHUE OTIIPABJICHUSI 0,35 0,19

2. AHAJu3 BJMSTHUSA 3J1€EMEHTOB BpeMeHHU MPOCTOsI BATOHOB HA OTKJIOHEHHE
OT HOPMATHBHOTO 3HAYEHHS MOKA3ATeJsI
BrImoTHUM aHAHM3 BIUSHUS 3JIEMEHTOB Ha OTKJIOHCHHE OT HOPMAaTHUBHBIX 3HAUCHUH B
CIIETYIOIIEM MOPSIKE:
1. OnpenenuM  OTKJIOHEHHE O3JIEMEHTOB OT HOpMartuBa 1o  (dopMylie
0; = ﬁ - Pi
OtpurarenbHas pa3HUIA TOKA3bIBAET BBIMOJHEHHE HOPMBI MPOCTOS IO JaHHOMY
DJIEMEHTY, COXpaHEHHE MAaTeMaTUYeCKOW pa3HUIBI HMMEET 3HAueHUE NpU JaTbHEUIIeM
(YHKIIMOHATILHOM HCCIICIOBAaHUH.
fi
Efi
3. PaccuntaeM yIenbHBI BeC OTKIOHEHHS JJIEMEHTa OT HOpMaTWBa IO
oj
Yo
BrImoTHUB aHAN3, UCKITFOYAeM T€ AJIEMEHTHI, 1T KOTOPBIX HOPMATHUB BBITIOTHSICTCS,
U Jajiee TPOBENEM OICHKY KPUTUYHOCTH BIIMSHUS DJIEMEHTOB MPOCTOS ¢ MaKCUMAallbHBIM
OTKJIOHEHHEM Ha HOpMaTuB (Talu. 2).

2. OnpenenuM yzenbHEI BeC SIeMEeHTOB HopMaTtuBa 1o popmyne F; =

dbopmyne 0; =
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Tabnuya 2
Oyenka Kpumu4HOCMU GIUSHUSL OMKIOHEHUS JIeMEeHma NPOCMOosi OM HOPMAmMueéd Ha
HeBbINOIHeHUe MEXHONI02UHEeCKOU HOPMbl

Vieasuoiii Bec Vaeannsiii Bec | OleHKa KPUTHYHOCTH

SeMeRTa OTKJIOHEHUS BJMSIHUS OTKJIOHEHMS
DJ1eMeHTBI IpOCTOST  TPAH3UTHOIO HOpMATHEA 3J1eMeHTA or | 3JemenTa mpocrosi ot
BaroHa c nepepadoTkoii c f HOpMAaTHBA HOPMATHUBA Ha
MAaKCHMAJIbHBIM OTKJIOHEHHEeM F.=—. a; HEeBBINOJIHEHUE

1 Z f ; Uf == Z TEeXHOJIOTH4eCcKoii
0; HOPMBI

- B T.4. O)KHJIaHuE 00paboTKN 0,033069399 0,094281298 0,061211899
- B T.4. O)kuanue (opMUpOBaHUS 0,084303680 0,173106646 0,088802966
Ot oxoHYaHUSA GPOPMUPOBAHMA HIIH
BBICTABKH B MapK OTIPABJIEHHUS 10 0,390312063 0,683153014 0,292840951
OTNpPaBJIeHNs 110€3/]1a
- B T.4. O)KHJIaHUE 00paboTKN 0,019562180 0,049459042 0,029896862
- o0ecrieueHue nmoesaa TAroi 0,284583139 0,661514683 0,376931544 max

MakcuManbHbIM SBJIETCS OTKIOHEHHUE B OJIOKE «OT OKOHYaHUs (HOpMHpPOBAHUS WU
BBICTABKM B IapK OTIIPaBJIICHUS A0 OTIPaBICHUS Toe3la» Mo 3jeMeHTy «(ObecrneueHue
noe3ja TArOW», JAHHBIA 3JIEMEHT TEXHOJOTMYECKOro Ipolecca HaXOOUTCA B 30HE
OTBETCTBEHHOCTH HE TOJIbKO J/lupekiun asmxenus, Ho U Jupekuuu taru. V3meHeHue 31oro
9JIEMEHTA B CPaBHEHUHU C INPOLLIBIM IEPUOAOM IOKA3bIBACT YyBEIMUYEHHUS MPOCTOS BaroHOB
BCJIEJICTBHE OXHJaHUA oOecredeHuss 1moe3qoB JokomMotuBamu (puc. 3). Ilostomy
JabHEHIINe UCCIIEOBAHUS MPOBEEM Ul ATOTO 3JIEMEHTa U BBIOJHUM OoJiee MoIpOOHBIA
€ro aHajus.

AHanmu3 3JIEMEHTOB [0 IMPUHLUITY B3aUMO3aBHCHUMOCTH CBOJIHUTCS K OIPENEICHUIO
CIEQYIOIINUX KaTEerOpUid:

—HE3aBUCHMBIE  DJIEMEHTBl — JJIEMEHTBHI, B3aUMOCBSI3b  KOTOPBIX  HE
MOJITBEPKIA€TCS €IMHBIMH TEXHOJIOTMUYECKUMHU ONIEPALIUsIMU;

—3aBUCHUMBIE 3JIEMEHTBHl — 3JIEMEHTBHI, B3aUMOCBA3b KOTOPBIX MOATBEPKIAETCA
€VHBIMU TEXHOJOTUYECKUMU ONEpPAllSIMU BHYTPH UCCIIEyEMON CUCTEMBI;

— KOCBEHHO-3aBUCUMBIE€  3JIEMEHTbl — 3JIEMEHTBHI, B3aHUMOCBS3b KOTOPBIX
MOATBEPKIAETCA E€IMHBIMU TEXHOJOTMUYECKUMHU ONEPALMSIMU HE BHYTpHU
UCCIIEIyEMON CHUCTEMBI, a BO BHEIIHEW CHCTEME, KOTOpas BIMSIET Ha
UCCIIEAYEMBIH ITpoLiecC.

NPOCTOM BCETrO l l

OTNPHELITHA 4O i
ANA nPOCTOM B

OMMIAAHME PAC®OPMUPOBAHHE
OBPABOTKA COCTABA PA(@OPH‘I‘APO&AHHQ Copf"";gi(;“ﬂoﬂ

IAKPEN/IEHME OMMAAHVE
25,08 FAC'DOD‘:;“DDBAH OTPAMAEHHE OBPABOTKM
cOCTABA ()

02

2019 2020r 2019r. 2020r.  2019r. 2020r. 2019~ 2020r.  2019r 2020r.

,99 123
103
isr 2019r 2020,

2020r

CES 0,51
.
ez Q

@OPMWUPOBAHHWA COCTABA
HWNW NEPECTAHOBKWEIO B
NAPK OTNPAB/TEHWA 10
OTNPABNEHWA 3AKPEN/IEHVE W OMNAAHWE OBPABOTKH

NPOCTOM OTOKOHUAHMA l l

OBECNEYEHWE NOE3AA
OTPANAEHME COCTABA ospasotkacoctasa [ TArOR \ OBECNEYEHNE OMUARHME

prn NOE3AA TOPMO3AMM OTNPABNEHWA

8,38 0.83

6,66 6,11

0,22
0,26 0,42 0,68 3,83
0,20 0,78 0,19
-23,1%] -13,69
19r. v

2019r. 2020r. 20 2020

2018r 2020r 2019, 2020, 2019+ 2020+, 2019r. 2020 2019 2020

Puc. 3. [losnemenmublii ananuz epemMeHu npoCmosi MPAH3UMHO20 6420HA C NePepabomKoll Ha CMAHYUU
Kpacnooap — Copmuposounwiti
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B Hamem npumepe Bce 31€MEHTHI SIBISIIOTCSI HE3aBUCUMBIMHU.

BreisiBuM onpenensromue (HakTopbl (3JIEMEHTHI) HCCIEAYEMOM CHUCTEMBI, KOTOPBIC
OKa3bIBAIOT HauboJiee KPUTUYHOE BIUSHNUE HA OTKIIOHEHHE OT HOPMATUBHBIX 3HaueHUil. OHU
MOTYT OBITh, KaK yCIIOBHO-TIEPEMEHHBIMU, TO €CTh T€, KOTOPbIE BO3MOKHO H3MEHSTh, TaK U
YCIIOBHO-TIOCTOSIHHBIMH, KOTOPbI€ HEBO3MOKHO U3MEHSTb.

B uccienyemom mporecce mpuMeM K PacCMOTPEHUIO TOJBKO YCIIOBHO-TIEPEMEHHBIE
TEXHOJIOTHYECKHUE TIPOLeCChl ((paKkTophl).

DuaemenT «O0ecneueHue mMoe3na TAro»:

v OTCcyTCTBHE JIOKOMOTHBOB ITOJ] ITO€3/1a CBOEr0 (hOPMHUPOBAHHS Ha3HAUYCHHUEM
Ha ctanuuu: (baraiick, M. ['opekuii, KaBkasckasi, Tuxopenkas), BciaeacTBue
HEUCIPAaBHOCTH JOKOMOTHBOB — IIOCJIEACTBHE MPOBEACHHE BHEILUIAHOBOTO
pPEMOHTA JIOKOMOTHBOB, Bcero 361 noe3n miu 4,5% ot oOuiero yucia — co
cpeaHuM mpocToeM Oonee 1,5 yacos;
v OTcyTCTBHE JIOKOMOTHBOB II0J] IO€3/a BCIEICTBUE OXKMIAaHHs JIOKOMOTHBOB
u3 aeno — 80 moe30B co cpeanuM npocroeM 0,69 yaca;
v OXuJaHue JJOKOMOTUBHEIX Opurax — 96 moes3mos co cpeauum npoctoem 0,71
yaca,
v’ 3aBbIIICHUS HAKIAJHOTO BPEMEHH JOKOMOTUBHBIX OpPHIajl 10 OTHPABICHUIO —
obu10 omytieHo 1291 cimy4aii co cpenaum npoctoem 0,7 yaca;
v' TlocTaHOBKa Ha BHEILUIAHOBHIM PEMOHT JJOKOMOTHBA (<0,4 u);
v’ PerymupoBounsie aeiicteust JJHL (< 0,3 u).
Jainee s aHanm3a BeIOEpeM MepBbIe YeThIpe (hakTopa Kak HanboJiee 3HaYNMBbIC.
Jlnsg  panpHEHIIero WCCleNOBaHUS BBEAEM MOHATHE KOd(pQUIMEHTa BIUSHUS

texHomorndeckoro mponecca (K;) — kod(QHIMEHT, MOKA3bIBAIOMIMI OIECHOYHYIO IONIO
BIUSHUS TEXHOJIOTUYECKOro TMporecca (TEXHOJIOTMYECKOH omepamnuu) Ha YIENbHBIN Bec
OTKJIOHCHH:A 3JICMEHTA OT HOpMATHBA.

YaenbHbII BeC TEXHOJOTMYECKOTO TMporecca (TEeXHOJOTUYECKOW omepanuu) Ha

OTKJIOHCHHUC OT HOPMATUBHBIX 3HAYEHUI OIIpCACIIACTCH 110 (I)OpMy.]'Ie ﬂO! = K!' " O!,
Pe3ynbTaThl BRIUMCIIEHUN TPUBEIECHBI B Tabnuiie 3.
Tabnuya 3
Pacuem yoenvrnozo seca mexuonocuueckoz2o npoyecca Ha OMKIOHeHUe OM HOPMAMUBHBIX
3navenuil
YaenbHbIi YaeabHbIi Bec
A Ko3¢punuent !
Bec TEeXHOJIOrHYeCKOro
BJIMSTHUS
OTKJIOHEHHS npouecca Ha
DJIeMEHT 3JI€MEHTa OT TexHOJI0rn4ecKne TEXHOJIOTHYEC OTKJIOHCHHE OT
KOro
npocTod HOPMATHBA, npoueccer HOPMATHBHBIX
0. npoiecca, K i 3HAYEHHH
i
ﬂﬂ'i = Ki " Di
OtcyTtcTBUE
JIOKOMOTHBOB BCJICJCTBHE 0,42 0,2778
UX HEUCTIPABHOCTH
OtcyTcTBUE
JIOKOMOTHBOB BCJIEICTBHE
OXKUJTaHUS J'IOKOM(I)lTI/IBOB 019 0,1257
«O0becneuenne
N 0,661514683 U3 JIeTo
[10€3/1a TATOi»
Osxunmanue
A 0,20 0,1323
JIOKOMOTHBHBIX OpHTa
3aBBIIIEHAE  HAKJIAIHOTO
BPEMEHH JIOKOMOTHBHBIX 0,19 0,1257
Opuras 1o OTIpaBIESHUIO
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3. Pa3paborka meponpusiTMii, HANPaBJeHHbIX HA COKpallleHHe TPOCTOsA
BArOHOB NMPH MEK(PYHKUMOHAJIBHOM B3aMMOAEHCTBUH MOAPa3aeeHuil B

ol0ecreyeHUH TEXHOJIOTHYECKOro MPouecca CTaHMU
JlanpHeNmil aHaJIU3 CBOAMTCS K ONPEIACICHUI0 MEpOIPUATHM, HAIPABICHHBIX HA
COKpaIleHHE 3JIEMEHTOB MPOCTOsI BaroHa ¢ mepepadoTkoi [8-12]. s oneHKH MoiIe3HOCTH
MEpONPUATHI BBeleM KOAIPPHUIMEHT SPPEKTUBHOCTH NPEATOKEHHBIX Meponpusatuii. B
HallleM IpuMepe BBOAUMBIA KOA(PGUIMEHT 3PPEKTUBHOCTH MPEATIOKEHHBIX MEPONPUATHH
OTIpeJIeJIeH AYMIIMPUYECKU C YUeTOM MHEHHIA SKCIIEPTOB B YKa3aHHOH 00JIaCTH MCCIIeIOBaHMUS.
CokpalieHue IpocTosi BATOHOB 10 Ka)KJJOMY MEPOIPUATHIO NIPEICTaBIeHO B rpade 5 Tadu. 4.

Tabnuya 4
Coxpawenue npocmos 8a20H08 N0 KAHCOOMY NPEOLONCEHHOMY MePONPUIMUIO
YaeJabHbIH
Bec Hocturaem | Cokpamenn
TEeXHOJI0ru4ec asi e npocTost
Dj1eMeHThbI KOT0 Mepbl ONTHMHU3AIUA
3¢p¢dexTUB | BAroHOB, Yac
npouecca HOCTh,%
d Df = K i h Df
1 2 3 4 5
KOHTpaKT >KU3HEHHOTO I[UKJIA -
rapaHTHPOBAHHOE YCTPaHEHHE BCEX
BBISIBIISIEMBIX KOHCTPYKTHBHBIX
OTtcyTCcTBHE Py 0,15 0,642
HEIOCTATKOB [TPOM3BOIUTEIIEM,
JIOKOMOTHEOB HE3aBHCUMO OT CPOKa, MPOIIE/IIETro C
BCJIEICTBUE UX 0,2778 ’
HayaJa 9KCIUTyaTaluu
HEHCIPaBHOC-
TH C
BOEBpPEMEHHAS 3aKYIIKA 3aITACHBIX
P Y 0,10 0,428
yacTen
Brimonnenue HOpMBI 000poTa
P p 0,20 0,856
JIOKOMOTHBA
IIpenycMoTpeTh OTAEIbHBIC TyTH HA
CTaHLMAU U1 O)KUIAHUS JTIOKOMOTHBOB 0,05 0,214
OrtcyTcTBHE 0e3 3axo/1a B JICTIO
JIOKOMOTHBOB 3a61aroBpeMeHHOE TIAHUPOBAHHE 0.10 0.428
BCIIEJICTBHE ) )
0,1257 [10/1a4Y¥ JIOKOMOTHBA U3 JETIO
OKHIaHUS
JIOKOMOTHBOB IepecMOTp TEXHOIOTHYECKUX 0.05 0214
U3 Jero MapuIpyTOB JOKOMOTHBOB U3 JIETIO ' '
CornacoBaHHbIE JEHCTBUS 1&KYPHO-
A ASHYP 0,05 0,214
JIMCIIETYEPCKOTO armapara
HHaHI/I OBAaHHC 36OTBI JIOKOMOTHUBHBIX
o P p 0,10 0,428
Oxunanne puran
JIOKOMOTUBHBIX 0,1323 3a0;1aroBpEeMEHHOE BBISIBIICHHE
Opuran YXyIIIEHUS 340POBBS U CBOEBPEMEHHAs 0,05 0,214
3aMeHa JIOKOMOTHBHOW OpHrajibl
3aBbIIIEHHE D dexTnBHOE B3auMOeHCTBHE
HAKIIATHOTO JIOKOMOTHBHOT'O JIETIO U TOIpa3ieIeHu, 010 0428
BpEMEHH 0.1257 00CITy>KUBAIOIIIX TATOBBIN ITOABMKHOH ' '
JIOKOMOTUBHBIX ' CoCTaB
Opuras 1o KoHTPOJTb HCHIOTHUTENBECKON 0.05 0214
OTIIPABJICHHIO JMCUUILUTMHBI TOKOMOTHBHBIX OpHTa ! !

Habop meponpusTuii MOXXET MEHATHCS B CUITY CIIELU(PHUKN OTACIBHBIX MPEIIPUATHH,
HO IpPHU 3TOM BHJHA LIEHHOCTb TOTO WJIM WHOTO MEPOINPUATHUS, YTO MO3BOJIAET HAIJISAHO
OLIEHUTb BIUSHHUE Pealn3alii OTACIbHOIO MEPOIIPHUSTHS HAa HTOTOBBIH MOKa3aTeb.
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BeiBoa: Ilpennaraemas cucreMa  MaTeMaTHYECKOIO — aHAIM3a  BBIIOJHEHUS
KaueCTBEHHBIX IIOKa3aTeJIed COPTUPOBOYHBIMU CTAaHIUSIMU Ha IIpuMepe ctaHiuu KpacHonap-
CopTupoBOoYHBII UMeeT 00J1ee CIOKHBIN AITOPUTM IO CPABHEHHIO C TUIIOBBIMU METOAMKAMH,
OJTHAKO TIO3BOJIAET 0OJiee TOYHO OLIEHUTH «IOJIE3HOCTHY» pa3pabaThIBAEMBIX MEPONPHUATHHA
JUISL COKpAILEHUS IPOCTOS BATOHOB TSI KPUTHYECKOIO TEXHOIOTMYECKOT O DJIEMEHTA.
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Abstract

The purpose of the article is to identify the requirements for SEU that ensure their
reliability. Research hypothesis — at the moment, the requirements for the SEU have been
developed, the implementation of which ensures the creation of reliable SEU.

Keywords: marine power plants, reliability, requirements, engine, electric power
systems.

IHocranoBka mnpodiaemsbl. Cyna 10 CUX IMOP OCTAlOTCSl Ba)KHBIM TPAHCIOPTHBIM
cpeactBoM. HecMoTpss Ha CHMKEHHE NAcCaXXMpOINOTOKA, I'PYy30BOM IOTOK CYIIECTBEHEH.
HmenHo 310 fenaeT HeoOXOAUMBIM CO3/IaHUE HAIECKHBIX CynoB. OIHON M3 TIIaBHBIX YacTel
CyJHa SBJSETCA CyaoBas »3Hepretudeckas ycraHoBka (CDOY). Ot wHagexHoctm CIY
CYIIECTBEHHO 3aBUCUT HAAEKHOCTh Bcero cyaHa. Coznanue HeHanexHoro COY moxer
IPUBECTH K YEJIOBEYECKUM JKEPTBAM, HKOHOMHUYECKHUM IIOTEPSIM U HHBIM HEraTUBHBIM
nocneAcTBusIM. [1o 3TUM npuymMHaM TeMa CTaTbH aKTyasbHa.

Kaxnoe cyaHo HyXaeTcs B Cy1I0BOM SHEPreTHYeCKOl yCTaHOBKE, KOTOpask MOJIXOAUT
€My, COTJIACHO YCJIOBHUSIM SKCIUTyaTallud. BRIABIATH Takue ycIoBUsS HEOOXOAMMO, TaK KakK OT
3TOoro OyJIeT 3aBUCETh HAJEKHOCTb U  0€30TKa3HOCTh  HUCHOJIb3YyeMOH  CyJ0BOH
SHEPreTUYECKOn yCTaHOBKH [1].

HanexHOCTh CylOBOM SHEPreTHYecKOM YCTAaHOBKM BBISABIAETCS C IOMOLIBIO
pa3nuuyHbIX TpeboBaHWil. HecMoTps Ha HEOOXOIUMOCTH BBINOJIHEHHE TPeOOBAaHUI
OTHOCHTEJIBHO HAJIEKHOCTH, CyJI0Basi SHEPreTHdecKas yCTaHOBKA JIOJKHA BBINOJIHATH U UHBIE
tpeboBanus. Tak, COY momkHa ObITh SKOHOMHUYHOW. 31€Ch UMEETCS B BUY, YTO CTOUMOCTD
CO3JIaHUs CTPOMTEIbHON SHEPreTHYEeCKON YCTaHOBKH, a TAaK)K€ pacxXojbl Ha 3KCIUTyaTaLUIO
JOJDKHBI OBITH onTUMaibHbIMU. [Ipum 3TOM cyJoBas SHEpreTMdeckas yCTaHOBKA JIOJDKHA
o0ecrieunBaTh HEOOXOAMMYIO CKOPOCTh JBIJKEHHS CyJHA, a Takke obecrneynBarhb
MaHEBPEHHOCTh cynaHa. [Ipu 3TOM cyaoBasi sHEpreTHYeckas YCTaHOBKA JIOJIKHA BBIIIOJIHATh
HECKOJIbKO 3proOHOMHUYEeCKUX TpeOoBaHui. Crofa OTHOCATCA, HAllpUMep, YCIOBUS XKU3HHU JIMIL,
paboTaroux Ha cyaHe. Takyke ynpaBiIeHUYECKHE U peryiasTopHble mpouecchl COY nomKHbI
ObITh aBTOMATH3UPOBAHbI, OHA HE JIOJDKHA HETaTHBHO BIMATH HA SKHIAX, OKPYKAIOLIYIO
cpedy, W TpU 3TOM OBITh MaJIOTAa0ApUTHOH, MMETh Mallyl0 Maccy M COOTBETCTBOBATH
ACTETUYECKUM TpeOoBaHUAM [2].

Hcxons w3 Bcex TmpencTaBieHHBIX TpeboBanuit k CDY, nemaeM BBIBOA O
HEOOXOIMMOCTH OJHOBPEMEHHOI'O COYETAHUS MHOXKECTBA PA3JIMYHBIX XapaKTEPUCTUK. DTO
nenaer co3gaHue COVY  upe3BblYaliHO OTBETCTBEHHON paboroil. OnHako, MoKa3aTenu
HaJIe’KHOCTH ellle He ObIJIM N3y4eHbl, IMEHHO OHM SBJISIOTCA BaxkHeHmmmMu s COVY.

N3yuas 'OCTbl, MOKHO BBISIBUTH CIIEAYIOIIEE ONPECIECHNE HAJEKHOCTH CYJI0BOU
SHEpPreTH4ecKoil YCTaHOBKU — 3TO CHOCOOHOCTh MPHUIABaTh CYJIHY HEOOXOAUMYIO CKOPOCTb,
oOecrieunBaTh  HaIexamee  (YHKIMOHMPOBaHHME  OOIIECYOBOTO  00OpYyIOBaHHMA,
oOecrieynBasi TpU OSTOM OKCIUTyaTallMOHHbIE TIOKAa3aTeNIM 3a HEOOXOAMMbIE NEPUOBI.
Hapnexunocts COY COCTOMT U3 YeThIpeX IOKas3aresei: O0e30TKa3HOCTh, JO0JTOBEYHOCTH,
PEMOHTONPUTOTHOCTD U COXPAHSIEMOCTh. V3yunM gaHHbIe MOKa3aTenu 0osee moapoOHO.

Ilon 0e30TKa3HOCTBIO HEOOXOAMMO MMOHMMAaTh cBoiicTBO COY  KOppeKTHO
(GYHKIIMOHUPOBATH 33 CPOK IMOJIE3HOTO UCIOJIb30BaHUS.

be30Tka3HOCTH COCTOUT U3 CIEAYIOINX MTOKa3aTeNei:

—BEpOSITHOCTh 0€30TKa3HOW paboThl — BEPOSATHOCTb TOTO, YTO B IMpEesiax
3aJJaHHOM HapaOOTKU OTKa3 0OBEKTa HE BO3HUKHET;

—cpeaHsist HapaOoTKa 10 OTKa3a — MaTeMaTHYeCKoe OXXKMIaHHe HapaOOTKU 10
NIEPBOIO OTKA3a;

—TraMMa-TIpoLeHTHas HapaOoTKa 10 OTKa3a — HapaOOTKa, B TE€UEHHE KOTOPOM
OTKa3 MPOU30MIET ¢ BEPOSTHOCTHIO, BEIPAXKEHHOW B MPOLIEHTAX;
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—cpenHss HapaOoTKa Ha OTKa3 (HapaOOTKa Ha OTKAa3) — OTHOIICHUE HApaOOTKH
BOCCTAHABIIMBAEMOTO O0BEKTa K MaTeMaTHYECKOMY OXXHJIAHUIO YHCIa €ro
OTKa30B B TCUCHHE ITOH HapaOOTKH;

—WHTEHCUBHOCTb  OTKa30B —  YCJIOBHas  IUIOTHOCTb  BEpPOSITHOCTHU
BO3HUKHOBEHHSI 0TKa3a HEBOCCTAHABJIMBAEMOro 00BEKTa, ornpenessemMas s
paccMaTprUBaeMOro MOMEHTa BPEMEHHU IPU YCIOBHH, YTO J0 3TOIO0 MOMEHTa
OTKa3 HE BO3HHUK;

—IapaMeTp I0TOKa OTKa30B — OTHOLIEHUE CPEIHEro 4Yuciaa OTKa30B
BOCCTAHABIIMBAEMOI'0 OOBEKTa 3a IMPOM3BOJILHO Majlyl0 €ro HapaboTKy K
3HAUEHUIO ATON HApaOOTKH;

— JIOITOBEYHOCTh — CBOMCTBO OOBEKTa COXPaHATh PabOTOCHOCOOHOCTH [0
HACTYIUICHHSI TIPEIETHHOTO COCTOSIHHS C HEOOXOJMMBIMH TEpephIBAMHU Ha
TEXHUYECKOE 00CITy)KMBaHHE U PEMOHT [3].

[Ipu 3TOM TOJITOBEYHOCTH COCTOUT M3:

—CpeHul pecypc — MaTeMaTH4eckoe 0’KUJaHUe pecypca;

—TramMMa-TpoIeHTHBI pecypc — HapaboTKa, B TE€YEHHE KOTOPOM OOBEKT He
JIOCTUTHET IMPEIEIBHOTO COCTOSHUSA C 3aIaHHOU BEPOSTHOCTHIO, BHIPAXKEHHOU
B IIPOLIEHTAX;

— Ha3HAauYeHHBIA pecypc — cyMMapHas HapaOoTka OOBEKTa MpU JOCTHIKEHUU
KOTOpPOM MPUMEHEHHE M0 HA3HAYEHUIO JIOJKHO OBITh MPEKPAICHO;

— CpeHU CPOK CITYKObl — MaTEMATHUECKOE OKUJIAHNUE CPOKA CITYKOBbI;

—TramMMa-TpOLICEHTHBIM CPOK CIIyKObl — KaJleHJapHas MPOJOJKUTENIbHOCTh OT
Hayajla SKCIUTyaTallud OOBEKTa, B TEYEHHE KOTOPOW OH HE JIOCTUTHET
IIPEACIIBHOIO COCTOSIHUS C 3aJaHHOW BEPOATHOCTBIO, BBIPAXKEHHOU B
MPOLICHTAX;

—Ha3HAYeHHBIH CPOK CIHYX)Obl — KalleHAapHas TMPOJOKUTEIHHOCTh
JKCIUTyaTalluid O0BEKTa, MPU JOCTHKEHHUHW KOTOPOM TPUMEHEHHE IO
HA3HAYCHHIO JIOJDKHO OBITH MIpeKpaieHo [4].

I[Ton  peMOHTONPUTOAHOCTHIO  HEOOXOJWMO  TIOHMMAaTh  CBOWCTBO  CYJOBOMU
SHEPreTUYECKOM YCTaHOBKH, KOTOPOE 3aKJIIOYAeTCs B aJalTHUPOBAHHOCTH K BBISBIICHHUIO,
NpPEAyNPEKJACHUI0 W JIMKBHJAIMM  OTKAa30B, a TaKXKe HEUCIPaBHOCTEH  depes
TEX00CITy)KHBaHHE, PEMOHT 1 3aMEHY.

PemoHTONIpUTOIHOCTH TaKXKe UMeeT okasarenu. [IpeacraBum ux:

— BEPOSITHOCTh BOCCTAHOBJIEHUS — BUJ] BEPOSITHOCTH, COTJIACHO KOTOPOU Bpemst
BOCCTAHOBJICHHE Pabovero coOCTOsIHUS He OyeT BhIIIe 3aJaHHOTO;

—YyCpenHEHHOE  BpeMsi  BOCCTAaHOBJECHHsS  pabouero  COCTOSHUS -
MaTeMaTHYeCKOe OKHUJaHHEe BPEMEHHU BOCCTAHOBIEHHUS PabOTOCIOCOOHOTO
COCTOSIHUSI.

[Tox coxpaHseMOCThIO HEOOXOJMMO MOHHMATh CBOMCTBO CYZOBOM SHEPreTHUYECKON
YCTaHOBKM  yAEp)KMBaThb B  HY)XHOM  JHara3oHe  IOKa3aTenu  0e30TKa3HOCTH,
PEMOHTONPUTOTHOCTH U HEKOTOPBIE HHBIE TIOCIE KOHCEPBUPOBAHUS WIIH TPAHCIIOPTUPOBKH.

VY cOXpaHIEeMOCTH BBIJEISIOT CIEAYIOLIUE TOKAa3aTeNu:

—Cpe)IHI/Iﬁ CPOK COXpaHACMOCTH — MATEMATHUYCCKOC OXHWAaHUEC CpOKa
COXPAHACMOCTHU,
— FaMMa-HpOHCHTHBIﬁ CPOK  COXpaHACMOCTU — CpPOK COXPAHACMOCTH,

JOCTUTHYTBI OOBEKTOM C 3a/JlaHHOM BEPOSTHOCTHIO, BBIPAKEHHON B

npoLeHTax [5].
s cobmonennst Bcex TpeboBanuit k COY U co3naHus ee HaJle)KHOM, He0OXOAMMO
rPAaMOTHO MPOEKTUPOBATh e€€. FIMEHHO MO3TOMY KIIIOUeBasl 3a/1aya MPOEKTUPOBAHUS CYyI0BOM
HHEPreTUYECKON YCTaHOBKM — MOAOOp MEXaHU3MOB, KOTOpPbIE MAaKCHUMAaJIbHO BO3MO>KHO
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YIOBJICTBOPAT BceM TpeOoBaHusM pgaHHoro cymaHa. Co3manue mpoekta COY  saBiseTcs
4acTbIO IPOEKTUPOBAHUs BCero cyaHa [6, 7, 8].

B Hauanme mnpoektupoBanus COVY, cOCTaBISIETCd TEXHUYECKOE 3aJlaHUE, KOTOPOE
CO3/1aeT 3aKa34yuK. 37€Ch YKa3bIBAIOTCS UCXOHBIE TaHHbBIC KEIAEMOro cyJHa. BaxkHo ykazarthb
Ha3Ha4YeHHE CyAHA, MpelroJiaraeMble PailoHbl, B KOTOPHIX OHO OyJeT IMiaBaTh, HY>KHYIO
Ipy30I0bEMHOCTB, JKEIAEMOE KOJUYECTBO MACCAXKUPOB U Tak jaajiee. Bece 310 cyliecTBeHHO
MOBJIMSET Ha M30MpaemMyro poekTupyemyto COY.

Korna texHuueckoe 3aaHME COIVIACOBBIBAETCS U YTBEPXKAAETCS, OHO BbLIAETCSA
bupme, koTopas OyAeT OCYLIECTBIIATh PEau3allnIo MPOEKTA.

[ToyunB TeXHUYECKOE 3aJaHKE, KOMITAHUS (POPMUPYET TEXHUIECCKOE MPEIOKCHHUE.
IMeHHO B HEM C TEXHHUYECKOM M TEXHUKO-DKOHOMUYECKOW CTOPOHBI OOOCHOBBIBACTCS
11e51eco00pa3HOCTh CO3JAaHUs CyIHA C JKEIaeMbIMU MapameTrpaMu. PaccMOTpeB M yTBEpAWB
TEXHUYECKOE MpelJIokKeHHe, (OPMUPYIOT OCKHU3HBIA MPOEKT. B 3cKku3HOM mpoekTe
MPEACTABIIEH TEOPETUUECKUI YEPTEXK CYJIHA, BBIABIECHA MOIIHOCTh CYJIOBOM 3HEPreTUYECKON
YCTaHOBKH, ONpEeNIeH COCTaB U MapaMeTphbl UCIIOJIb3yeMOro obopynoBanus. Beibop vacreit
CDY — oana u3 Hamboee BaXKHBIX YaCTe pabOTHI 371eCh, TAK KaK UIMEHHO OT HEE 3aBHUCHUT
HAJISKHOCTh U UHBIE XapaKTePUCTUKU OyAyIIEro CyaHa.

[ToxBoas UTOT CcTaThy, AeNIaeM BBIBOJ O HAJTUYUUA MHOXKECTBA TPEOOBAHMIA K JTHOOOU
COYVY. Bremonnenue 3Tux TpeOoBaHUW 00s3aTenbHO. [Ipu 3TOM 4YpE3BBIYAMHO BaXHO
coOIIo/IaTh BCE IMOKA3aTeNld HAJEKHOCTH, TaK KaK TOJBKO B TaKOM Clydyae MOXHO Oyaer
CUMTATh CYJTHO O0€30macHbIM AJis pabOTHI U MEPEBO3KU I'PY30B U IPaKIaH.
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AHHOTAIUA

B crathe mpoBenéH aHAIU3 COBPEMEHHBIX OTCYCCTBEHHBIX M 3apyOC)KHBIX CHCTEM
peryaupoBaHus pexxuMa paboThl OypPHUILHOW KOJIOHHBI B TIPOIECCEe YIMyOIeHHs] CKBAXKHHBI C
[IEJIbI0 MCIIOJIB30BAHMSI ATOTO MaTepuaia B JadbHEHIIEM /i 00eCIICUeHUsT aBTOMAaTU3aIluN
yrnpaBieHus: OypeHreM HEe(TSHBIX U Ta30BbIX CKBAXKUH.

KiaroueBble cjioBa: OypeHue, ynpaBlieHUe, TapaMeTphl, aBTOMATH3aIUs, aJallTHBHBIC
CHCTEMBI.

Abstract

The article analyzes modern domestic and foreign systems for regulating the operating
mode of a drill string in the process of drilling a well in order to use this material in the future
to ensure automation of oil and gas well drilling control.

Keywords: drilling, control, parameters, automation, adaptive systems.

AHanu3 COBpPEMEHHBIX OTEYECTBEHHBIX M 3apyOeXHBIX CHUCTEM pPEryJIHMpOBAaHUS
pexumMa padboThl OypUIIbHON KOJIOHHBI B IPOLIECCE YIITyOJIEHHUS CKBaXKUHBI IPOBEAEM 110 ABYM
HO3ULUAM:

— 00BEMY KOHTPOJIUpPYEeMOi HH(OpMAIHH;
— KOJIMYECTBY pelIaeMbIX Ha OypoBoii 3a1ad.

B Poccun KOHTpOdb U ymnpaBlieHHE OypeHHEM CKBaXKHH MPOBOAMUINCH M YaCTUYHO
IPOBOJSTCS B HACTOAIIEE BpeMs C MOMOIIBIO MyJIbTOB KOHTpossi Oypenus tumnos IIKB —
1,2,3, KIIb 5a, KIIb — 50, UPb - 41 u apyrux, KOTOpbIe MPEACTABISIOT CO00 HAOOPHI
M3MEPUTENbHBIX TPUOOPOB /1J1s1 KOHTPOJISI OCHOBHBIX ITapaMeTPOB OypeHus:

—Harpy3KHy Ha JI0JIOTO U Ha KPIOKE,

—4acTOTHl 000POTOB J0JI0Ta (pOTOpa),

— KpYTSAIIEro MOMEHTa Ha J0JI0Te (POTOpE),
—Ppacxojia ¥ 1aBJIeHUS] TPOMBIBOYHOM KUJIKOCTH,
—TeKyIlIel MPOXOJKU U TITyOHUHBI CKBKUHBI.

OcHOBHas 3ajaya JaHHBIX CHUCTEM KOHTpOJII W yINpaBiieHUs OypeHueMm -
IPUJIEPKUBATHCA 3aJJaHHOTO MPOEKTa Ha CTPOUTENHbCTBO CKBAaXXUHBI. Pe3ynbTaThl mporecca
OypeHust (UCHoONb3yeMble 3HAYEHMs MapaMeTpoOB) 3aHOCATCS OYpPWIIBIIMKOM B pamopT, K
KOTOPOMY TpHUJIaraeTcsi Kpyropas JMarpaMMa OCHOBHOTO MapaMeTpa COBPEMEHHBIX CHUCTEM
OypeHust - Harpy3ku Ha MOPOJOPa3pyIIAIOIIMKA UHCTPYMEHT. [IOMOTHUTEIbHO K OCHOBHBIM
napaMmerpam OypeHHus JabOpaTOpHBIMU MPUOOpPAMH ONPEAENAIOT IUIOTHOCTh OypoBOTO
pacTBOpa, €ro BSI3KOCTb, CTATUYECKOE HAIpspKeHHE casura uepes 1 u 10 MuHyT, TeMneparypy
pacTBopa Ha BbIxoJe. KoHTponmupyembie mpruOopaMy CUCTEM YIpPABIICHUS, MEpeUHCICHHBIE
JAHHBIE OTHOCSTCA K MEXaHMYECKUM IapameTpam OypeHHs W THIPABIHMYECKUM IapaMmeTpam
MPOMBIBKH, MPUYEM OOJIBIIYIO OO COCTABISAIOT MapaMeTpbl MEXaHUYECKOro OypeHus, Ha
KoTOpbIe Tipuxoautcs 60-75% ot o01iero Ynciaa KOHTPOIUPYEMBIX mapameTpoB [1].



JIlendenyuu paseumus HayKy u obpasoeanis -77-

OnHa W3 COBpPEMEHHBIX Takux cucteM KoHTpois "Kontyp - 2", ocHaiieHa
KOMITbIOTEpOM st cOopa, 0OpabOTKM M pEerucTpaluy napaMeTpoB OypeHHs B Ipolecce
yriryOku ckBakuHbI U BeityckaeTrcs OOO HIIIT «I'eocdhepay.

3apyOexHble CHCTEMBbl M IYJBThl KOHTPOJS OypeHHs Takke B OCHOBHOM
npeIHa3HayeHbl JJIs peaiu3aly MpoeKTa Ha OypeHue, HO MPH 3TOM KOHTPOIHUPYIOT
npuMepHO B 2 pasza Oonbmnii 00bEM naHHBIX. K Bhlllle IEpEYUCIEHHBIM OCHOBHBIM
napamerpam OypeHusi 100aBlieHbl CKOPOCTh M IUIOTHOCTH PAcTBOPA HA BBIXOJIE CKBAXKUHBI,
IUIOTHOCTh pacTBOpa M €ro pacxoj, COJAEp)KaHME ras3a, MPOXOoJKa Ha J0JIOTO, KPYTALIUI
MOMEHT IpHU CBUHYHMBAHUHM TPYO u Ap. IIpu 3TOM K BBINOJIHEHHIO PEKOMEHIAIUI MPOEKTa
OTHOCSITCSI OY€Hb CTPOro, IIPU BCEX OTKIOHEHUSX OT IPOEKTa MOJKIOYAr0T
COOTBETCTBYIOIIUX CHEIHAIUCTOB. Eciu pacTBOp Mm10oxo oymninaer CKBakKUHy mud-uHXKeHepa,
eclii Masia mpoxojika chisel — umkeHepa crienuanucTa 1o J10J0TaM, €CIH KOJOHHY 3aKIHHHUIIO
B CKBa)KHMHE - MH)KEHepa 1o MpuxBaraM, u ap. Mx paboTa BeI3BaHa yallle BCEro HEAOCTATKAMU
NPOEKTa M3-32 OOJBIIUX MOTPEUTHOCTEH B T€OJIOTHYECKON MH(POPMALMHU 110 MECTy OypeHHS,
TEM He MeHee 3a py0eKOM IMPOEKT BBIMOIHIETCS OYEHb CTPOTO.

K takum nynberam koHTpOoist Oypenus otHocstes [IKB ¢upmsr "Mapun [{pkep", mynbt
ynpaBieHus: OypenneMm ¢upMbl  "ToTkokomaHA'", KOMIUICKTBI —ammaparypel  (GupM
"Mynstudep”, "xuonorpad Oitn @unn CepBucuz" U MyabThl KOHTPOJIS M YIPaBICHHS
JIPYTUX CUCTEM.

B P® u 3a pybexoMm paboOThl MO ONTUMHU3AIUN MEXAaHUYECKOTO OYypeHHus: C IeJbIo
MOBBIIICHHSI ero 3G HeKTUBHOCTH Hadanuch B 1960-1970-x rogax mponuioro crojetus. beuio
pa3paboTaHO HECKOJIBKO METOJIMK OINTHUMAJbHOIO YIIpaBlieHUs OypeHHUEM, B OCHOBHOM,
MOCPEACTBOM JKCIEPUMEHTAIBHOIO MPOOHOr0 OypeHHsl [UIsl BbBISBICHHS ONTUMAJIbHOTO
COYETaHUsI OCEBOH Harpy3ku Ha J0J0TO G M YIJIOBOM CKOPOCTH BpalleHHs I0JI0Ta ( Ha
OJIHOPOJIHOM TIO COCTaBy MopoJ uHTepBane Oypenus. [Ipu cmene pa3dOypuBaeMoil MOpPOIbI
MIOUCK ONTHUMyMa TIPOU3BOAMIICS 3aHOBO. B xonme mnpoOGHOro OypeHHs ONTHMAalIbHBIC
COUETaHMS OCEBOM HArpy3KH M YaCcTOTHI BPAIICHUS PACCUUTHIBAINCH IO MATUTOYEYHOU cXeme
Ha OBM wimu 6e3 He€ nmo crenuaibHO MOCTPOEHHBIM HOMOTpaMMaM. B 3ToMm ciydae cranu
BO3MOXXHBI 3HAYUTENIbHbIE OTKJIOHEHHS OT PEKHMMHOM 4YacTU MpoeKkTa OypeHus, OH CTaj
pPEKOMEHIATENbHBIM W CIYXXHT, B OCHOBHOM, Ui 3a/laHUSl JJIEMEHTOB KOHCTPYKITUH
CKBQ)KUHBI U €€ 000py10BaHUS.

B 1978 rony na I'omenbckom nonurone CnenuaibHOTO MPOEKTHO-KOHCTPYKTOPCKOTO
OIOpO aBTOMAaTHM3aIlMK TIYOOKOro pa3BeAoyHOTO OypeHus (OypOBBIX aBTOMATOB) OBLIH
YCHEIIHO 3aKOHYEHbl MCHBITAaHUS NIEpPBOM B CTpaHE aBTOMATU3MPOBAHHON OypoBOI
yctaHoBkH Ypanmmam 125A. Jlns Hee Obuta pa3paboTaHa KOMITBIOTEPHU3UPOBAHHAS CTAHIIHS
KOHTpPOJII M TeoJioro-TexHoiorndeckux uccienoBanuit CAOb (cTaniuus aBTOMaTH3alud U
ontuMu3zanuu  Oypenus). Takum oOpa3oM BIEPBBbIE MOSBUIUCH HH(GOPMAIMOHHO-
uzmeputenbheie cucteMbl (MMC), KOTOpble MOMONHUTENHFHO CTald M3MEPATH MapamMeTphl
OypoBoro pacTBOpa Ha BXoae / BeIxojme ckBaxuHbl (cuctemsl CPb — 1, UUC, CCH,
V36ekucran, 304 ¥ 1p.). ITH CUCTEMBI pelllaid M JO CHX MOp PELIaloT OCHOBHBIE 3a]lauu
Oypenus. Onu uzmepstotr ot 16 no 28 nmapamerpos (cranuuu "Jleyza — 2, AMT — 121 u np.).
B cambix coBepmennbix MUC npumepro 38% KOHTPOIUPYEMBIX apaMeTPOB MPUXOJUTCS Ha
ONITUMH3AIMIO TIpoIiecca paspylieHus: moponabl, 47% - Ha TPOMBIBKY, OCTaJlbHbIE — Ha
CHIDKEHHE aBapUHHOCTH IpolLecca.

Ot uHQOPMAIMOHHO-U3MEPUTENIFHBIE CUCTEMBI TpeIHa3HaueHBl i cOopa U
o0paboTku OypoBoil wuH(popManuM, pacyéra ONTUMAIBHBIX IapaMeTpoB OypeHHs,
NOJICpKaHUS 33JaHHBIX WIM PACCUUTAHHBIX PEKUMOB OypeHHMsI, OTIEpPAaTUBHOTO yIpPaBICHUS
IPOIIECCOM, a TaKKe JJIs 3alIUThl 000pYIOBaHUS OT MEPErpy30K U MPeIOTBpAIECHUS aBapHuid
u ocioxHeHui. K HemocTaTkam 3THUX CHUCTEM, CJEAyeT OTHECTH TO, YTO ONTHMM3AIUSI
PSKMMOB MEXaHHYECKOTO OypeHHs TPOBOAMTCA B HUX IO pe3yjibTaTaM MpOOHOTro
MOMCKOBOI'O KCIEPUMEHTA, YTO MPUBOJUT K HEMIPOU3BOJICTBEHHOMY M3HOCY 00OpY/IOBaHUS,
OOJIBIIIM MOTEPSIM BPEMEHHU M YBEJINYCHUIO CTOUMOCTH CKBaYKUHBI.
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3a pyOexoMm cHCTeMbl YyIpaBieHHs OypeHHEM BBITYCKAIM U  MPOJOJIKAIOT
NPOM3BOJIUTH KaK MPOCThIE MyJbTHl MOHUTOPUHTA (0T 5 10 6 mapameTrpoB OypeHHs), TaK U
cinoxueie UAC st koHTposst 10 32 MEXaHUYECKUX, THIPABIUYECKUX, PEOJOTHUYECKUX H
TEXHUUYECKUX TapaMeTpoB. OHU pemiaroT HEemOCPEeICTBEHHO Ha OypoBOW Wi w3 OypoBOTO
LIEHTpa T€ K€ 3aJa4u 4YTO M HAIlM, HO CTOAT Ha mopsaok gopoxe. B CIIIA B Hactosmiee
BpEeMs HaXOJUTCS B KCILTyaTanuu 0osee 80 mog0OHBIX CHCTEM, aHATOTHYHBIC CUCTEMBI €CTh
B ['epmanuu, @pannuu, AnoHuu u psase Ipyrux CTpaH.

B Poccum B Hacrosimee BpeMsl JHAUPYIOIIEE IMOJOXKEHHE IO BBIMYCKY OypOBBIX
HH()OPMAITMOHHO-U3MEPHUTEIIBHBIX CUCTEM 3aHUMAIOT JBe opranm3anuu — 000 "3A0 AMT",
r. Cankr-IlerepOypr u OAO HII® «I"eodusukar, r. Yoa.

000 "3AO0 AMT" co3nano B 1992 roxy B Cankrt-IleTepOypre cnenuaiucramu B
00JlaCTU MOHUTOPUHIA M aBTOMATHU3AIMKM TEXHOJIOTMUECKUX MPOLECCOB CTPOUTEIbCTBA
CKBa)KMH Ha He(PTh U ra3 U BbITycKaeT ceMelcTBO ctaniuit AMT, npenHa3zHadeHHbIX JUIS:

—KOHTPOJsI W yNOpaBlICHHUS TEXHOJIOTMYECKUMHU IpolieccaMu  OypeHHs
HE(TSAHBIX U Ta30BbIX CKBAXKUH;

— KOHTPOJISI W YIPaBJICHUS TEXHOJOTHUYECKUMHU IMPOIECCAaMU KaUTAIBHOTO
pemonTta ckBaxkuH (KPC);

—Te0JIOT0-TEXHOJIOTHYECKOT0 KOHTPOJIS U ONTHMH3AINN OypeHHsI HEPTIHBIX U
ra3oBbIx ckBaxuH (I'TU).

Cucrema HEMpPepBIBHOTO KOHTPOJIS Tporecca Oypenus «Jleyza-2» npenHa3HaueHa Ass
pPEruCTpaliii OCHOBHBIX TEXHOJIOTHYECKUX IapaMeTpoB Oypenms. B e€ coctaB BxomAar
KOMIUIEKT JaTYMKOB TEXHOJIOTUYECKUX MapaMeTpoB OypeHwsi, Tabao Oypuibiiyka u padbouee
MecTO OypoBOIro MacTepa.

B cepuithom Bapuante crtaHuus «Jleysza-2» peructpupyer ciaeAyrolue MepBUYHBIC
napameTphl:

—BeC KOJIOHHBI Ha KPIOKE;

— KpYTSIIUHA MOMEHT Ha JI0JIOTE;

— JIaBJICHHUE IPOMBIBOYHOM KHUJAKOCTH Ha BXOJI€ CKBa)KUHBI;
— IJIOTHOCTh MPOMBIBOYHOM KUJIKOCTH B IPUEMHOU €MKOCTH;
— YPOBEHb IPOMBIBOYHON KHUIKOCTH B IPUEMHOIN €MKOCTH;
— WHJIUKATOp MOTOKA MPOMBIBOYHOMN KUIAKOCTH Ha BBIXOJE;
—pacxo/l MPOMBIBOYHOM >KUJIKOCTU HA BXO/IC;

— TATYUK TIIyOUHBI.

[Ipu HeoOxomumocTu cranmus «Jleyza-2» ¢ CHCTEMO KOHTPOJISI TIpoliecca OypeHus
MOKET KOMIUICKTOBAThCS  JIOMOJHUTEIBbHBIM  HAOOpPOM  JaTYMKOB JUISI  U3MEPEHHS
TEMIIEpaTypbl  MPOMBIBOYHOM JKHJIKOCTH HA  BXOJE/BBIXOJZIE;  DJIEKTPOIPOBOJIHOCTH
MPOMBIBOYHOM KUJAKOCTH HAa BXOAE/BBIXOJIE; MOMEHTa Ha KIIOYE, CyMMapHOTO
ra3oCco/IepXaHus U APyrux mapaMeTpoB, BCETro A0 32.

Nudopmanus ¢ mepBUYHBIX JAaTYMKOB TIOCTyHmaeT Ha TaOno Oypuiblivka U
BU3yJIM3UPYETCA Ha MU(POBBIX M JTUHEHHBIX HWHAMKATOPAX B HATJIAIHOM ISl OypHIIBIIAKA
Bune. B mocrnenytomem Bcs mHpOpMaIms mocie OnuGpoBKH M TMEPBUYHON 0O0pabOTKU
MOCTYTIaeT Ha KOMITBIOTEP Ha pabodee MecTo OYpOBOTO MacTepa.

[Iporpammuoe obecrieuenne cTanuu «Jleysa-2» coCTOUT U3 ABYX 4acTel:

— MPOrpaMMHOE 00ECTICUCHHE PETUCTPALIMH TEXHOJIOTHYECKUX TaHHBIX;
— [IporpaMMHOE o0ecrieueHrne NpocMoTpa U 00pabOTKN COXPAHEHHBIX JaHHbBIX.

[IporpamMmmHoOe obecrieueHre PerucTpaluyd TEXHOIOTUYECKUX JaHHBIX MPeIHA3HAYEHO
s coopa, XpaHeHHss © 00paboTkm uWHPOpPMAIMK, TOCTyHAOmEed C JaTYUKOB,
pacToOKEHHBIX Ha OypoBOW, M TMO3BOJISIET B pPEaTbHOM MacliTade BPEMEHU pelaTh
CIIeIyIOIIME 3a/1a4H:

—TmpueM U  OmnepaTuBHyl0 00paboTKy wWHpOpMamuu OT  JaTYUKOB
TEXHOJOTHYECKHX apaMeTpoB OypeHUsl, paclo0KEHHBIX Ha OypOBOiA;
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—pacueTr BTOPUYHBIX [1apaMETPOB;

— BU3yaJIU3alii0 HHPOPMALIMK HA MOHUTOPE B BUJE AMArpamMM M B TaOJIMYHOM
BU/JIE;

— ¢opmupoBaHue 0a3bl JaHHBIX PEAJTLHOIO BPEMEHH B MacIITabax BpEeMEHH,
[NIyOMHBl U «UCIPABICHHONW» TIyOWHBI C JajJbHEHIINM COXpaHEHHEM BCeEil
UH(POPMALIUU HA )KECTKOM JIUCKE;

—pacyer U peKOMeHanus HanboJiee ONTUMANIBHBIX Harpy30K;

— BbIIauy ONEPATUBHON MHPOPMAIIMK HA NIE€YATh.

[IporpammHoe obecrieueHne NpocMoTpa U 00pabOTKU COXPAHEHHBIX JaHHBIX CTAHLIUU
«Jley3za-2» npegHazHaueHO AJI IPOCMOTPA, aHAJIN3a U UHTEPIPETALMU 3aPETUCTPUPOBAHHBIX
JAHHBIX, 3allUCaHHbIX IpelBapUTENIbHO B 0a3y JaHHbIX peajbHOoro BpeMeHu. Ilo
PErUCTPUPYEMBIM [10KA3ATEISIM B aBTOMAaTHUECKOM PEKHUME COCTABIISAECTCS CYyTOUHBIN Paropr,
a TaKKe parnopra o KOHKPETHOMY MHTEpBally, Kak 0 JJOJI0JIEHUIO, TaK U 110 BCEH CKBaXKHHE.
DT 1oKa3zaTenu I03BOJISIIOT  PacCUUTHIBATL M BBIJABAaTh TEXHUKO-DKOHOMUYECKHE
HIOKa3aTesu mpouecca OypeHus.

Bes momydennas uHpopMmanus TepenaeTcsi 4epe3 CHCTEMY CIIyTHUKOBOW CBSI3U
HEMOCPEACTBEHHO ¢ OypOBOM yCTaHOBKHM B TEXHOJIOIMYECKHE OTJENbI YIPaBICHUsS OypOBBIX
paboT MpoM3BOACTBEHHOTO OOBEIMHEHHUS U LEHTP 00pabOTKKM MH(POPMAIUHU, YTO MO3BOJISET
CHeLMAINCTaM TEXHOJIOTHYECKOM CITy>KObI OIIEpaTUBHO NPUHUMATh PELICHUS 10 YIPABICHUIO
IPOLECCOM IPOBOJKU CKBAKMHBI IPU BO3HUKHOBEHHM IpEAABapUNHBIX M HEIUTAaTHBIX
CUTYyaLIH.

BoisiBieHO, 4YTO ONTHMalbHOE YIpaBICHUE, a TaKkke O€30HMacHOCTh MPOBOJIKU
CKBaXXHH BO3MOXXHBI TOJIBKO IIpU OypeHHM C IOMOUIbIO CAMOHACTPAMBAIOLIUXCS CUCTEM
agantuBHoro ymnpasieHus (CAnY), KOTOpble B peXUME PEAIbHOTO BPEMEHU aBTOMAaTUYECKU
HOJCTpauBarOTCA 10/ 3a00iHbIE YCIOBHUS, @ TAKXKE peIIaloT Ha OYpOBBIX 3aJlaul yIpaBICHUsS
CIIyCKOTIOABbEMHBIMU ONEPALUIMHU, OCYIIECTBISAIOT KOHTPOJIb TEKYIIETO COCTOSHUS 00BEKTa U
BBIJIAIOT MIPOTHO3 [T MPEAYTIPEKICHUS aBapUUHBIX CUTYalUH.

OcHOBHBIE 33JJa4l CUCTEMBI aJANITUBHOTO YIIPABJICHMUS:

1. Ontumuzanus mpolecca MEXaHUYECKOro pPa3pylIeHUs MOPOJbI JAO0JOTOM C
TU/IPABINYECKON IPOMBIBKOM CKBa)KMHBI.

2. OnTuMH3aIMs CIyCKOITOILEMHBIX OIIEPAIIMi JTs 3aMEHBI JI0JI0Ta.

3. KoHTpOoib TEXHOJNOrMYECKMX M TEXHHYECKMX OrpaHMYeHHMH Ipolecca
OypeHHsl JUIsl MPEeAOTBpALLlEHUs] OCIOXKHEHUI TEXHOJIOTMYeCKOro mporecca
OypeHus (MpUXBaThI, IOJIOMKA JI0JIOTA, TAJIE€BOM CUCTEMBI U T.I1.).

4. PanHee pacrmo3HaBaHME U TMPENyNpPEXACHUE MPOSABIECHUN BHIOPOCOB U
¢onTanoB. Kpurepuu onTuMuzanuym — MakCUMyM MEXaHHYECKOH CKOpOCTH
OypeHHsl TpU TEKyLIell MpOXOoJKe, MaKCHUMyM pEeHCOBOH CKOpPOCTH 3a
no01eHre 1 MUHUMYM CTOMMOCTH | MeTpa MpOXO/IKH.

bypenne  CkBaXXMH  TMPOBOJUTCS IO  PEXKUMHO-TEXHOJOTUYECKUM  KapTaMm,
pa3pabOTaHHBIM IO MPOEKTAaM CTPOMUTENIHCTBA CKBAKUH C YUETOM ILIOIIAIH, SKOJIOIMYECKOTO
cTpoeHus: U OypumocTu nopod. OnTumuzanus pPeKUMOB IMPOBOJKU CKBAXKHUH C y4ETOM
o0OecrieyeHMs  aJanTallud K  MEHSAIOUMMCS  3a00WHBIM  YCJIOBUSIM, BO3MOXHa C
UCIIOJIb30BaHUEM CpPEJICTB aBTOMATHU3allMM yIpaBiieHus. Takoe codeTaHne KOMIIOHEHTOB
peanu3aly TeXHOJIOTHH OypeHus: oOecredrBaeT MOBBIICHHE KauecTBAa CUCTEM YIpPaBJICHHUS
[2].

BeiBOIBI:

1. CoBpemennnie ACY OypeHueM, Kak OTEYECTBEHHBIC, TaK W 3apyOeKHbBIC,
peIIaoT OJMH U TOT )K€ MEPEUEHb 3aa4 U KOHTPOJIUPYIOT JUIsl UX PELICHUS
IIOXO0KHE NIEPEYHU APaMETPOB.

2. OCHOBHBIMHM 3a/la4yaM{ OIEPATUBHOTO YIIPABICHHUS OYpPEHHUEM SIBIISIOTCS
MEXAHUYECKOE pa3pylICHHE MOpOABI C THIPABINYECKOM ITPOMBIBKOM,
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CIyCKOTIOABbEMHBIC OIEpalluy, MPEIYNpEeKIACHHE aBapuii u Oopbba ¢
OCIIO’KHEHUSIMHU.

3. K OCHOBHBIM TapameTpaMm YHIpaBJICHUS Pa3pyMICHHEM MOPOIbI OTHOCSTCS
oceBas  Harpy3ka Pp, wacTtora BpalleHHs —MOPOAOPa3pyIIAIOIIETO
WHCTPYMEHTA Ny U pacxo.l IPOMBIBOYHON KHIKOCTH Q.

4. OntuManbHOE YIMpaBICHHE, a TaKkKe OE30MaCHOCTh IMPOBOJKUA CKBAKUH
BO3MOXHBI TOJBKO TpU OypeHHH C TOMOIIbI0 CaMOHACTPAMBAFOIIUXCS
cucreM agantuBHoro ynpasienus (CAxnY).
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AHHOTAIUSA

[IpennoxkeH  moaxox K  INOCTPOCHHIO  MHOTOYPOBHEBOM  pacHpeneiIeHHOU
aBTOMATU3MPOBAHHOW CHUCTEMBl YIIpaBJIEHHs TexHojormueckum nponeccom (ACY TII)
IPOM3BOJICTBA MUIMEHTa royooro ¢ramounanuHoBoro 15:3. [Ipeacrasnena ctpykrypa ACY
TII, mocTpoeHHasi ¢ HUCHOJb30BAHUEM «HMHTEJUIEKTYaIbHBIX» JATYUKOB M HMCIIOJIHUTEIbHBIX
MEXAHU3MOB C Pa3BUTBIMH CETEBBIMHM BO3MOXHOCTSIMHU.

KiroueBble cjioBa: MUTMEHT Toy0o0i, aBTOMaTU3UPOBaHHAsI CHUCTEMa YIPaBICHHUS,
IIPOrpaMMUpPYEMBIii Jorndeckuil Koutposuiep, SCADA-cuctema.

Abstract

An approach to the construction of a multi-level distributed automated process control
system (ACS TP) for the production of blue phthalocyanine pigment 15:3. The structure of
the automated control system is presented, built using "intelligent” sensors and actuators with
developed network capabilities.

Keywords: blue pigment, automated control system, programmable logic controller,
SCADA system.

Bo MHormx  oTpaciasXx  NpPOMBINUIEHHOCTH, TakUX  Kak:  IPOMU3BOJCTBO
HNOAUrpaUyecKxX Kpacok, IUIACTMACC, JIAKOKPACOYHBIX MAaTEpUAlOB U Jp., LIMPOKO
OpUMeHATC (PTalolMaHNHOBBIE MUIMEHTHL. B CBA3M ¢ OTKa30M OT MMIIOPTHOM MPOJIYKIUH,
CIPOC Ha OTEYECTBEHHBIN MPOIYKT 3HAUUTEIBHO BBIPOC B IOCIIEIHEE BPEMSL.

[MurmenT romy0oil ¢ranonuanuHOBBIN 15:3 HaXOAWT MpUMEHEHHE B MPOU3BOJCTBE
CYNEpPKOHIIEHTPATOB,  IpEAHA3HAUYEHHBIX Ui  OKpalllMBaHWA TOHKUX  IUIEHOK U
HOJIMIPOIIMIICHOBBIX BOJIOKOH, HM3rOTOBJIEHHMH 4YepHMI Quekcorpaduyeckoil u riryOoKoi
NeYaTH, a TAK)KE B TEKCTUIIBHOM M JJAKOKPACOYHOW MTPOMBIIIJIEHHOCTSIX.
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[Iponiecc mpowusBoACTBa MUTMEHTa Todyboro (QramormanuHoBOrO 15:3 OTHOCHTCS K
CJIO’KHBIM MHOT'OCTaIMHHBIM TEXHOJIOTHYECKHM MporieccaM. [loanepxannue TEXHOIOrHYECKUX
[apaMeTpOB B 3a/JaHHOM JMaNa3oHe, B COBOKYITHOCTH BO3MYIIAIONIUX BHEIIHUX BO3ACHCTBUI
BO3MOXHO  TOJBKO TIOCPEJACTBOM  BBICOKOA((EKTHUBHBIX CHUCTEM aBTOMATHYECKOTO
yIpaBJIeHUs.

Hannyro 3agadyy MOXHO 3((EKTUBHO pEIIUTh TOJIBKO TIPU HCHOJIH30BAHUHU
COBPEMEHHBIX CPE/CTB YIPABJICHUS U MPUHIMUIIOB IIOCTPOCHUSI aBTOMAaTU3UPOBAHHBIX CUCTEM
C MCIOJIb30BAaHUEM COBPEMEHHBIX CETEBBIX TEXHOJIOTUH.

[IpoMBINITIEHHON CEThIO HAa3bIBAIOT KOMIUIEKC OOOpYyNOBaHHA U IPOrPaMMHOIO
obecrieyeHus, KOTOPbI obOecrieunBaeT OOMEH HH(MOpMAIME MeEXKIy HECKOJIbKUMHU
YCTPOHCTBAMM OT pasHbIX IpousBoauteneil. [IpomelinuieHHast ceTh SABISAETCS OCHOBOW [UIs
MIOCTPOCHHS PACIIPENICICHHBIX CHCTEM cOopa JaHHBIX M YNpaBJICHUS A OOeCIeYeHHUs
B3aUMO/JICHCTBUS HM)KHETO U BEPXHETO YPOBHS CUCTEMbI YIIPABJICHUS IPEANPUATHEM.

B mnacrosmiee BpeMs yBenuuuMBaeTcs KoauuecTBo pacnpeaenéHHsix ACY  TII
(pucyHoxk 1), 6iraromgapsi BHEAPEHUIO MPOMBIIIJIEHHBIX CETEH.

Hlupoxomy pacmpocTtpaHenuto  pacnpeneneHHeix  ACY  TII  cmocoGcTByeT
UCIIOJIb30BAaHUE MUKPOIIPOLIECCOPOB HAa HMKHEM YpPOBHE YIpaBJIEHUs B COCTaBe
«MHTEIUVICKTYQJIBHBIX» JIaTYMKOB W HCIOJHHUTEIBHBIX MeXaHW3MOB. CBs3b € TaKUMHU
YCTPONCTBAMM  OCYILECTBIIICTCSI IOCPEICTBOM IPOMBIIIJIEHHON CEeTH, 3aBA3aHHOM Ha
KOHTposuiepax. IloMuMo 3TOro, BCTpOEHHBIE B YCTPOWCTBA MUKPOIPOLIECCOPHI MTO3BOJISIOT
JaTYMKaM IPOU3BOJUTH CAMOJMArHOCTHUKY, KalMOPOBKY, a TakKe, B HEKOTOPBIX CIIydasx,
nosepky [1].
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Pucynox 1 — Cospemennas pacnpedenennas ACY TII:
TOY — mexnonozuueckuii o6vexm ynpasnenus, /] — oamyuku, HIT — nopmupyrowue npeoopasosamenu, JIK —
JloKanvHble Konmpoanepvl, UM — ucnonnumenvuvie mexanusmoi, PO — pezynupyrowue opeanvt, CO — cmanyus
onepamopa

<

Cozpana ACY TII nnd  XMMHMKO-TEXHOJOTMYECKOIO Ipoliecca  MPOU3BOJCTBA
NUrMeHTa roiayboro ¢ramouuanuHoBoro 15:3. JlaHHBIN mpollecc MPOTEKAET B HECKOJIBKUX
CTaJuAX, I'l€ OCHOBHBIMU CUHUTAIOTCSI IPOLECCHl MUITMEHTALMM M CyWIKU. U1 momyuyeHus
KayeCTBEHHOI'O0 MPOJYKTa HEOOXOIMMO CIEAMTh 33 MHOKECTBOM IapaMeTpOB, TAKHX Kak
TEMIIEPATYPA, AABJICHUE U TOYHAS Macca BEIIECTB.

Crpykrypa ACY TII mpousBojcTBa MUrMeHTa roiyooro ¢ramonuaHuHoBoro 15:3,
IIOCTPOEHHOM C HCIIOJIb30BAHUEM «UHTEIJIEKTYAJIbHBIX» JATYUKOB M HCIIOJIHUTEIbHBIX
MEXAHU3MOB CO BCTPOEHHBIMHM MHUKPOIIPOLIECCOPAMH, NPEACTABIIEHA Ha pUCYyHKe 2. B cocTaB
CHCTEMBl aBTOMATHYECKOIO YIPABJICHUS MPOLECCOM MPOM3BOJCTBA HMUTMEHTa Troiy0oro
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dranonmanuHOBOro  15:3  MOXHO  BKIIOYWTH MHOTOKAHAJbHBIH  MHUKPOKOHTPOJIIED
«UIK110[MO2]» xomnanuum OBEH (Poccusi) u «uHTEMIEKTYalbHbBIE» HCIOIHUTEIbHBIC
MexaHu3Mbl komrnanuu Emerson (CIIA). JlanHBIE MUKPOKOHTPOJUJIEP W HMCIOJHUTEIBHBIC
MEXaHHU3MbI OTITUYHO 3aPEKOMEHIOBAIN Ce0sI BO MHOTHX OTPACIISAX MPOMBIIIIICHHOCTH.

:>§::> ToY |=>

M 50|

] U

ﬁ IIpoMeiuieHHas ceTh 1
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j [ [IpoMbIIeHHAs CETh 2

]
A K== co

Pucynox 2 — ACY TII Ha 6aze «uHmen1eKkmyaibHblx» 0amyuKos u UCHOIHUMENbHbIX Mexanusmos: TOY —
mexHo02uyeckull 06vexm ynpasinenus, M/ — «unmennexmyanvusie oamuuxuy, HUM — «unmennexmyanvhsle
ucnonnumensvHule mexanusmoly, IIJIK — npoepammupyemulii 102utecKusi KOHmpoiep

[loBbllieHHast HaAEKHOCTb, THOKOCTH M MOIUGUIMPYEMOCTb INPHOOpETAETCS
CUCTEMOHN yHpaBieHUs Ha 0a3e «UHTEIJIEKTYaJIbHBIX» JaTYMKOB M HCIIOJIHUTEIbHBIX
MEXaHU3MOB.

HuxHuil ypoBeHb TakoW CHCTEMBI YIpPAaBIEHUS O0pa3ylOT «HUHTEIEKTyaJlbHbBIE)
JaTYUKUA W HCIOJIHUTENbHBIE MEXaHM3MbI, IPOTrPAMMUPYEMbIE JIOIMYECKHE KOHTPOJIEPHI
(IUIK). IIIK 3aHuMaroTcst cOOpOM CUTHAQJIOB OT JaTYMKOB M UX IPEIBAPUTEIBHOMN
00paboTKo#, (hOpMUPOBAHMEM YIPABISAIOIIMX CUTHAIOB HA HCIOJHUTENBHBIE MEXaHU3MbI
0o0BEKTa YIpaBlICHUs, a TAaKK€ IpHUEeM M Iepenady MH(GOpMaluu M3 NPOMBIIUIEHHON CeTH.
ITIpu paspaboTke mnpuxiagHoro mnporpammHoro obecnedenus (I1IIO) nns koHTposuiepoB
CJIEIyeT PyKOBOJICTBOBAThCS MEXAYHApOIAHBIM CTAaHAAPTOM Ha SI3bIKU NPOTrPAMMHMPOBAHUS
korTposutepos IEC 61131-3 (MDK 61131-3) [2].

BepxHuii ypoBeHb CHCTEMBI YIPABICHUS peajJnu30BaH B BHJIE CTAHLIMU OIlepaTopa ¢
peann30BaHHBIM Ha HEH aBTOMAaTU3UPOBAaHHBIM pabounMm Mectom (APM). APM
npeCcTaBisieT coO00i MporpaMMHO-TeXHUYeckuii koMiuiekc. APM onepaTtopa paboTaer mon
yIOpaBlI€HUEM  OINEpalMOHHOW  cucTeMbl  ceMeiictBa  Windows. Jlns  pemieHus
KOMMYHHUKAIIMOHHBIX Mpo0ieM ucnonb3yercs texHonorus Open Platform Communications
(OPC), craBmast B HacTosiee BpeMs IPOMBIIIJIEHHBIM CTaHIAapTOM, KOTOPbI OCHOBaH Ha
o0wextHOM Mogenn COM/DCOM ¢upmer Microsoft.

OcHoBy mporpammuoro obecneuennss APM cocraBmsior SCADA  cuctemsl,
peanu3yromue Bce OCHOBHbIE (YHKIMM BU3yaJH3allMd H3MEPSEMOW M KOHTPOJIHPYEMOt
UH(QOpPMALIMK, BBIJCJIIEHUE aBapUNHBIX U NpeJaBapUiHBIX CUTyalui, NepeAayd JaHHBIX U
KOMaH/I Ha HIDKHHI YPOBEHb CHCTEMBI yrpaBiieHus [3].

Crnenyer oTMeTHTh, 4YTO TpH co3gaHuu coBpemeHHbIX ACY TII HaGmomaercs
TEHJACHLIUS K MHMPOBOW HHTErpanuuy M yHU(PUKALUsS TEXHUYECKUX pPEIICHUH Ha OCHOBE
OTKPBITBIX CTaHIApTOB B 0bOjacTu aBTomMatu3auuu. OCHOBHOE TpeOOBaHHE K COBPEMEHHBIM
ACY TII — 3T0 OTKpHITOCTh cucTeMbl. CHUCTEMa CUMTAeTCsl OTKPBITOM, €clu A Hee
OTIpeieNIeHbl U OMMCaHbl UCIMOJIb3yeMble UHTep(helchl U (opMaThl JaHHBIX, YTO MO3BOJISET
MOJIKJII0YaTh K HEM «BHEIIHME» HE3aBUCUMO pa3pabOoTaHHbIE KOMIIOHEHTHI.
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[IpennokeHHbIH MOAXOA K TOCTPOCHHUIO PACHPENCIICHHON CHUCTEMbI YIPABICHUS
TEXHOJIOTHYECKHM TPOIIECCOM MPOU3BOJICTBA MUTMEHTA TOIYO0ro GTalonuaHuHoOBOrO 15:3 ¢
UCIIOJIb30BAHUEM COBPEMEHHBIX OTKPBITHIX CTAHIAPTOB aBTOMATH3AIMH MO3BOJIUT TOBBICUTH
HYKOHOMUYECKYI0 M TEXHOJOTHYECKYI0 3()PEeKTUBHOCTh, a Takke OE30MacHOCTh JaHHOTO
IIPOU3BO/ICTRA.

%k %k %k
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N.A. EnuzapoB [u ap.]. - TamOoB: TamMOOBCKHMI TOCyZapcTBEHHBIH TeXHWYECKHH yHHBepcureT, ObC
ACB, 2015.-160c.
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PA3JIEJI VII. MATEMATHKA

Ko3znos B.A., Oransn JI.A., Mypaacosa A.A.
3ay3/IeHHOCTh NPOCTPAHCTBEHHBIX N-YT0JIbHUKOB

Apmasupckuii 20cy0apcmeennblli neda2o2uieckull yHugepcumem
(Poccust, Apmasup)
doi: 10.18411/1j-08-2021-19

AHHOTALUSA

B crarbe pemaercst 3amauya O 3ay3JIEeHHOCTH MHOTOYTOJBHHMKOB C He Ooisiee ueM 5
BepuMHamMu. JloKa3aHO, 4YTO BC€ N-YIrOJBHUKM IIpU N<5 SABIAKOTCA TPUBUAIbHBIMU
MOJINTOHAJIBHBIMHU Y3JIAMH, & JJI KQXKI0I0 N>5 CyIIECTBYIOT 3ay3JI€HHBIE N-YTOJIbHUKU.

KiroueBble cioBa: y3en, 3ay3iI€HHOCTb, HE3ay3JICHHOCTb, TPHUBHMAJIBHBIN y3e€l,
MOJIUTOHAIBHBIN y3€J, TOMEeOMOP(pU3M, MHOTOYTOJIbHUK, 3BEHHOE 4YHCII0, MpeoOpa3oBaHUE
Peiinemeiictepa, n30TOnus.

Abstract

The article solves the problem of knotted polygons with no more than 5 vertices. It is
proofed that all n-gons in n<5 are trivial polygonal knots, and there are knotted n-gons for
each n>5.

Keywords: knot, trivial knot, polygonal knot, homeomorphism, polygon, number of
vertices, Reidemeister moves, isotopic deformation.

BBenenue

PaccmarpuBaemast 3azada OTHOCUTCS K OJHOM M3 IVIaBHBIX 3a/lad TEOPUU Y3JIOB -
3amade kiaccupukanuu. V3BecTHBI TaOiIMIBI MPOCTHIX y370B. PaboTa Haj mpoaoimkeHueM
9THX TaOJuI[ BeJeTCs MHOTMMM aBTOpaMM. JlJs TMOJMIOHAIBHBIX Y3J0B O MOJOOHBIX
TaOJIMIIaX HUYEro He U3BECTHO. XOTSA MHTEPEC K M3YUEHUIO MOJUTOHAJIBHBIX Y3JIOB BIIOJHE
ONpaBJaH, HampuMmep, NPUMEHEHHEM HX IOJUrOHaJdbHOW Tonojoruu. Kpome Toro,
MOCTaHOBKA BOIIPOCA O 3ay3JIEHHOCTH MPOCTPAHCTBEHHBIX MHOI'OYTOJILHUKOB COBEPIIEHHO
€CTECTBEHHA U TPEJCTABJISIET CaMOCTOSTENbHbIN (HampuMep, reoMeTpuueckuii) uarepec. B
3TOM — aKTyaJbHOCTh 3aJJa4H.

Bravane npuBeieM HEOOXOMMEBIE ONpeieTIeHUS U POPMYIUPOBKH.

V3510M HazbiBaeTCs 06pa3 roMeoMop(H3Ma eIMHIIHOM OKPYXKHOCTH ST B TpexMepHoe
npoctpascTBo £ 3

V3t KyuK5 sxBuBanentHel, ecm cymectyer romeoMoppusM npoctpanctsa R * Ha
ce6s1, otobpaskarommii Kqna K.

V311B1, PKBUBAJIEHTHBIE HE3aY3JIEHHON OKPY>KHOCTH Ha3bIBalOT TPUBUAIBHBIMH.

[lonuroHanbHBI y3€1 - 3TO TakoW Yy3ell, KOTOpBIA sBIseTcs OOBbEeIMHEHHEM
KOHEYHOTI'0 YHCJIa 3aMKHYTBIX NIPSMOJIMHENHBIX OTPE3KOB, HA3bIBAEMBIX CTOPOHAMHM.

[lonuronaneHast quarpaMma ysja, TakuM 00pa3oM, €cTb OObEIMHEHHE KOHEYHOI'O
yyciaa 3aMKHYTBIX TNPSMOJIMHEHHBIX OTPE3KOB, Ha3blBa€MBIX CTOpOHaMHU. KOHIBI 3THX
OTPE3KOB HA3bIBAIOTCS BEpIIMHAMM y371da. MMHUMaJIbHOE YHCIO OTPE3KOB JIOMAHHOM
Ha3bIBaIOT 3BEHHBIM YHCIIOM Y37Ia.

JIBa y351a Ha3bIBAIOTCS U30TOMHBIMH, €CIIM OJJUH U3 HUX MOXKET OBITh A€()OPMUPOBAH B
Opyroil  mocpeactBoM  muddeomopduzMa  OOBEMIIOIMIErO NPOCTpaHCTBA Ha  cels,
COXPAHSIIOIIETO OPUEHTALHUIO.

[IpeobpaszoBanns Q1, Ly Qs:
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Ha3bIBalOTCS MpeoOpazoBaHusiMu Peiinemeiicrepa. Bynem HazpiBaTh UX HEpPBBIM, BTOPHIM U
TpeThUM IIpeoOpa3zoBanueM PeinemeiicTepa COOTBETCTBEHHO.

Joka3aTe1bCTBO OCHOBHOI TeOpeMbl

Teopema. [IpocTpancTBEHHBINH N-yrOJIbHUK MOXKET OBbITh 3ay3JI€H TOJIBKO Mpu N>5.

Jloka3aTebCTBO IPOBENEM MHIYKTUBHO, IIOCJIEI0OBATEIILHO YBEIMUYUBAs YHCIIO
BEPILHH.

1. TIpocTpaHCTBEHHBIH TPEYTrOJbHUK

PaccmoTpuM Bce mpoeknMHM IPOCTPAHCTBEHHOI'O TPEYIrOJbHHKA HA IUIOCKOCTh, TPH
BEPILIMHBI KOTOPOTO M ONPEAENAIOT 3Ty IUIOCKOCTh. O4YEBHIIHO, YTO 3TO TPUBUAJIBHBIN
IIOJINTOHAJIBHBIA  y3€JI, TAK KaK MOYKHO YCTaHOBUTH B3aUMHO OJHO3HA4YHOE HENPEPBIBHOE
0TOOpa’keHHE TPEYTOJIbHUKA B OKPYKHOCTb.

Puc.1.1

2. IIpocTpaHCTBEHHBII YETHIPEXYTOIbHUK
[lepebepem Bce mMpoeKUU Ha IJIOCKOCTh MPOCTPAHCTBEHHBIX YETHIPEXYTOJILHUKOB,
MPOEKTUPYS TPEYTOJIbHUKHU U J00aBiIsisl YeTBEPTYIO BepHIMHY. Pa300beM IMIOCKOCTh Ha TPHU

obmactu a, B H Ba:

B2

B1 o

2.1. llyctp Touka D mnpunamnexur obmactu o (puc.2.1). Ilpumenss
3JIEMEHTApHYIO0 U30TONUI0, 3aMeHUM JoMaHHyto CDA na CA. Drtot ciyyaii
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DKBUBAJIEHTEH OINMCAHHOMY BBIIIE CIy4alr0, 3HAYUT, YETHIPEXYTOJIbHUK
TPUBHUAJICH.

™ ) A
,C

Puc. 2.1

2.2. Touka D He IMPUHAIJIC)KUT O, CICAOBATCIbHO JIIPUHAAJICIKUT WU

B, HaH BoIycrs D npunamnexur P .

2.2.1. Ha npoexkuun y3nma BA nexut nosepx CD. Ilpumenum nepsoe
npeoOpa3zoBanne  Peinemeiictepal2,c.14].  [ampHeilmme  pacCyKIaeHUs
aHAJIOTUYHBI CIIy4aro n300pakeHHOMY Ha puc. 2.1.

B B
C - C
/ ﬂl
D >
Bl A D
A a.
2.2.2. Ha mpoekmmu y3ma CD nmexur mnoBepx BA. IlpumenuM mepBoe

npeoOpa3zoBanue Peiinemeiicrepa. JlanmpHelme pacCyXIACHUS aHAIOTHYHBI
cily4aro u300pakeHHOMY Ha puc. 2.1.

C C

v

a

2.3. Touka D He npuHaaiexuT o 1 31, cienoparensro, D npunamiesxur Po.

2.3.1. Ha mnpoexkmmm y3na BC nexur mosepx DA. [lpumenum mnepBoe
npeoOpa3oBanue Peiinemeiictepa. JlanpHelInne paccy X IeHHs aHATOTHYHBI
ciyyaro u3o0paxxeHHOMY Ha puc. 2.1.
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2.3.2. Ha mnpoexknmmu y3na DA nexur moepx BC. Ilpumennm mnepBoe

npeoOpa3zoBanue Peiinemeiicrepa. JlanpHelue paccyXIACHUS aHAIOTHYHbI
ciyyaro u300paxeHHOMY Ha puc. 2.1.

D
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B
o C
0
A D

A a

2.4. TTycth Touka D npunamnexut ayay AM (puc.2.4), KoTopslii pazousaer 3 Ha

mHOXKecTBa [Py H B5. Dnemenrtaproii m3oTonmeii mpeoGpasyeM JOMaHYIO
CDB B CB. JlanpHelme paccy/IeHUs] aHAJIOTHYHBI cITydaro 1.

i3 )
vt M.\ P2 M\\ P>
D D N4

A B B B
a
D
P a By P1
a
C C ¢

3. IIpocTpaHCTBEHHBIH NATHYTOJIBHUK

31ech Hala Leb - 10Ka3aTh, YTO MPOCTPAHCTBEHHBIN MATHYTOJIBHUK HE MOXKET OBITh
3aysneH. g aToro nepedbepeM BCEBO3MOKHBIE MPOEKIUU HA TIOCKOCTh IPOCTPAHCTBEHHBIX
YeThIPEXyTOJILHUKOB, 100aBIIsis MATYIO BEPIIMHY.

Bnauane paccMoTpum ciydaid, n300pakeHHbIH Ha puc. 2.1; mo6aBUM Bce BapHaHTHI
pacIoyioKeHus MATON BEpIIMHBI HA MHOXKeCTBe o. [lomyuum ciryuau, n300pakeHHbIE Ha puUC.
3.1.1, puc. 3.1.2, puc. 3.1.3. Bce oHM 351eMeHTapHON M30TONMHUEH MPeoOpasyroTCcs B CIydai,
u300pakeHHbIi Ha puc. 2.1. Jlomannas AED npeobpazyercs B AD:
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Puc.3.1.1 E a
B C Puc. 3.1.2
E

o
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Puc. 3.1.3

PaccMoTpuUM Bce pacojokeHHs Toukn E Ha obGmactu Po. ITomyumM ciydau
u3o0paxeHnslie Ha puc. 3.2.1, puc. 3.2.2, puc. 3.2.3:

E E E
B o /\ C ’ /\] C % C
o D a
A o D
A D A
Puc.3.2.1 Puc. 3.2.2 Puc. 3.2.3

OueBUIHO, TPUBEJICHHBIE TOJUTOHAJIBHBIE Y3JIbl  HE3ay3JICHHBI, IOCKOJBKY
npeoOpazoBanusMu Peiiiemeiicrepa Jerko NPUBOAITCS K TPUBHAIBHBIM. JTO MOXHO
MOKa3aTh TaKXKe, N3MEHHUB MPOEKITNH.

PaCCMOTpI/IM BCC PACIHOJIOXKCHUA TOUYKU E B oGOnactu Bl' HOJ’IyLII/IM ciydan

aHaJOTUYHBIE M300pakeHHBIM Ha puc. 3.2.1, puc. 3.2.2, puc. 3.2.3. 1 HOBBIN ciyuait (puc.
3.2.4). On ananoruyeH 3.1.3.

E " - E B;/7’° -

Puc. 3.2.4
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Tenepp k 4eThIpexyrojJpHUKaM M3 MyHKTa 2.2 OyaeM J00aBlIATh IATYIO BEPILUHY.
Buavane noGaBum Bepmmny E B obmactu o (ciywair 2.2.1). OH aHalOru4yeH Ciydaro
n300pakeHHOMY Ha puc. 3.1.3.

B C

A

Cnez[y}omaﬂ BO3MOJXHOCTDb - BCpIIMHA E pacIiojioKeHa B obnacTu Bl .

D A

[TepBoIii crmywail anajormyeH wu3oOpaxkeHHomy Ha puc. 3.1.3. Btopoit cnyuaii
aHaJIOTHYEH M300pakeHHOMY Ha puc. 3.2.2, a 3HaYUT U BCE CIy4au C JPYTMMU BapuaHTaMU
npoxoxaerus npsimoit DC Takxke paccMOTpeHbI HaMu BhITIe Ha puc. 3.2.1 u puc. 3.2.3.

TIycTh Temepk IATas BEPIIMHA HAXOIUTCS B 0OIACTH 2. DeMEHTApHOM H30TONHEi
npeoOpasyem nomanyio DEA B DA. Cnyuaii ananornueH n3obpaxeHHoMy Ha puc. 2.3.1.

tr

C

L J

s -
B ] \ B /
P D/ e,
D
K uyetpipexyronpauky u3 m.2.4 (puc. 2.4), no6aBUM BCe BapHaHTBI PACIOIOKECHUS

BepmuHbl E. Pacnonoxum nstyro BepiuHy E B 001actu o. [Tosydnm aHanoruio ciiyyaro Ha
puc. 3.1.3.
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A

Ocranochk 10Ka3aTh, 9YTO MOJUTOHAIIBHOE N300paKEHHE

y3ma S; w3 Tabmumbl  Kiaaccupuramuu [2, c.466] He SBISETCS NPOCTPAHCTBEHHBIM
MSTUYTOJIEHUKOM.
ITycts Toukn ABC 3amarot miockocth X0Y. A(X1,Y1,21), B(X2,Y¥2,22),C(X3,Y3,23), Torna
21= 2= 23=0. [lo6aBum Touky D(X4,Y4,24), Tak, uto0b1 DC He nepecekaia AB u
Z4>271
Jlo6aBuM TOuKy E(Xs,Y5,Z5), Tak, uroosl ED He nmepecekana AB, Tak kak AB jexuT B
miockocTrt X0Y M MMEET KOOPAWHATH Zo= Z3=(, Touka obmero neprnenaukyisipa AB u ED
npunaiexkamias ED nomkna umets koopaunary Zg< 0, Toraa u
Z5< 0.
Ho Touka oOmiero nepnennukyinsipa AB u BC npunamnexamas ED nomkna umers
KoopauHary z7> 0, Toraa u
Z5> 0.
[TomyyeHHOE MPOTUBOpPEUHE MOATBEPKIAET, YTO MOJTUTOHAIBHBIN y3€1 52 HE MOXKET
OBITH IOCTPOEH B IPOCTPAHCTRBE.
4. TIpocTpaHCTBEHHBIH N-yTrOJIBHUK, N>5
PaccMoTpuM TabnmuuHbld y3en 6; [2, c.466], OH HETpPHBHAIIEH, TOCTPOUM €rO
MOJIMTOHATBHBIA 00pa3 puc. 4.1. 3BeHHoe dYHCIO y3ma 6, paBHO 6, 3HAYUT, CpeAu
MOJIUTOHATBHBIX Y3JI0B ¢ 6 BEpUIMHAMH €CTh HETPUBHUATHHBIM.
AHanorndHo y3isl 61(puc. 4.2) u 63(puc. 4.3) uMeroT 7 1 § BEpIIMH COOTBETCTBEHHO U
SBIISIOTCS HETPUBUAIBHBIMH.
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3seHHOe4mncno 7

3seHHOEYMCno 6 W

Puc. 4.1 Puc. 4.2

3BeHHOEYMCNo 8

;L%\
\

Puc. 4.3

HeTtpynHo mMOHATH, YTO € MOMOIIBIO JAHHBIX Y3JIOB MOXKHO MOCTPOHTBH JIHOOOM
3ay3JICHHBIA N-yTOJILHUK IIpH N >6.
JloKa3aTesnbCTBO 3aBEPILEHO.
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Mutuna T.B.
OueHka permoHoB 1o 3muaeMuosiornyeckoit curyaunu COVID-19 ¢ ncnosnb3oBannemM
METO/I0B JUCKPUMHHAHTHOI0 AaHAJIM3A

I'BOY BIIO «I'ocyoapcmeennwiii yHusepcumem «/[yona»
(Poccus, [Iybna)
doi: 10.18411/1j-08-2021-20

AHHOTAIASA

B paccmarpuBaemoil paboTe UIsi OLIEHKH SHUAEMUOJIOTHYECKOM CHUTyallMd IO
peruoHam Hauleil cTpaHbl UCIIOJIB3YIOTCS METOJIbl MHOTOMEPHOTO CTaTUCTHUECKOIO aHalu3a,
TaKHe KaK MEepPApXUUYECKUH KIIACTEPHBIN aHAJIN3 M JUCKPUMUHAHTHBINA JUHEWHBbIN aHann3. C
MTOMOIIIBI0 HEPAPXHUECKOTO KIACTEPHOTO aHaiu3a (GopMUpPYIOTCS ABe 00ydaromye BEIOOPKH,



JIlendenyuu paseumus HayKy u obpasoeanis -92-

a C TMOMOINBIO JIMHEWHOTO JIUCKPUMHUHAHTHOTO aHaiau3a (OpMYTUPYeTCs MPaBUIO IS
pacmnpe/eeHrs HOBBIX PETHOHOB 10 MOTYYHBITUMCS BBIOOPKAM.

KiawueBble cj10Ba: OILCHKA SNHACMUOJIOTHYECKON CUTyalldd, MHOTOMEPHBIN
CTATHCTUYECKUN aHanu3, KIACTEPHBIM aHamu3, AUCKPUMHHAHTHBIA aHaN3, O0ydarolue
BBIOOPKH, TUHEHHAS TUCKPUMHUHAHTHAS (YHKIINS, KOHCTaHTA TUCKPUMHHAIIIH.

Abstract

To assess the epidemiological situation in the regions of our country the methods of
multivariate statistical analysis, such as hierarchical cluster analysis and linear discriminant
analysis, are used in this work. Two training sets are formed using the hierarchical cluster
analysis. A rule for the distribution of new regions over the resulting sets is stated with the
help of linear discriminant analysis.

Keywords: assessment of the epidemiological situation, multivariate statistical
analysis, cluster analysis, discriminant analysis, training sets, linear discriminant function,
discrimination constant.

W3-3a yrpo3sl pacnpocTpaHeHUs: HOBOW KopoHaBupycHou wuHpekuun Covid-19
CUTyallds B pETHOHAX, HENPEPbIBHO M3MEHSACh, TpPeOyeT OT TOCYNapCTBEHHBIX U
MYHHIMIAIBHBIX CTPYKTYp OBICTPOrO U CBOEBpEMEHHOro pearupoBanus. Heobxomumo
BOBpEMSI OT/ICTISTh PETHOHBI, B KOTOPBIX MUACMUOIOTHIECKAsl CUTyalHsi 000CTPSIETCSI.

Ananusupysi HaOJrogaeMble JaHHBIE 110 PacCHpPOCTPAHEHUIO 3a00JEBAEMOCTH C
MIOMOIIIBI0 METOJIOB KIJIACTEPHOTO aHajlHM3a, KOTOPbIE YYUTHIBAIOT HE TOJIBKO BHELIHHE
(akTOpbl, HO U CKPBITbIE BHYTPEHHUE CBSI3H, MOKHO Pa3JeNsiTh PETUOHBI HA KPUTUYECKUE U
cTaOuJIbHBIE.

JIMCKpUMHHAHTHBIM aHaIM3 MOXHO HCHOJIb30BaTh KaK METOJ| MPOTHO3UPOBAHUS
SMHUIEMHUOJIOTHYECKOW CHUTyallid B PA3JIMYHBIX pPETHOHaX Ha OCHOBE HWMEIOIIUXCS
HaOJIF0/1aeMBIX THUIIOB TIOBEACHUSI aHAJIIOTUYHBIX OOBEKTOB, CHOPMHUPOBAHHBIX TIO MPUHIUITY
oOyyaronux BbIOOpOK. HeoOXoIMMOCTh pa3BUTHS METOJIOB KIJIACTEPHOTO aHaIM3a U UX
UCTIONb30BaHUsl TIPOJANKTOBAHA MPEXKE BCETO TEM, YTO OHU MOMOTAIOT MOCTPOUTH HAYYHO
000CHOBaHHbIE KIAacCU(UKALMK, BBIIBUTH BHYTPEHHHUE CBSI3U MEXIY €IWHUIAMU
HaOJF0Ja€MOM COBOKYITHOCTH.

Jns mocTpoeHuss  OO0ydammMX  BBIOOPOK  paccMaTpUBAIaCh  COBOKYITHOCTH
CTaTUCTUYECKUX JaHHBIX I0 IOKa3aTeiasiM 15 NMpou3BOJIBHO BBHIOPAHHBIX PErMOHOB Ha 14

utona 2021 roga: X1— KOIMYECTBO 3a00J€BUINX, X5— KOJWYECTBO BBHI3JOPOBEBIINX, X3—
KOJIMYECTBO YMEPIIHUX.

Komnngectro
o Pervion KomnngectBo BLI3/I0POBCBIIIHX Konngectro
B 3abosesumx (X1) (X2) ymepumx (Xg)
1. Anraiickuil kpait 57488 47725 2620
2. ApxaHrenbckas 001acTh 70211 66607 1059
3. Boponexckas 001acTb 95980 90604 3335
4, Hpkyrckas 061acTh 78696 70038 3142
5. PecnyOnuka Kapenus 52758 49366 670
6. Pecniy6nuka Kpsim 53178 46164 1615
7. Kpacnosipckuit xpait 82692 71874 4120
8. CBepaioBcKas 00J1aCTh 99053 92144 4058
9. IlepmMckuii Kpai 65955 58590 2878
10. PocroBckas 00acTp 103368 92144 4878
11. JlenuHrpaackas 001acTh 51192 45627 1879
12. Hwxeropozckast 001acth 131478 120526 4596
13. ITpumopckuii kpai 50151 44373 850
14, TBepckast 001aCTh 49158 42750 1259
15. Tynbckast 001aCTh 44504 41741 2298
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Hcnonp3ys anroputM HEpapXU4ecKoro KIACTEpHOTO aHalu3a, Ha OCHOBAHWUU

2
3HAuUEHMH eBKIMAOBBIX paccrosumii d;; = Jzkm= 1(xa'ﬁ: — xjk) , ObLIa TIpOBejEHA

KJaccu(uKanus 1Mo MepBBIM JECSITH PacCMaTPUBACMbIM PETHOHAM, B pe3yJbTaTe KOTOPOH
0BT 00pa3oBaHbI ABE 00yYaIONINEe BEIOOPKH.
[Ipexne yeM MpoBECTH KIACTEPHBIA arjJoMepaTUBHBIN (00BEIUHSIOMNN) aHATU3 10

nepBbiM 10 pernoHaM, HEOOX0OAUMO ITPOBECTH HOPMHUPOBKY HCXOHBIX JTaHHBIX 110 HopmyJie:
Xij—xj
z;=—"—!
j
rae I — HOMeEp CTpOKH, J— Homep cronbua, X;;— TabiuuHbIC IAHHBIC, JT:j— cpeanee

3HAYCHUE M0 NPU3HAKY, 03— CpE/Hee KBA/IPATHICCKOE OTKIOHEHHE.

Cornacio nammM  gammeiM:X; = 75937,9 %, = 68539,8, x; = 27555,
o, = 18082,6, 0, = 17394,03, o, = 1195,9. Marpuua 3naueHuii HOPMUPOBAHHBIX
MepEeMEHHBIX OyIeT:

-1,02 -1,20 -0,11
/—0.32 —0,11 —-1,42
1,11 1,27 0,49
0,15 0,09 0,32
-1,26 —-1,10 -1,74
-1,26 —1,29 —-0,95
0,37 0,19 1,14
1,286 1,36 1,09
-0,55 -0,57 0,10
1,52 1,36 1,09
[Ipouiecc 0OBENMHEHUS KIACTEPOB IPOUCXOIAUT IOCIEAOBATEIBHO, HAa OCHOBAHUU

MaTpHIBl PacCTOSHUM O00BeAnHSIOTCS Oojee Onmskue 0oO0BEKTH.. Hampumep, paccrosiHue
MEXy IEPBBIM U BTOPBIM 00bEKTaMHU HAXOSATCS CIEAYIOUIM 00pa3oM:

d, = |(=1,02—(=0,32))" + (=1,20— (=0,11))" + (=0,11 — (=1,42))°
N Y+ ( Y+ ( )

= 0,18
[Iponomxast aHaNOTMYHBIM  00pa3oM, TOJIYYUM [EpPBOHAUYAJIbHYIO  MAaTpHILY
paccTosHU# (CHMMETPHUHYIO):

0 0,18 3,31 1,79 1,65 088 2,33 3,64 081 3,80
/'[].18 0 2,75 1,81 142 158 267 3,32 161 344
3,31 2,75 0 1,53 4,04 377 1,46 063 2,51 0,74
1,79 1,81 1,53 0 2,78 2,35 0,85 1,87 099 2,02
1,65 1,42 4,04 2,78 0 0,81 3,57 454 2,05 4,68
0,88 1,58 3,77 2,35 081 0 3,04 420 1,46 435
2,33 2,67 146 0,85 3,57 3,04 0 148 159 164
3,64 3,32 0,63 1,87 454 420 148 0 2,84 0,24
0,81 1,61 251 0,99 2,05 146 1,59 2,84 0 2,99
3,80 3,44 0,74 202 468 435 164 024 299 0

Kak BUIHO 1O 371IeMEHTaM 3TO MaTpuIlbl, HauOoJIee ONMM3KUMH SIBIISIOTCS OOBEKTHI

Ny u Ny (dyz = 0,18). O6venuuum ux B oxguu KmacTep M IPUCBOMM eMy HoMep Ji.



JIlendenyuu paseumus HayKy u obpasoeanis -94—

[lepecunThiBas pPaccTOSTHUS BCEX OCTABIIMXCS OOBEKTOB (KJIACTEPOB), MOJYYHUM HOBYIO
MmaTpully pacctosHuil. [Ipomomkas TakuMm o0pa3oM OOBEIMHATH KIIACTEPHI, AOHAEM [0
MAaTpHUIIbl PACCTOSHUHN 2-TO MOPSAIKA:

( 0 4.68)

468 0

B pesynbrare sTHMX AEWCTBUN OOBEIWHUIUCH OOBEKTHI ¢ HOMepamu 1, 2, 5, 6 B
nepBblil knactep u 3,4, 7, 8, 9, 10 Bo BTopo# kinactep:

KonnyectBo Konngectso KommaecTso
Perwon 3a00JIeBIINX BBI3IOPOBEBIIUX
() (2) yvepmns (13)

Anraiickuii kpaii 57488 47725 2620

1-BIii ApxaHrenbckasi 0071acTb 70211 66607 1059
KIacTep Pecnry6imka Kapenns 52758 49366 670
Pecny0mnnka Kpeim 53178 46164 1615
Boponexckas 001acTb 95980 90604 3335

UpkyTckas 001acTh 78696 70038 3142

2-0i Kpacnosipckuii kpaii 82692 71874 4120
KJjacTep CeepamnoBckas 00J1acTh 99053 92144 4058
[epmckuii kpait 65955 58590 2878

PocroBckas obiacTb 103368 92144 4878

K nepBomy kiactepy OTHOCATCS PErHOHBI CO CTAaOMJIBHOM 3MHMIEMHOIOTUYECKON
00CTaHOBKOM, a KO BTOPOMY KIJIACTEPY — PETHOHBI C TSDKEJIOW CUTyalued, TpeOyromiei
NPUHSATHS JOTIOJTHUTEIHHBIX MEp 0 CTAOUITU3allUU CUTYaIUH.

[Tockonbky ocraBuIecs] OOBEKTHl HAOMIOACHUNH HYXHO OTHECTH K IOCTPOCHHBIM
KJacTepaM, BOCIIOJIb3YEMCsSl JUCKPUMUHAHTHBIM aHaiau3oM. [l atoro cdopmyiupyem
IIPaBUJIO, 1O KOTOPOMY HOBBIE €JAMHHUIBI COBOKYITHOCTH OTHECYTCS K OJHOMY H3 Y¥XKe
CYILIECTBYIOIIMX KJIACTEPOB. OCHOBAaHUEM JJIs1 OTHECEHUS KaXKIOW €IMHUIBI COBOKYITHOCTH K
OIPEJICIICHHOMY KJIacTepy CITYXKHAT BEJIMYMHA  JIMHEHHOMU JTIUCKPUMHUHAHTHOMN

byHKIIUU f(x)=a,x; +a,x, + asx,, rje Xq1,X5,X3— TUCKPUMHUHAHTHBIE
nepeMeHHele, a Iy, A5, d3— K0d3()PUIMEHTHI 3TOM TUHEHHON (YHKIUU, HaXOIAUIHECs IO

bopmye: B B
A= Sn_l(Xl _le

rne )?1,)?2 — BEKTOpHI CpeJHUX B TMepBoii M BTopoil rpymmax; A = (al,az,agjr —
BEKTOp KO3((PUIMEHTOB NHHEHHOH (yHKIMM, S, - MaTpula, oOpaTHas COBMECTHOM
KOBapHallMOHHOW MaTpULE Sn .
58408,75 87624
JIst HalMX TaHHBIX )?1 =\|5 2465,5 , )?2 =|7924417
1491 3735,17

JIns ompeneneHns COBMECTHON KOBAPMALMOHHON MATPHIBI Oy HYXHO PAacCUHTaTh

MATpHIBl 1 M 5. Kamwlil 3MeMEHT 3THX MATpHI[ HPEICTABIAET COGOIl MPOM3BEICHHE
T = T

vatpunn, K'K, s3pecs K = (k!;i")’ k!-jzx!-j—xj, K'—  coorsercrByromas

TpPaHCIIOHUPOBAaHHAsl MaTpULa:
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221742405 271770165 —9697849

—2147446  —9697849 2150682
(102189?682 1012358853 4{]31{]3?6)

(199432606,8 221742405 —214?446)
Sl= y

1012358853 1029361493 34712518,8
40310376 347125188 28051008

1

52:

Torma coBMecTHasi KOBapHallMOHHAs MaTpHIlA Sn = I:.S' ; T .5'2], rae 14 u

ny +Mn.—2
M5 — yncno 0o0beKToB B 1-0# 1 2-0if rpynmax:
152666286 154262657 4770366,25
Sp = (15426265? 162641457 3126833.?3).
4770366,25 3126833,73 61947285

Haxomum BekTop K03(pGUIIUEHTOB TUCKPUMHUHAHTHON (PYHKINU:

0,003335
A=S1X,-X)= (—0,003{]6),
—0,01385
10 ects @, = 0,003335,a, = —0,00306,a, = —0,01385.
[Ipexnae yem MPHUCTYNHTh HEMOCPEACTBEHHO K Ipoleaype Kiaccudukaiuu, HYKHO
OTpEACIUTh TPAHUILy, pPA3ACISAIONIYI0 JIBE€ paccMaTpuBaeMble Trpymnmbl (oOydaromiue
BBIOOPKH). Takoil BEMMIMHON MOKET OBITh 3HaUYCHUE (QYHKIUN paBHOYIAICHHOE OT jFl " ﬂ

riue f 1 — CpelHee 3HaueHHUe NepBOi BIOOPKH, f;,._ — cpeaHee 3HaueHHE BTOPOM BBHIOOPKH, TO
€CTb KOHCTaHTa JUCKPUMHUHAILIUN
1 —_ —
C=_(A+h)
UroObl HAalTH ATy KOHCTAHTY, pAaCCUUTAEM 3HAUYEHUS TUCKPUMUHAHTHON pyHKIUH 15

KaXKI0ro o0ObeKTa:
J11s TIEpBOTO MHOKECTBA:

fii1 =9,32; fi, =1556; fi- = 15,53; f,, = 13,65,
Torz[afl =1352
JIJ1st BTOPOrO MHOYKECTBA:
fia = —349; £y =4,51; f,; = —1,33; fo, = —8,19;
fro = 0,72; f5,0 = —4,94.
Torz[af; =—-212.

CreioBaTeNIbHO, KOHCTAHTa AUcKpuMuHammu (= 57.

PaccMOTpuM pErHOHBI ¢ OCTaBIIMMHUCA HOMepaMu. J[Js TOro 4toObl OTHECTH 3TH
00BEKThl K OJHOMY U3 JIBYX IOJIY4YEHHBIX KJIACTEPOB, PACCUMUTAEM [IJIi HUX 3HAYCHUS
JTUCKPUMHUHAHTHOMN (YHKIIMH:

fir =5,01; fi, =5,82; fi; =19,63; fi, = 15,62; fis = —11,2.

Taxum oOpa3zoM, perroHsl ¢ Homepamu 12, 13 u 14 oTHOCATCS K TIEPBOMY KJIacTepy, a
o0bexkThl ¢  Homepamu 11 w15 oOTHOcATCS KO  BTOpOMY, TaKk  Kak

fi1 <G fi2 > C fis > C fia =G fis <C.
B pesynbrare npoaenanHoi pabOThI BUIHO, UTO B TAKMX pErHOHAaX Kak BopoHexckas,

Wpkyrtckass, Csepanosckas, PoctoBckas, Hwmxeroponckas, Tynabckas — oOmacty,
Kpacnospckuit n IlepMmckuii kpas, Ha yKa3aHHYIO JaTy SIUIEMUOJIOTHYECKas CUTYALMs
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KPpHUTHYCCKAsA u TpeGyeT OIICpAaTUBHOT' O BMCIIATCIbCTBA ToCyapCTBCHHBIX nu
MYHUIUIIAJIBHBIX OPraHOB.

% %k %
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PA3JIEJI VIII. HAYKHU O 3EMJIE

MoctseB B.A.
IIprunHa MosiBJIEHUSI HCKPBI B MIbe303JIEKTPUKAX

(Poccus, Mockea)
doi: 10.18411/1j-08-2021-21

Bom nucmonemui yorc 6nrecnynu,

I pemum o womnon MoIOMoK.

B epanenviii cmeon yxooam nyau
U wenkmnyn 6 nepguwiii pas Kypox.
Bom nopox cmpyiixoti ceposamoii
Ha nonxy cviniemcs. 3youamolti,
Haoéscno 6sunyenmwiii kpemensb
Bzeeoén ewsé...

A.C. IIywxun. «Eecenuii Onecumny

AHHOTAIUSA

OO0cyxmaercss UCHOIb30BAaHUE KPHUCTAUIMYECKUX IMbE30JICKTPUKOB I MOTyYeHUS
HUCKpBl IyTEM YyAApPHOTO BO3JCUCTBUA HAa KPUCTALUI. OIJTOT METOJ MOJYy4YEHHUS OTHS
UCIIONIb30BAJICSI HECKOJBKO COT JIET IJIsl TOJDKUTaHWs TpyTa NpPHU PacKypHUBaHUU TPYOKH,
pa3kuraHus KOCTpa, IMODKUraHUA MOpoXa B KPEMHEBBIX BHUIAX OPYXKUS - IHUCTOJETaX,
MYIIKETaX, MUIIAISX, OPYAUSIX U T.I. BOEHHOTO M Iy3JIbHOTO opyxwus. [IpuBoasTcs BUIBI
CKPBITHOKPUCTANTMYECKUX ~ (HopM TOpHOTO XpycTais wid kBapma. CoBpeMEHHBIC
KPUCTALIMYECKHE TIHE303JEKTPUKU Ui JAPYTuX (OPM HCIONB30BAHMS, B YaCTHOCTH
PE30HATOPOB, (PUIBTPOB, JATYUKOB, TUHUHN 3aJIep>KEK B PaJAMOIIOKATOpax U JIp. yclexaMu
YUYEHBIX 3HAUUTENIbHO pactiupuiics. [IpuBoasTCs KpUCTAIUIMYECKUE TPAJUIIUOHHBIE U HOBBIE
MbE30AJIEKTPUKU M HEKOTOPBIE UX XapaKTepUCTHUKHU. OTMEYaeTcs, YTO B KPUCTALIUYECKUX
MbE302JIEKTPUKAX, a TaKXK€ B MbE30IJIEKTPUUECKUX KEpaMHUKaX B MOJIEKYJaX COJEPKaTCs
aToMbl kuciopona. Ha ocHoBe u3xumuu Mukpomupa, paspadotaHHeix @.M. Kanapesbim,
npeiaraeTcsi OOOCHOBAaHWE TMOSBICHUS HWCKPBI B  IBE302JICKTPUKAX Mpu  yJIapHOM
BO3JIEUCTBUM MMM WM O HHMX 3a CYET DHEPreTUKH KOCMHYECKOro Bakyyma. [IpuBonsrcs
naHHbie Teopur COB (CynmepaneKTpOMIHUTHOTO B3aUMOJACHCTBHS) 1T OOBSICHEHUS 3TOTO
s dexTa. Yka3pIBaeTCs, 4TO 3aKOH COXpPAaHEHUS SHEPruu aOCOIIOTHO BEPEH B 3aMKHYTOMH
DHEPreTUYECKOM CHCTEME M HE MOJMKET HCIIOJIb30BaThCSI B OTKPBITOM SHEPreTUYECKON
CHCTEME.

KuroueBblie ci10Ba: Mbe303JEKTPUUECTBO, HCKPA, SHEPIEeTHKA KOCMOCA.

Abstract

The use of crystalline piezoelectrics for generating a spark by impacting a crystal
is discussed . This method of producing fire has been used for several hundred years for
setting fire to tinder when lighting a pipe, kindling a fire, suppressing gunpowder in flint
weapons - pistols, muskets, squeaks, guns, etc. military and dueling weapons. The types
of cryptocrystalline forms ~ of  rock  crystal or quartz are  given. Modern
crystalline piezoelectrics for other forms of use, in particular resonators, filters, sensors, delay
lines inradars, andothers. The successes of scientists have expanded
significantly. The crystalline traditional and new are givenpiezoelectrics and some of their
characteristics. It is noted thatin crystalline piezoelectrics, as well as in piezoelectric
ceramics, the molecules contain oxygen atoms. Based on the physical chemistry of
the microworld, developed by F. M. Kanarev , it is proposed to substantiate the appearance of
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a spark in piezoelectrics under the impact of them or on them of the energetics of the space
vacuum. The data of the theory of CMEA ( superelectromagnetic interaction) are presented to
explain this effect. It is indicated that the law of conservation of energy is absolutely true in a
closed energy system and cannot be used in an open energy system.

Keywords: piezoelectricity, spark, energetics of space.

[Ipe30amekTpuyecTBO - 3TO  JJIEKTpUYEcKass  MOJspuU3alusi, I[POU3BOIUMAs
MEXaHUYECKUM HAIPSHKEHUEM B KpUCTAJIJIaX HEKOTOPBIX KJIACCOB, a TAK)KE NMbE30KEPAMUKU U
HEKOTOPBIX TOJIMMEpax. DTO NpsAMON mbe3odekTpuueckuii 3¢ dekr. Ectb u oOpaTHBII
3¢ deKT, Koraa noJ BIUSTHHEM JIEKTPUUYECKOTO IMOJISi BOSHUKAET MEXaHUYECKOE HAIPSHKCHHE
B IIbE302JIEKTPUUECKUX MaTepuanax. OTH 3P eKTbl 00paTUMbl, T.€. NPU OKOHYAHUU
BO3/ICHCTBUS 3JIEKTPUUECKOTO UM MEXAHMYECKOIO HalpsKEHUS] MaTeprall BOCCTAHABINBAET
CBOM CBOMCTBA, COXpaHss SHEPreTHUECKHii OanaHc.

WznpeBne ObLIO M3BECTHO CBOMCTBO HEKOTOPHIX MHHEPAJIOB MpPU yJape UMHU HIU O
HUX BBICEKATh UCKPY. Tak 100bIBaIN OTOHb U MOKUTAIIN TPYT, KOTOPBIM Pa3KUTajiu KOCTED,
TpyOKy. BrnociencTBum TOYTH  HECKOJIBKO COT JIET HCIOJIB30BAIM  KPEMEHb -
CKPBITOKPUCTAJUIMYECKHE MOAU(PHUKAIMN KBapla Uil TOHKUTaHUS MOpOXa B «KPEMHEBBIX»
MYILIKETax, Pa3HOBUIHOCTIX pYXeEH, NMUCTOJETax, MUUIAIAX M T.I. BUOax opyxkus. s
U3BJICYCHUS] MCKPBI MCIIOJIB30BAJICS KBApll WM TOPHBIA XpyCTallb M €ro pa3HOBUIHOCTHU-
amMeTUCT ((PHOIETOBO-IIYPITyPHBIA), TUTPUH (OT KEITOrO O KOPHUYHEBOIO), PO3OBBIA KBapIl
(po30BbIli MHOT/IA ¢ OJIECTKaMM), aBaHTIOPHUH (O€I0BaThId C CHIILHBIM 3€JIEHBIM OTOJIECKOM),
npa3 (JIyKOBO-3€JICHBIH ), «TUTPOBBIN IJ1a3» U SICTPEOMHBIN TJ1a3 (I0J0cYaThie, OT XKEITOro 0
KOPUYHEBOTO U CHHMI-HEIPO3pavHbIe), siiMa (TEMHOOKpAIIEHHAas, 0OBIYHO OT KPaCHOBATON
0 KOPHUYHEBOW, Hempo3payHas), KeapuuT (OemoBaras TOHKO3EPHHCTas MOpoOJa,
HENpo3payHas), XalleJOH pa3IMyHOM pa3sHOBUIHOCTU (arathl, XpH30Ipa3, KapHEOI,
OTHEHHBIH arar, OHUKC, IU1a3Ma, capy u ap. [1-3].

[IpupoansIit cpocTok KBapla-apy3a noka3zaHa Ha puc.l.

A

Puc. 1. IIpupoonwiil cpocmok-opy3a keapya

B XX Beke ObIJIO CHHTE3MPOBAHO MHOTO HOBBIX, WHOTJa HE BCTPEYAIOIIMXCS B

MPUPOJIE THE30IJICKTPUICCKUX KPUCTALIOB (Taby. 1), a Takke NbE30KepaMHK, KOTOphIE
IIUPOKO HCHOJB3YIOTCA B IMbC303JICKTPUUCCKUX PC30HATOpPAX, (1)I/IJIBTan, JaTdyuKax,
reHeparopax, Ib€30aKTIaTopax u T.I. u3gaenusx [2,3,9,10].
Tabnuya 1
Cunmemuueckue KpUcCmauiu4eCKue nbe303J1eKmpudecKue mamepuaisbl [2]
OpueHTanus IACTHHBI Ksanpar
Xumudaeckas pI/IHFaE aBJICHUE Cropocts, KOMC, K,
Marepuain p ITIAB, V, % (xoad.
dbopmyna pacipocTpaHeHUsI
M/c 3JIEKTPOMEX.
BOJIHBI
CBSI3H)
. 22,4°; 124,3°; —15° 3285 0,26
Kgapig SiO; ( )
YX 3159 0,19
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YZ 3488 45
1280 - YX 3980 5,3
?y‘f&iﬂ LiNbO, ZXI1/-41°30’ 3999 5,54
Yzb/-16°30’ 3503 5,36
41,50X 4000 5,54
36%-YX 4220 6,6
Y 3329 1,18
Tanranar . ZYs[112° 3295 0,72
- LiTa03 YZ 3230 0,66
YX 3148 0,075
77,10-YZ 3254 0,72
Cepmanar BiL,GeOy (001), [100] 1681 1,36
BUCMYTa (111), [110] 1708 1,69
(0°; 140°; 24°) 2736,7 0,37
Ulanracur La;GasSiOyy (90°; 40°; —6°) 2535 0,44
(0°; 138,5°; 26,6°) 2740 0,44
Ulanrarar La;GasTagsOyy 0" ;,Z 90°) 22221%?6 8:222
Ulagranur  |LasGasNbgsO14 (30°; 90°; 90°;) 2376 0,172
(0°: 80,4°; 0°) 2751 0,63
Bepmuaut  |AIPO, (90°; 90°; 80,4°) 2717 0,22
(90°; 90°; 168,7°) 2926 0,49
IApceHut JaAs (100), [110] »2841 0,06
rasuTust (110), [100] 2822 0,016
Terpabopat Li,B.O; 45°=YZ 3391 1
UTUTHSI (90°; 90°; 90°) 3510 1,2
(0°; 110°; 0°) 2330 0,5
?aﬂi‘ﬁocqm GaPO, (90°; 5°: 0°) 2501 0.3
(0°; 54,5° 0°) 2342 0.3
SNGS SrsNbGasSi,0yy (0°; 0°; 90°) 2835,8 0,628
STGS Sr;TaGasSi,0y (0°; 0°; 90°) 2733,1 0,562
CTGS CasTaGazSi,O14 (0°; 0°; 90°) 2771,6 0,362
CNGS CazNbGa3Si,O14 (0°; 0°; 90 2906,2 0,261

B nacrosimee BpeMs 3pQeKT MOsIBICHUS UCKPHI B MbE30JIEKTPUKAX HCIOJIB3YETCS B

MbC303aAKUTAJIKAX, MbE30YyA0UYKaAX, NIbC303aKUT'aHUU IBUT aTeley U T.1. U3JCIIHIX.

Monekyna kBapiia SiO, UMeeT ClieAyIONIHi BU/IT:

o
: L o i
WlSi‘O—'?" ‘-S\iww
0

. Q 1 {
O“Si—o-*S\I‘O“Sli—O
Q O o =

/ /
WS%i’O“ISi\O/S%iW
O"‘—L

Puc. 2. Cxemamuueckoe uzobpasicenue moneKyavl OUOKCUOA KPeMHUS
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VYnakoBka MOJIEKYJl B peajbHBIX KpUCTaIaX 3aBUCUT OT KpUCTaIOrpaduvecKux
oceil.

*B keapye emopuunblil nupos3ggexm, onucvisaemviil P, go3HuKaem npu

C60000HOI Oehopmayuu KpUCmaia, OH UHOYYUPYEmcs MmepMULecKum pacuiuperuem
yepes nvezosnekmpudeckuil ¢pgexm [4].

Bo Bcex KpUCTAIUIMUECKHUX IbE303JIEKTPUKAX IPUCYTCTBYIOT aTOMBbI KHCIOpOJa
(tabmuma 1).

Hckirouenuem siBisieTcsi apceHul rajuiis. BeposTHO, wim B HEM OTCYTCTBYET ekt
WCKPBI, WJIA POJIb KMCIIOPO/A BBIIOJIHAET IPYTOil JIEMEHT.

[Ipn mMexaHM4ecKOM yJapHOM BO3JEHCTBUM HApyIIAeTCs CTAOMIBHOCTH MOJIEKYJIbI
JUOKCHJIAa KPEMHHUSI AHAJIOTMYHO PA3PYLIEHUIO MOJEKYJbl KUCIOPOJAa MPU MEXaHUYECKOM
pa3pyLIEeHUN MOJIEKYJIbl BOABI [5,6].

B pabore [7] Obut0 MOKa3aHO, YTO B HACTOsIIEE BPEMS JOCTATOYHO HHTEHCHBHO
UCIIOJIB3YETCSl 3HEPIUs MEXaHMYECKOI'O pa3pyLIeHHMsT aTOMOB KHCIOpOAAa BOJbl IPHU
anexkTporuapoauHamMmuueckom 3¢ dexkre FOTKMHA, BUXPEBBIX U CTPYHHBIX mpeoOpa3oBaTeneit
sHeprun  A.T.H, mpop. MITY 10.C. IloramoBa, yCTpOWCTB C HCIOJb30BAaHHEM
ANEKTPOTUIPOJNHAMHYECKOTO 3(peKTa B cOueTaHNH C KaBUTAIMOHHBIMH MIPOLIECCAaMH [I.T.H.
B.A. [yaspimeBa Juisi MOJyYeHHs] TEIUIOBOM, MEXAHMYECKOM M BJIECKTPUUYECKON HHEPTHUU.
KaBuTanmoHHblil mpouecc HCHOIb3yeTcs B cucTeMe pakerbl-Toprienbl «llIkBam», koropas
JIETUT 1101 BOAOH B IAPOBOM I1y3bIPE U PA3BUBAET M0J] BOJIOM HEMBICIUMYIO 10 3TOI'0 KOPOCTh
1o 370 xkm/4ac.

CTpyKkTypa MOJEKyJbl KHUCIOpOJa 00pa3yeTcsi IMyTEM COEAUHEHMS Pa3sHOMMEHHBIX
MarHUTHBIX IOJIFOCOB OCEBBIX 3JEKTPOHOB JIBYX aTOMOB Kuciopoza [5,6]. IIponecc cunTesa
MOJIEKYJI KHCJIOpO/ia COTPOBOXKIAETCs BblieieHueM 495 kJ[/Moibp SHEpruu Wiu B pacyere
Ha OJIHY MOJIEKYIIy

E=(495x1000)/(6,02X10® X1,602X10™°)=5,13 3.

«Oueprus 5,13 3B — Tepmudeckas SHEPTUsS CBSI3U MEXAY AJIEKTPOHAMH JBYX aTOMOB
kucinoponaa. Ilpu oOpa3oBaHMM MOJIEKYJIBI KHCIIOpOJA OHA H3JIydaeTcs B BUAE (OTOHOB
3JIEKTPOHAMHM, BCTYNAIOIIMMU B CBSI3b. KaKIbIil 37IEKTPOH, BCTyHAalOUUN B KOHTAKT, U3JIy4aeT
1o ¢oToHy ¢ sHeprusimu 5,132/2=2,565 >B. BaneHTHbIEC 2I€KTPOHBI B 3TOM CITydae 3aHUMAIOT
MOJIOKEHUE MEX]y BTOPBIM U TPETbUM SHEPreTUYECKUMH ypOoBHAMU» [2]. g pa3pyuieHus
9TOM CBSA3M JIOCTATOYHO 3aTpaTtuTh 2,56 3B Mexanuueckoill sHepruu. Jljis TEpMHUUYECKOTO
paspbiBa 3TOW CBS3U DHEPruU TpeOyeTcs B JiBa pasa Ooibie, T.€. 5,13 5B. D10 00BsACHICTCS
TeM, 4yTo sSHeprus ¢ortoHa 5,13 »B mnoriomaercs OJHOBPEMEHHO JBYMS SJIEKTPOHAMHU.
Tonpko B 9TOM ciiydae 00a D3JeKTpoHa OyIyT TMepeBeAeHbl Ha CaMble BBICOKHE
DHEPreTUYECKHEe YyPOBHM € MHUHUMAJIBHOM DJHEpPrue CBsA3M, IIPU KOTOPOM OHH
pPa3beAMHAIOTCS, W KaXAblH aToOM KHCJIOPOJa CTAaHOBUTCS CBOOOAHBIM. TakuMm o00pazom
3aTpaThl SHEPTUH Ha pa3pylIeHUE MOJIEKYJbl KUCIOPO/Ia 3aBUCAIT OT cIoco0a BO3/IEHCTBUS Ha
cBs3b. [Ipu TepMuyeckoM BO3/IEMCTBHM Ha CBA3b OHA pa3pymiaercs npu sHepruu 5,13 3B.
[Ipy MexaHMYeCKOM pa3pylLIeHMH JOCTaTOYHO 3arpaTuth 2,56 3B. CnegosarenbHo,
JHEpreTHKa IMpoliecca CHHTE3a MOJIEKYJbl KUCIOPOAa 3aBHCHUT OT crocola e€ pa3pylleHus.
[Tocne TepMuueckoro paspylleHHs MOJEKYJbl KUCIOpona, mporecc e€ (opMUPOBaHUS
HAUYMHAETCS C U3Iy4YeHHUs] 00OMMHU BaJICHTHBIMU 3JIEKTPOHAMHU MO (OTOHY C 3HEpPrusiMu 2,56
5B ¥ npexHss SHeprus >IEKTPOANHAMHUYECKON CBs3U (2,56 3B) Mexay 37eKTpoHaMu 000uX
aTOMOB BOCCTAHaBIIMBAETCSl.

Takum oOpa3oMm, MpU TEPMHUUECKOM pPA3pYyLICHUH MOJIEKYJbl KHCIOPOAa TeIIOBOM
SHEPIMM 3aTPauyMBAaEeTCs CTOJIBKO JK€, CKOJBKO BBIACISETCA IPU TMOCIEAyHoUeM €€
oOpa3oBanuu. Hwukakoil JOMONHUTENBHON OJHEPrHUM TPU TEPMHUECKON IHCCOIUAIIIN
MOJIEKYJIBI KHCIIOPOa U MOCIEAYIOIIEM €€ CHHTE3€ HE TOSIBISETCS.

Ecnu ’xe Mozexyily Kuciaopoja paspyllaTb MEXaHMYECKUM IIyTEM, TO JUIsl ATOrO
JIOCTaTOYHO 3aTpaTuth 2,56 3B mexanunueckoil sHeprun. [Ipu 3TOM BaJIEeHTHBIE JIEKTPOHBI
aTOMOB KHCIJIOPOJIa, OKAa3bIBAIOTCS B CBOOOJHOM COCTOSIHUM TP HEAOCTATKE SHEPTHH,
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COOTBETCTBYIOIIEH TAKOMY COCTOSIHUIO, TaK KakK MPOIECC MOIJIOMEHUS KaXAbIM U3 HUX 2,56
3B sHeprum OTCyTCTBOBad. B TakoM COCTOSSHUM SJEKTPOHBI HE MOTYT OCTaBaThCs, OHHU
JIOJKHBI HEMEITIEHHO BOCIIOJHUTD 3HEPIHI0, KOTOPYIO OHU HE MOIYYUIN IPU MEXaHUYECKOM
paspbiBe CBS3M MEXAy HUMH. VICTOUHHMK OJWH — OKpYy)Karomas cpena, T.e. (pu3mdecKuii
BaKyyM, 3anojiHeHHbIN 3¢upom (mo @.M. Kanapesy [5,6]. Onu HEeMenIeHHO MpeoOpa3yroT
abup B sHepruro 2,56 sB. Crnenmyromas ¢aza — coeawHEHHE JBYX aTOMOB KHCIOPOJa,
BaJICHTHBIE 3JIEKTPOHBI KOTOPBIX MOMOJIHWIIM 3amachkl CBOEH sHepruu 3a cu€r sdupa. ITOT
MIPOIECC COMPOBOXKIACTCS U3ITYYSCHUEM ABYMsI dJIEKTpPOHaMU (OTOHOB C dHeprueit 2,56 3B.
Taxk sHeprus NoriomeHHoro 3gupa npeodpazyeTcs B TEILUIOBYIO SHEPTUIO0 (POTOHOB. 3aTpaTHB
2,56 5B MexaHMUYEeCKOH 3HEpPruu Ha pa3pyLIEHUE MOJIEKYJIbl KHCI0pOa, IPU MOCIEAYIOLIEM
CHHTE3€¢ 3TOH MOJICKYJIbI MBI IOJIy4yaeM SHEpPTHHM B JBa pasza Oombiie (2,56x2)=5,13 »B.
JononuuTenbHas SHEPTUs OKa3bIBaeTCs paBHOM 2,56 3B.

OnHOBpPEMEHHBIN NEPEXO IIECTH KOJIBIEBBIX 3JIEKTPOHOB KAXKIOTO aTOMa KMCJIOPO1a
Ha OoJiee HU3KUE SHEPTreTUYECKUE YPOBHH COMPOBOXKIACTCS OJHOBPEMEHHBIM H3IyUYECHUEM
($OTOHOB, KOTOpPbIE U TEHEPUPYIOT DHEPIHIO B3pbIBA MIIM HCKPHI, T.€. MPOOOI BO3IYIIHOTO
IIPOCTPAHCTBA.

Crnenyer OTMETHTb, YTO NIbE303JEKTPUYECKAs KepaMUKa I10 TEXHOJOIMYECKOMY
nporeccy (OpoOMUPYETCS M3 OKHCIOB HEKOTOPBIX DJIEMEHTOB- IIMPKOHMS, CBHUHIA, Oapws,
TUTaHa, HUOOUS, KaJus U JIp. SJIEMEHTOB.

Hanpuwmep, popmyna nbe3okepamuku cuctemsl LITC (uupkonara TUTaHaTa CBUHIIA)
BBITJISUT Tak [8]:

(Pb0,95 Sr0,05)(Zr0,50 Ti0,50)03

Takum 00pa3oMm B mbe30KepaMHUKe BCErja MPUCYTCTBYET KuciopoAd. Y nmpuBeneHHbIE
BbIlIE U3n0xeHusA O.M. KanapeBa 0 TEpMHUUYECKOM U MEXaHUUYECKOM pa3pyLICHUH KUCIOpOAa
INPUCYTCTBYET KakK SIBJICHUE B IbE303JIEKTPUUECKOM MaTepualie, NMpU KOTOPOM B IEPBOM
cilydae SHEPreTHYECKUi OallaHC COXpaHsSETCs, a BO BTOPOM Cly4ae dHepreTudeckuil 6amaHc
nononusiers no .M KanapeBy 3a cueT kocMu4yeckoro 3gupa.

Cunraercs, 4TO 3apsij, WIK pa3psij JIEKTPUUECKOTO HANPSIKEHUS] B MbE302JIEMEHTE
3anumaet Bpems (0,1-0,08)x10E-12¢ [11]. Omnako mepexoj AJIEKTpOHA ¢ OAHOW OPOUTHI
Ha JIPYTYIO SHEPTeTUYECKYI0 OpOUTY U M3NydeHHe (POTOHOB COCTABISET BPEMs MOPSIKA 1078
c. [12]. DTo Gonee BepHOE 3HAUCHUE BPEMEHHU pa3psija.

DHeprus pa3psaa-uCcKpbl JOCTATOYHO CKPOMHAS.

OpnHako MpU yIapHOM BO3JIEUCTBUM, HANpPHUMEpP, B UMITYJIbCE MbE303KHUIaJIKU IO
pacuéraMm, CclIeJTaHHBIM Ha mnpennpustuu ABpopa B Bonrorpaae, mnpou3BOASIIUM
MbE30KEPAMUKY U U3JETUs U3 HE€, MOIIHOCTh B UMITYJIbCE MOXKET cocTaBiiaTh 750 kBt [11].

A sHeprusi yepraercs W3 KOCMHYECKOro Bakyyma. Teopus 3dupa HE pacKpbiBaeT
CTPYKTYpY BaKyyMHOIO KOCMHUYECKOI'O TPOCTPAHCTBA.

OpHako co3ziaHa Teopusi, KOTopas CTajla pa3BUTHEM IPEAbLAYLINX TEOpUN U CMOrja
OTBETUTh HA MHOTHE BO3HHUKIIHE BoOmpockl. Jta Teopus Cymepcunsl  (CBepXxcuiabHOE
AIEKTPOMArHuTHOE B3aumoeiicTBue-COB) cMorna o0beAMHUTD CYIIECTBYIOIINE U3BECTHBIE
CHUJIBI MHUpPO3JaHUS — OJJICKTPOMATHUTHBIE, CJa0ble JJICKTPOMATHUTHBIE, SIIEPHBIE W
IpaBUTAllMOHHBIE. Teopus co3aHa POCCHUCKUM (DU3MKOM-TEOPETUKOM Bragumupom
CemenoBuuem JleoHoBsiM. K cokaneHuto AByXTOMHBIN Tpyl B Oosiee 4yem B 720 cTp. BBIIIENT
B [I€YaTH HA aHTIIMHACKOM si3bike B AHrMH B KemOpumke u B Munuu [13]. B Poccun nznanue
TOTOBHUTCSI K TICYATH.

OCHOBHBIM 3JIEMEHTOM - KHUPIHWYUKOM MHUPO3JAHUs SBIISETCS KBAHTOBAs YacTULA
KBAHTOH, COCTOSIIUHN U3 ABYX JEKTPHUUECKUX U JIBYX MarHUTHBIX qumoieit (puc. 3).

B HeUTpambHOM IOJIOKEHUU - 3TO HEBUAMMBIA CBEPXIIPOBOIALIMN KPHUCTAILI,
CBETOHOCHAsl Cpeia, cojJepkamas B oxHOM KyOumueckom wmetrpe 1073  JIx sHepruw,
JIOCTaTOYHOM JJIsI CO3aHUsI OJTHOW BCEJIEHHOM.

HexkoTtopbie cxeMbl M MpEACTaBICHUsI KOCMHUYECKOr0 MpocTpaHcTBa 1o Teopun COB
IIPEJICTaBJIEHbI HA pUC. 4-7.
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Puc. 3. Cxemamuueckoe uzobpasicenue K6anmoua (66epxy) u K6AHMOBAHHO20 NPOCMPAHCINEA-EDEMEHU 8
pe3yivmame 3NeKMpOMASHUMHO20 Keanmosanus [13]

Puc. 5. [lsyxpomopnas cmpyxmypa ¢pomona [13]
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Puc. 7. Dnexmpomacnumnas noaapusayus K6AHMOHA NPU NPOXOHCOEHUU INeKMPOMASHUMHOU 801HbL. [13]

[osiBnenue Teopun Cynepcuiibl O3BOJSET O0jIee MHUPOKO MCII0JIb30BaTh HA MPAKTUKE
cymiecTBytomue 3(pQeKTsl MosiBIEHUS SHEPTHH KOCMHYECKOTO BaKyyMa-TEMHOW MaTepHH,
CYILECTBYIOIIEH BOKPYT Hac.

[losiBleHHe HCKpBI B pe3yibTaTe MEXAHWYECKOIO YJIApHOIO BO3IACHCTBHS Ha
[IbE303JIEKTPUUECKU MaTepuan oObsICHAET BOZHUKHOBEHHME MCKpBI 32 CUET 3aMMCTBOBAHHUS
DHEPIUH U3 KOCMUYECKOIO BAKYyMa.

Taxkum ob6pazom Teopust Cymnepcuibl MO3BOJIAET OOBSICHUTH IMOSIBICHUE SHEPTUU U3
BAKyyMa-IIyCTOTBI, KOTOpas Ha IPAKTUKE OCYILIECTBISAECTCA B 3E€MHBIX YCIOBUAX IIPH
MEXaHUYECKOM DA3pYyLICHUH MOJIEKYJ BOJBI, a TaKXKE B IPYIMX ClydasxX, HAalpUMeEp, NpHU
UCTIOJIb30BaHUM HEUCUEPIIaeMOW PHEPTUU MAarHUTa, YTO HE MOXKET OOBSICHUTH KIIacCHYecKast
busuKa.

W3 13105K€HHOTO BBILIE HYKHO CJEJIATh U €lIe OYEHb BAKHBIN BBIBOJ.

3aKkoH coxpaHeHMsI JHeprum aOCOJIOTHO BepeH B Halleldl 3aMKHYTOM
JHEPreTHYECKOM cucreme.

3aKOoH coXpaHeHHSl DJHepPruM He MOKeT TNPUMEHATbC B  OTKPBITOM
JHEPIreTHYECKOH CHCTeMe, KOIJa DJHeprusi 4Yepnaercs, MH3BJeKaerca u3 (1o
HEYCTOSIBIICHCSI TEPMUHOJIOTHMM) TEMHOW MaTepuH, KOCMHMYECKOro BaKyyMma,
KBAHTOBAHHOI'0 IIPOCTPAHCTBA.

Taxkum o6pa3om Mpu TEPMUUECKOM HIIM MEXAaHWYECKM (HE yAapHOM) BO3AEHCTBUM Ha
IIbE302JIEMEHT 3aKOH COXPAHEHHUs DHEPIMU COXpaHSAETCA, TaK KAaK IPOLECC MOJAPU3ALUN
IIPOUCXOIUT B 3aMKHYTON SHEPIE€TUYECKOMN CUCTEME.

IIpn ynapHOM BO3JEHCTBMM Ha IIbE303JIEMEHT HEIOCTAIOLasi JHEPrUs CBS3H
JJIEKTPOHOB aTOMOB KHCJIOPOJIa YEPNAETC U3 KOCMUYECKOrO0 BaKyyMa, U B JAaHHOM CIy4ae
3aKOH COXPAaHEHMS DHEPIMM HE MOJKET MCIOJIb30BAThCS, TAK KaK DHEPTUs MCIIOJIB3YETCS W3
0ECKOHEUHOTr0 MPOCTPAHCTBA U OECKOHEYHOI'O KOJIMYECTBA.

BriBon:

[losiBneHre MCKpbl NpU YIApHOM BO3JEHCTBUM Ha MbE303JIEKTPUK OOBICHIETCS
U3Iy4yeHUueM (OTOHOB MPHU pa3pyLIEHUH MOJEKYJ KHUCIOpOJa IMpPU MEPEXOAe JIEKTPOHOB Ha
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camble BBICOKHME PHEPreTHUECKHE YPOBHU C MUHUMAIBHON 3HEPTUEN CBS3H C MOCIEAYIOUIIM
BOCITOJIHEHHEM PHEPrUU 32 CYET KOCMUYECKOTO BaKyyMa.
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I'eorpadus pexkpeaunonHoro rypusma B perunonax IlpuBosrkckoro ¢geaepaibHOro
OKpyra
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um. H.I1. Ozapésa

(Poccus, Capanck)
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AHHOTAIUSA

B cratbe paccmaTpuBaroTCs BOIPOCH reorpaduu pPEeKpealMoHHOTO TypH3Ma B
perunonax [IpuBoskckoro (enepanbHOro OKpyra ¢ TOYKH 3pE€HHs CE30HHOCTH.

KiroueBble cioBa: pekpeallMoHHbIN TypusM, [IpuBoimkckuil ¢enepanbHbIii OKPYT,
pekpeanusi, reorpadusi, TOPHOIBDKHBIE KypOPTBI, 3UMHSS peKpeanus, JIETHssS peKpeaiys,
CIUIaBbl, KYyIIAHUE, IIEIINAE TOXO/BI.

Abstract

The article deals with the geography of recreational tourism in the regions of the
Volga Federal District from the point of view of seasonality.

Keywords: recreational tourism, Volga Federal District, recreation, geography, ski
resorts, winter recreation, summer recreation, rafting, swimming, hiking.

PexpealinoHHBIM TypH3M — 3TO MepenBHKEHUE Jofieil B cBOOOJHOE BpeMs B LIESIX
OTAbIXa, HEOOXOAMMOIO JMJisi BOCCTAaHOBICHHS (PU3NYECKUX U IYIIEBHBIX CHJI 4YeJOBEKa,
MIOCPENICTBOM PEKPEALMOHHBIX PECYpPCOB: peibeda, BOAHBIX OOBEKTOB M IMOYBEHHO-
PacTUTENBLHOTO MOKPOBA, OMOKIMMAaTa, YHUKAJIBHBIX TPUPOIHBIX JIeueOHBIX pecypcoB [1].

leorpaguro pekpearnrioHHoro Typusma B IlpuBomkckoMm (emepaqbHOM OKpyTe
PaccMOTPHUM C TOYKHU 3PEHHS] CE30HHOCTH.
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3umHssA pekpeanus B peruonax [IpuBomkckoro denepanpHoro okpyra (nanee [1DO)
paccMaTpruBacTCAd HAMHU B KOHTCKCTC PA3BUTHUA TOPHOJIBIKHBIX KYpPOPTOB H, B COBOKYITHOCTH,
TOPHOJIBDKHBIX 0a3, IICHTPOB U KOMIUIEKCOB (PUCYHOK 1).

Pecny bmmra ¥V oMy prim
Pecnybmuxa Tataperan
Pecny bmira Mopnoena
Pecny bmira Mapmii 3n

Pecny bmmra bamroproctan

Camapcraz obmacte ¥ [ 0pHOIELEHEIE Ky POPTEI
Capatoeckas obnacs
VipaHOECKad 0baacTe ® TopHOEDEHEIE Da3bl. LIEHTPEL
Pecnybmira Uy eammm KOMITIEKCEI
ITenzenckas obmacts

Openbypreeazobmacs

Hivxer oponckas obmacts

Tlepmcrmit epaii

Kipoeckas obmacts

0 5 10 15 20 25

Pucynox 1 — Pazeumue 3umne20 pekpeayuonno2o mypusma @ pecuonax Ilpusonccrkozo gpedepanvrnozo okpyaa

B okpyre HacuuThiBaeTcs OKoiO 63 OOBEKTOB s 3UMHEH pekpeauuu, oOIei
OPOTSHKEHHOCTBhIO Tpacc B 40 KM, TOPHOJBDKHBIE KYpOPThl 00CIIYXHMBalOT 31 MOIBEMHUK.
Kpynseiimme u cample 3HauuMble B TYpU3ME TOPHOJBDKHBIE KYpOPTBI, M LEHTPHI
[IpuBomxkckoro ¢enepaibHOrO OKpyra pacHojoXKeHbl B PerHoHax, NMpUIIekKAIIUX K Ypaly —
[Tepmckom kpae u Pecniybnuke bamkoprocran, a Taxke B Peciy6nuke Tarapcran Camapckoit
obmactu [2].

B chomcke cambBIX mocemjaeMbIX —TOPHOJIBDKHBIX — KypopToB  IIpuBOimkckoro
(denepambHOro OKpyra JIMIEPOM SBISIETCS TOPHOIBDKHBIA KypopT «AO3aKOoBO», TaKKe OH
ABIISIETCS. U CaMbIM BBICOKMM — IpocTupaercs 10 BbIcOThl 1170 M. Ilepnon ropHonbpKHOrO
KaTaHUs: cepelnHa HOAO0ps — Havaso Mas. AG3aKOBO — 3TO OJMH M3 CaMBIX COBPEMEHHBIX
TOPHOJIBDKHBIX KOMIUIEKCOB B PoccHM, COOTBETCTBYIOIIMN MHMPOBBIM CTaHAAapTaM KadecTBa
Tpacc (4TO TOATBEPKICHO COOTBEeTCTBYromuMHU ceprudukaramu FIS m maccoit exeromno
IPOBOJUMBIX COPEBHOBAHUI).

OmHuM W3 caMBIX TIONMYJSIPHBIX TOPHOJIBDKHBIX ~ KYpOPTOB B pECITyOJIUKE
bamkoprocTan cuUMTaeTCsl TOPHONBDKHBIA LeHTp «Metamnypr—-Marauroropck». OTOT
MHOTO(YHKIIMOHAJIBHBIA ~ KypOpT  pacrojlaraeTcsi MEXIy OJHOMMEHHBIM  TOpPOJOM
MarHuTtoropck, M CBOMM TOPHOJBDKHBIM  «COCEIOM» — KypopTOM «A03aKoBOY.
OTIMYHMTEIBHOH OCOOEHHOCTBIO PACIOJIOKCHUS KypopTa SBISETCS TOT (aKTOp, YTO OH
HaXOJUTCsl HENOCPEACTBEHHO Ha Oepery »kuBomucHoro ozepa bannoe. Co Bcex cTOpoH
TOPHOJIBDKHBIN HEHTP «MeTtamtypr—MarauToropck» OKpy>K€H TOPHbIM MAacCHBOM M JIECAMHU,
OpUpOoAHOe OOraTcTBO M pa3zHOOOpa3ue TakKe NMPHUBJIEKAIOT K MOCEIIEHUI0 TOPHOJBIKHOIO
LIEHTpa.

Eme onHMM M3 caMbIX IOCENIAEMBbIX TOPHOJBDKHBIX KOMIUIEKCOB B [IDO sBusercs
TOPHOJBDKHBIA KOMIUTEKC «I'ybaxay, KOTOpblii HaxoauTcs B mocenke [lepBomaiickuii ropoa
I'ybaxa Ilepmckoro kpasd. Croa OXOTHO NIpUE3XKArOT JHOOUTENN JIBDKHBIX BUIOB CIOpTa
IIOYTH M3 BCEX YTOJIKOB PoccuM, MOCKOJIBKY FOPHOJIBDKHBIM KOMIUIEKC IpemaraeTr 17 tpacc
Pa3HOI0 YPOBHS CIIOAKHOCTH U NMPOTsKEeHHOCTH OT 80 10 2600 M.

l'opHonbrkHEI KOMIUIEKC «KpacHas I'nMHKa» pacnosioKeH HEAAIEKO OT LEHTpa
Camapsl, B nocenke Kpacnas ['nmuaka. Cokonbu ropsl 371echk CiyckaroTcst K Boare, cosnaBas
0a3y s yCTpOHCTBAa TOPHOJBDKHBIX Tpacc. Ha mnpoTuBomonoxHOM Oepery peku
IIOJTHUMAETCs ropHas 1ens JKuryim, Ha KOTOpyl0 OTKPBIBA€TCSI OTIIMYHBIA BU.
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OcHoBoit mnsa jetHelt pekpearuu B [IDO sABIAIOTCS BOMHBIE PECYpPChl OKpyra
(pucyHOK 2), KOTOpBIE HCIIOJIB3YIOTCS B KayeCTBE CIUIABOB IO peKaM/0o3epaM, KyHmaHHs B
pekax/o3epax. Takke JETHsS peKpealusi CBsi3aHa C MEeMUMHA TyPUCTCKUMHU Ttoxofamu (Oosee
24 1), opraHu3yeMbIMH 3a4acTyI0 10 Bo3BbIIIeHHOCTAM, B OOIIT u k Bomoemam.

W3 pucyHka 2 BUIHO, UTO BO BCEX PETMOHAX MPEUMYILECTBEHHO BBIICIAIOTCS MECTa,
000pyIOBaHHBIE JJIS1 KyNaHHs, YTO OOBSICHSETCS MPUCYTCTBUEM B PETHOHE T'yCTOW PEYHOH U
03€pHOM CETHU, BOJOXPAHWIMII, MPUHAIICKAIIUX B OCHOBHOM IJIABHOM BOJHOW apTepUH
peruoHa peke Boure. bosnbiioe koin4yecTBO MECT Ul KyIIaHUs B BOCTOUHBIX peruoHax I[1PO
00BSCHSETCS MX OTHOIIIEHHEM K OacceiiHam He TobKo Boiru, HO U K pekaM Ypaa.

CapatoBckasd 0671acThb
Camapckas 0671acTh
VIpsHOBCKadA 061aCTh
Pecny6arka MopaoBHS
PecnyGanka UyBanssa
Pecny6GaHka Y IMypTHA
Pecny6aHka BamkopTocTaH
TlepMckHH Kpai
Pecny6anka TaTapcTaH
KHpoeckad 001acTh
OpeHGyprckast 061acTh
Pecny6arka MapHit 31

Tlen3eHckad oG1acTh

Hmxeroponackad o61acTs

0 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

=

ECmmaser  EKymaHHe TlemmHe mMoxoasl

Pucynox 2 — Buovl u konuvecmeo remnux 61008 pekpeayuu 8 pecuonax Ilpusonsicckozo gedepanvrozo okpyea

CriaBbl pa3BUTBI B pETHOHAX C KPYITHBIMU pekaMu 1 o3epamu. Hanpumep, Crinas 1o p. Hemze
(Kuposckast o0nacts, 3 must). 3a 2 aHA TypucThl NoObBatoT B «Bsirckoit 11IBelitiaprm» — camble
KUBOIIMCHBIE ¥ YHHKAIbHBIC JOCTONpUMeUarelbHOCTH KHpoBCKoM 00macTy, pacroloXeHHblE B
CoBeTcroM paiioHe.

Homuna pekn Hemppl, ckanbHbIl MaccuB «KaMmenby», ckana YacoBoil, bepecHarckuil
Bojionaj, bypxarckuii yrec U paciienuHbl. YpOBEHb CIIOXKHOCTH: JETKUH, (U3. MOATOTOBKA
He TpedyeTcs. [IpoTsHKeHHOCTh MapIIpyTa: 1Mo BoJAe — 25 KM, Menwii — okojio 10 k.

[lemme mnoxoasl MPOMOIKUTENBHOCTBIO Ooniee 24 4, OpraHu3yroTcs B peruoHax
Cesepnoro u lOxxHoro Ypana (PecnmyOmuka bamkoproctan u IlepMckuii kpaid, peruoHbI
Openbyprckoil obmactu), B ocTanbHbIX perroHax [1PO memmilt TypusMm pa3BUT B MeCTax ¢
JOJIMHAMU PEK, 4aCTO MEHSIOUIMMHUCS Nei3aXkaMi, B OCHOBHOM TAaKHE MOXO/Ibl OPraHU3YIOT B
OOIIT oxpyra. Hanpumep, «Iloxon Ha ropy ManunoBast 1152 M u Cunue ckanb» 2 ans/1
Houb (OpenOyprckass oOmacts). Topa MammuoBas (ManuHoBka, Emdkram) umeer Tpu
BEPIIMHBI C MAKCUMaJIbHOW BbICOTOM 1152 M Han ypoBHem mops. C BepmmH ManuHOBOR
OTKpBIBa€TCSI KpacHUBbIM BUA Ha okpecTHOCTH. C OHON CTOpOHBI BUJIEH Bech benmoperk, a ¢
Jpyroil MOXKHO YBHJIETh BbIclIyto Touky FOskHoro VYpama — ropy fmantay (1640). Jopora
MIOCTENICHHO HAa0HMpaeT BHICOTY M MOAHUMAETCS MPSMO IOJ] CKaJibl. MapIipyT HE CIIOXKHBIN U
JOCTYTIEH JIIo0oMy TypHcTy [3].

PekpeanimoHHbIil Typu3M BKJIIOYaeT B ce0sl M IOCEUIEHHE CAHATOPHO-KYypPOPTHBIX
OpraHM3alyii, IPUYEM B JAHHOM CIIydae PeKpeanus pacCMaTpuBaeTCs KaK KpyIvIOroAuyHasl.
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Bcero na teppuropun [P0 pacnonoxeHo 399 caHaTOpHO-KYpPOPTHBIX OpraHU3aIUM.
[To xonnyecTBy caHaTOpHO-KYpOopTHBIX opranuzauuii B 2020 r. II®O 3aHuMaeT TpeThbe MECTO
cpenu apyrux peruoHoB Poccun. Camoe 00bIIoe KOJIMYECTBO OPTaHU3alluid HAaCUUTHIBACTCS
B PecniyOnuke Bamkoprocran — 74 opranuzainuu, uyto coctasiser 18,55 % [4]. Ananu3 mect
B CaHaTOPHO-KYpOpTHbIX opraHu3auusax IO mnozBosser caenarth CiaeAyrOIIME BBIBOJBI.
JIMaupyIomuM perioHOM O YHCITy Takxke sBiserca Pecny6nuka bamkoprocTan, 11345 mecr
(pucyHnok 3).

VILSHOBcKasa oGmacTs [ 3 231
CapaToBckas obmacte [N 4 840
Camapckas oonacte N 9 647
IlenzeHckasa oOmacTte [ 2 049
Opeubyprckas obnacte [N 4 295
Hinxeropomnackas obmacts [N 5 863
Kuporckasa o0macTs e 3 626
Ilepmckmii xkpair [N 7 111
Yyepamckas Pecnybmnmka - Uysarmmsa e 3 027
Vamyprekas Pecryornuka [N 4 785
Pecnyonmuka Taraperan (Tarapcran) N 9 197
Pecrry6nuxa Mopaosus [l 1 246
Pecrry6nuka Mapuit Do [l 1 655
Pecnyonuka bamxoprocran [ 11345

0 5000 10000 15000

Hmcmao MecT
Pucynox 3 — Qucno mecm 6 canamopro-kypopmusix opeanuszayusx 6 2020 2ody na meppumopuu IIpusonsicckoeo
geoepanvroco okpyea [4]

B npoueHTHOM COOTHOIIEHUH KOJIMYECTBO MecT B bamkoprocrane cocrasiuset 15,5 %
OT Bcero yucia MecT Bo BceM [IpuBomkckom denepansHom okpyre. Pecy6nuka Tatapcran u
[lepMckuii kpait Tak *e UMEIOT OOJIBIIOE KOJIMYECTBO MECT. ITO OOBSICHSAETCS JAOCTATOYHO
OOJBIIMM  KOJIMYECTBOM  CAHATOPHO-KYpPOPTHBIX opraHuzauuid. C camMblM  HU3KUM
nokasaresjeM (YUCIO MECT B CaHaTOPHO-KYPOPTHBIX OPraHU3aIMsIX) OTMEUEHBI CIIEAYIOIINe
peruonsl: pecyonuku Mopnosust 1 Mapuit Oun, [len3zenckas 061acTsb.

Takum oOpa3oMm, pekpeanoHHas IesITeIbHOCTh B pasziauuyHbIX cyObekTax [1PO
NpEJICTaBICHa HEOJHOPOJAHO M CBsi3aHA OHA, B TMEPBYID OYEpelb, C MNPUPOAHBIMU
NPEINOCbUIKAMU B PETMOHAX OKpyra. 3UMHASA DPEKpealus IpeAcTaBlIeHAa B PETHOHAX C
BBICOKOTI'OPHBIM peJ'II)e(l)OM MCCTHOCTH, a IJICTHAA pEeKpcalud BO MHOI'OM 3aBUCUT OT
UMEIOIIMXCS  KPYIHBIX BOJAHBIX —apTepuil, HaJIW4uus OKUBOIIMCHOM MECTHOCTH C
pa3HoOOpa3HbIM penbedoM, 0CO00 OXpaHSEMbIX MPUPOAHBIX TEPPUTOPUN, MO KOTOPHIM
IPOXOJUT 3HA4MMas 4acTh BCEX MEIINX MapIpyTOB. KpyrioroguyuHblil OTABIX OpraHU30BaH B
CaHATOPHO-KYPOPTHBIX OpraHU3alUsaX, HAJIWYHE KOTOPbIX BO MHOIOM OOYCIIOBJIEHO
0aJTbHEOIOTMYECKUMH, TPSI3EBBIMU MU KIMMAaTHUYECKUMH PECYpCaMHu.
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PA3JIEJI IX. QJIEKTPOTEXHUKA

Bonpaps C.H., Makutpiok C.b.
YcrpoiicTBo AJ1s1 (OpMHUPOBAHUSA BHIOOPKH MTHOBEHHOI'0 3HAYEHHS HANPSIKEHUS

@I'FOY BIIO "Cmaspononsckuii 2ocyoapcmeerHblil azpaphulil ynueepcumem'"

(Poccus, Cmasponons)
doi: 10.18411/1j-08-2021-23

AHHOTAIUA

B cratee paccMaTpmBaeTCS CXEMHOE pEIICHHE ITOCTPOCHHUS YCTPOWCTBA IS
(¢opMupoBaHHsT BBHIOOPKM MTHOBEHHOTO 3HAYEHUS HANPSHKCHHUS C  YIYYIICHHBIMHU
rapamMeTpamu.

KiaroueBbie caoBa: Allll, nuHamuueckass HOTPENIHOCTb,  amepTypHOE BpeMs,
anepTypHas HEONPeACICHHOCTb.

Abstract

The article considers a schematic solution for constructing a device for forming a
sample of an instantaneous voltage value with improved parameters.

Keywords: ADC, dynamic error, aperture time, aperture uncertainty.

Amnanoro-mudpoBas 00paboTKa CUTHAJIOB MOJBEP>KEHHBIX M3MEHEHHIO BO BPEMEHU
ocyiecTBisiemass  mocpeactsoMm  yerpoiicts AL [1, 2], compoBoXmaeTcs —psaoM
JUHAMHYECKHUX MOTPEIIHOCTEH, XapaKTepU3yEeMBbIX MTOHATUSMH: aneprypHas
HEOIPEACIICHHOCTD; allePTYPHOE BPEMSI.

CHmwkeHHe, a TOpOM © TIONHOE YCTpaHEHHWE MpoOJeMbl  amepTypHOH
HEOMPEACIICHHOCTH, JIOCTIDKAMO TIPH JIOTIOJTHUTEIFHOM HCIOJIB30BaHUU 000PYIOBaHUS
[3+12] ocylecTBISIONIEro 3allOMUHAHME YPOBHS BXOAHOTO CHTHAja HAa WHTEpBAl BPEMEHU
JIOCTATOYHBIH [T OCYIIIECTBIICHUS aHAJIOTO-1IM(DPOBOIT 00pabOTKH aHATM3UpyeMoro oTcuera. Ha
pUCYHKe | MpencTaBIeHO CXEMHOE pellleHHe OJHOTO U3 BO3MOXKHBIX BaPHAHTOB MOCTPOCHUS
yCcTpoiicTBa s (hOpMHUPOBAHMSI BBIOOPKM MTHOBEHHOT'O 3HAYCHHWs HampspkeHus. JlaHHOe
CXEMHOE pelIecHUe, O0SCIeYMBaeT IOBBIMICHHYIO TOYHOCTH 3allOMHHAHHS MTIHOBEHHOTO
3HAYCHUS YPOBHS BXOJHOTO HANPSOKEHUS TPH OJHOBPEMEHHO HHU3KOM BBIXOJHBIM
COMPOTHUBIIEHUU YCTPOMCTBA, UYTO B CBOIO OYEpelIb, CIOCOOCTBYET O0OECIeUEHUIO
noBeIeHHON TouHOCTH Kak ALIII, Tak u cuctem cOopa nanubix [13+15] B memnom.

UpLix

12

9 11 s

Pucynox 1. Cxema ycmpoiicmea

CxeMHOE pelieHrne, PUCYHOK 1, TpeArnojaracT HaJIWM4he: HCTOYHHMKA BXOIHOTO
HanpspkeHust 1, omepammonHoro ycwmmrens (OY) 1, mepBoro kmrowa 3, pesucropa 4,
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3allOMUHAIOUIETO KOHIEHCAaTopa 5, BTOPOro Kitova 6, aHaJIoroBOro HHBEPTOpa 7, KoMraparopa
8, reneparopa TakToBbIX uMmynbcoB (I'TH) 9, normueckoro musepropa 10, hopmupoBaTemns
uMIysbcoB 11, Tpurrepa 12, Oydeproro nosropurens Ha OY 13.

[Mpuniun  GyHKIMOHMPOBAHUS ~ yCTpOWCTBa A (popMuUpOBaHHS  BBIOOPKH
MTHOBEHHOTO 3HAa4Y€HHsl HANpsOKEHUS pacCMOTPUM C OMNOpPOM Ha CXEMHOE pelleHUe
MPE/ICTaBICHHOE HA PUCYHKE 1.

[Ipu »osTOM cienyer ydecTb, 4YTO YIPaBICHHE YCTPOMCTBOM OCYLIECTBIISAETCS
UMITYJILCAMU TPSIMOYTOJILHOM GopMbI (pUCyHOK 2.a), BeipabaTeiBaeMbie ['TU 9.

B uyacTHOCTH, HadYaJbHBIH MOMEHT I-TOrO WHTEepBaja pabOThl YCTPOWCTBA,
COOTBETCTBYET MOMEHTY BPEMEHH [; (PUCYHOK 2).

Hanpsxenne ¢ Beixoga I'TH 9 nonBepraercss N3MEHEHUIO:
— BO-TIEPBBIX, HHBEPTUPYETCA JIOTUYECKUM HMHBepTopoM 10 M mocrymaer Ha
YIPAaBISAIOIMI BXOJ BTOPOro Kirda 6, HO Tak Kak B TEUEHUU HHTEpBaja

(ti —lig 5) o
BPEMEHU 27 3TO HANPSHKECHUE PABHO HYJIO (PUCYHOK 2.B) - BTOPOM
KJIOY 6 HAXOJUTCS B PA30MKHYTOM COCTOSIHUU;

—BO-BTOPBIX, TIOJIBEPraeTcsi W3MEHEHHUIO JUIMTEIBHOCTH, TIO CPEACTBOM
dbopmupoBarenss uMmIyiabcoB 11 (pucyHok 2.e) W mepeBoguT Tpurrep 12 B
«EIUHUYHOE» COCTOSHUE (PUCYHOK 2.71), o0ecrieuynBarolee nepeBo/i nepBoro

. t.
KJIF04Ya 3 B 3aKpPBITOE COCTOSIHUE C IPUBSI3KOM K MOMEHTY BPEMEHHU .

Ug

a)

tivq

ti+os

6)

o

B)

)

u12

a) !—l Ii
h

U1
e) ‘

Pucynox 2. Bpemennvie ouacpammol

HaprI)KCHI/IC OT HCTOYHHKa 1, sABJIOmEeeCsa 1Mo CyTHU, BXOIHBIM CHUTHAJIOM MBX

(pucynok 2.6) wuHTerpupyercs mo cpeactBoMm OV 2, pesucropa 4, 3alOMUHAIOLIETO
koHaeHcatopa 5. CorjmacHO anropuTMmy, Hadajgo HHTETPUPOBAHMS O3HAMEHOBBIBACTCS

MOMEHTOM BpeMeHU [;, a 3aBepmaerca B [, ,s. B oOmem ciayuae, UHTErpUpOBaHME

HaNPsHKEHHUs BXOJHOTO CUTHANIA U, OCYLIECTBISETCS COITacHO BhIpaxkeHuro (1)
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1 liv1

(uebzx )i = _ﬁ ) !(usx )i ~dt (1)

I[aHHOG BBIPAXKCHUC CHpPaBCIJIMBO B CUITY oOecrieyeHus MpeaABapuUTCIbHOTO
HNPUHYIUTEIHHOTO pa3psiia 3allIOMUHAIOIIET0 KOHJIEHCATOpa 5 BTOPBIM KIIIOUOM 6 110 KOMaH/ie
unBepropa 10 (pucyHok 2.B). BbIxogHoe HampsbkeHUE aHaJoroBoro uHBepTopa 7,
OCYUIECTBIISIOLIEr0 HHBEPCHUIO BBIXOJHOrO HanpspkeHus OV 2

Uy = "Ug s (2)
nocTynaer Ha MHBepTupyoowmuil Bxon OV BeimonHsmomero (GyHKuuM Kommaparopa 8, Ha
HEUHBEPTUPYIOUIUHI BXOJ KOTOPOIO IIOCTYNAET BXOJHOE HANPSKEHUE.

B ciyuae ‘uebm‘ <u,, xommaparop 8 mepexomut B cocrosuue « 0» (pucyHok 2.B) u
HE OKa3bIBaeT BJIMAHUE Ha cocTosiHue Tpurrepa 12. HauanbHbIE MOMEHT BpeMEHHU BBIOOPKHU

oo ‘ueblx‘:uBX (pucyHok 2.0) QukcupyeTcs KOMIaparopoM 8§ — MPOWCXOJUT CMEHa

cocrostuus BhixoaHoro Hampsokenus « (0 —1», obGecneunBaromas nepe6poc Tpurrepa 12 B
«0» (pucyHOK 2.71) ¥ OTKJIFOUEHHE TIEPBOTO KIIFOYa 3.

Takum o00pa3om, Mo cpeacTBOM HHTerpatopa Ha 6aze OY 2, xonaeHcaTtopom 5
OCYIIECTBIISICTCS 3allOMMHAHWE MTHOBEHHOTO 3HAYEHHS BXOJHOTO HANpPSDKEHUS B MOMEHT

BpeMeHu [

suiG » IIDM BDEMEHH XpaHeHust paBHOM untepBany (f,,os —1,.5) (PUCYyHOK 2.0).

B wunrepsane Bpemenu (¢ t; +0,5), 0 KOMaHJE JOormdeckoro uuHsepropa 10,

i+l
BTOPOH KJII0Y 6 3aMKHYT, OO€CIiedrBas TEM CaMbIM, pa3psl KOHACHCATOpa 5 U MOATOTOBKY K
MOCIEAYIOMEMY IUKITY pPabOThl YCTPOHCTBA, O3HAMEHOBAHHOM MOMEHTOM BpPEMEHH i

(pUCYHOK 2).
B cuny ucnons3oBaHus B cocTaBe ycTpoicTBa OydepHoro moroputens Ha OV 13,
JUI KOTOPOTO CIIpaBeIUBO ycioBue (3)

Rsx.EH >> (Rsx.AH ” RBX.H) ! (3)

rne R, gy Ry R BXOJHBIE CONPOTHUBIIEHHS, COOTBETCTBEHHO, Oy(hepHOro

6X.H
notopurens Ha OV 13, aHanoroBoro MHBEpTOpa 7, Harpy3KH YCTPONCTBa, 0OECTIeYUBACTCS
YCJIOBHE HE3aBUCUMOCTH peXuMma (YyHKIMOHUPOBAaHUsA HHTErpaTopa Ha 06aze OY 2 ot
BEJIMYMHBI BXOJHOTO COMPOTHUBIICEHHMS] HArpy3Kd YCTPOMCTBA, 4YTO B CBOIO OYepelb,
o0OecreyrBaeT IMOBBIIIEHHYI0 TOYHOCTH (OPMHUPOBAHUS BBHIOOPKM MIHOBEHHOTO 3HAYEHHS
BXOAHOI'O HAIIPSIKCHUS.

%k %k %k

1. [atear Ne 59914 Poccuiickas @eneparusa, MIIK HO3M1/34 (2006.01). CocraBHoit
OpICcTponeiicTByIOmMI aHamoro-IudpoBoii mpeodbpazoBarens: Ne 2006129976/22; 3asm. 18.08.2006;
omybn. 27.12.2006, 6ton. Ne 36 / Xoponbckuit B.S., Boumaps C.H., Bonmaps M.C.; 3asBuTEnb U
natenroobnanatens ®I'OY BIIO Craspomonsckuii [AY.

2. IMaterr Ne 59915 Poccuiickas @eneparms, MIIK HO03M1/60 (2006.01). Awnanoro-uudpoBoii
npeodpaszoBarenb: Ne 2006120991/22; 3assn. 13.06.2006; omy06:1. 27.12.2006, 6roa. Ne 36 / Xoposabckuii
B.S., Bougaps C.H., bonmaps M.C.; 3asButens u nmatenroobmagatens @I'OY BIIO CraBpomnoiabCKuii
T'AY.

3. JKaBoponkoBa, M.C. Pa3paboTka ObICTPOJCHCTBYIONIETO YCTPOWCTBA BEIOOPKU M XpaHEHHS OBBIIICHHOM
toynoctu / M.C. JKaBoponkosa, C.H. bonnaps // ArpapHas Hayka - ceBepo-KaBKa3cKoMy (enepalbHOMY
OKpyTy: ¢0. Hay4. Tp. [0 MaTepHaiaM 75 Hay4HO-TpakTHYecKol koHdepeHmu. - CtaBponosns: AIPYC,
2011. - C.224-228.

4, YKaBoponkoBa M.C. Pa3paboTka OBICTPOIESHCTBYIOMIEr0 yCTPOHCTBA BRIOOPKH M XPaHEHHS TOBBIIICHHON
tounoctd / M.C. JXaBoponkoBa, C.H. Bonmaps // MeTonsl W TEXHHYECKHE CPEICTBA MOBBIMICHUS
3 (HEeKTHBHOCTH UCTIOIB30BAaHMS HIEKTPOOOOPYIOBaHHUS B IPOMBIIUICHHOCTH H CEJICKOM XO3sHCTBe: 0.
Hayd. Tp. [10 MaTepuagaM 75 HayYHO-IIPAKTHYECKOH KOH(EPEHLS JIeKTPOIHEPreTHIECKOro (haKynpTeTa
CtI'AY. — Craspomnosis: ATPYC, 2011. - C. 100-104.



JIlendenyuu paseumus HayKy u obpasoeanis —111-

5. [Matent Ne 154070 Poccmiickas ®enmepanms, MIIK HO03K17/60 (2006.01). YcrpoiictBo BBIOOPKH H
xpanermst: Ne 2015111969/08; 3asen. 01.04.2015; omy6n. 10.08.2015, 6rom. Ne 22 / Bonmaps C.H.,
’KaBoponkoBa M.C.; 3asButens u narenToobmanarens ®I'BOY BIIO CraBpomonsckuii [AY.

6. ITatent Ne 157940 Poccwuiickas Penmeparusa, MIIK G11C27/02 (2006.01). YcTpolcTBO BBIOOPKH |
xpanenus Ne 2015117997/08; zassn. 13.05.2015; omy6n. 20.12.2015, 6ron. Ne 35 / Boumaps C.H.,
JKaoponkoBa M.C.; 3asBurens u narenroodnanarens @I'bOY BIIO CraBpononbckuii [AY.

7. [Marent Ne 154754 Poccmiickas ®enepanmsi, MIIK  G11C27/02 (2006.01). YcTpoiicTBO BBIOOPKH H
xpanenus: Ne 2015112070/08; 3asBn. 02.04.2015; omy6a. 10.09.2015, 6ron. Ne 25 / boumaps C.H.,
“KaBoponkoBa M.C.; 3asBurens u narenroodnanarens @I'bOY BIIO CraBpononbckuiit [AY.

8. IMarenr Ne 155713 Poccuiickas ®epepamus, MIIK G11C27/02 (2006.01). VYcrpoiictBo s
(opMupoBaHus BEIOOPKM MTHOBEHHOTO 3HaueHus1 HarpspkeHus:: Ne 2015106662/08; 3aasn. 26.02.2015;
omy6u. 20.10.2015, 6r01. Ne 29 / bonnaps C.H., )KaBoponkoBa M.C.; 3asBUTENb U MAaTEHTOOOIa1aTETb
®I'bOY BIIO Craspononsckuii 'AY.

9. [Matent Ne 155555 Poccwmiickas @enepanmst, MIIK G11C27/02 (2006.01). AnanmoroBoe 3amoMHHAOIICE
ycrpotictBo: Ne 2015106656/08; 3asBn. 26.02.2015; omy6x. 10.10.2015, 6ron. Ne 28 / bonmaps C.H.,
YKaBoponkoBa M.C.; 3asButens u narentoobranarens ®I'BOY BIIO Craspomonsckuii [AY.

10. IMarenr Ne 158706 Poccuiickas ®enepanusa, MIIK G11C27/02 (2006.01). VYcrpoiictBo s
(bopMupoBaHusl BEIOOPKH MTHOBEHHOTO 3Ha4yeHus HanpspkeHus: Ne2015106660/08; 3assn. 26.02.2015;
omy6s. 20.01.2016, 6ron. Ne 2 / Bougaps C.H., XKaBoponkosa M.C.; 3asBUTeNIb U MAaTEHTOOOIAaTENb
®I'BOY BIIO Craspononsckuii 'AY.

11.  Tlarent Ne 160951 Poccwmiickas deneparms, MIIK G11C27/02. H03K3/02, HO3L5/00, H03K9/00
(2006.01). VYctpoiictBo mias  GOPMHPOBAHUS BHIOOPKM MIHOBEHHOTO 3HAYCHHUS HANPSKCHUS:
Ne2015152009/08; 3asei. 03.12.2015; omy6m. 10.04.2016, oron. Ne 10 / bougaps C.H., XKaBoponkoBa
M.C.; 3asButens u mareHToobmanarens @I'bOY BIIO CraBpononbckmii [AY.

12.  Ilarent Ne 2356163 Poccniickas ®Penepammsa, MIIK H03M1/34 (2006.01). Cnocob dopMupoBaHus
a0CONIOTHOTO 3HAYCHUS CUTHAJNIA M YCTPOWCTBO Mg ero ocymectsieHus: Ne2007146956/09; zassi.
17.12.2007; omy6us. 20.05.2009, 6ron. Ne 14 / Bommapes M.C., bommaps C.H., Xopomsckuii B.A.;
3asBUTEND U nareHToobnanarens 'OY BIIO CBHUCPB.

13.  XaBoponkoa, M.C. [lepcriekTuBbI coBepieHCTBOBaHMs cucteM cOopa aanHbx / M.C. XKaBopoHkoBa,
C.H. bounaps // Texuuka u texnoziorus. - 2012. - Ne 3. - C. 30-31.

14.  Ghavoronkova, M.S. Ways of perfection of modern systems of data gathering / M.S. Ghavoronkova, S.N.
Bondar // European Journal of Natural History. - 2012. - Ne 2. — P.25.

15.  bonaaps, M.C. PazpaboTka n3MepUTENbHO-BBIYUCIUTEIBHOTO KOMIUIEKCa KOHTPOJISl YPOBHS HANPSKEHHS
C BO3MOXKHOCTBIO KOPPEKIMU IMOTPEIIHOCTEH BXOJSIIEro B ero coctaB IudposBoro BoabT™erpa / M.C
bonnaps, C.H. Bonnaps // Unpopmannonnsie cuctemsl U Texnonoruu. - 2009. - Ne5 (55).- C. 95-104.

Bonnaps C.H., Makutpiok C.Bb.
YcrpoiicTBO BHIOOPKHU M XPAHEHUS

@I'FOY BIIO "Cmaspononvckuii 2ocyoapcmeer bl azpaphulil yuueepcumem'"

(Poccus, Cmasponons)
doi: 10.18411/1j-08-2021-24

AHHOTAIUA

B crathe paccmaTpuBaeTCsi CXEMHOE pelIeHHWE ITOCTPOSHHUS YCTPOMCTBA IS
(¢hopMupoBaHusT BBHIOOPKM MTHOBEHHOTO 3HA4YEHHUS HANPSHKEHHUS C  YIYYIICHHBIMHU
rmapaMeTpamu.

KuaroueBbie caoBa: Allll, auHamuyeckas NOTPENIHOCTb,  alEpPTYpHOE BpeMs,
anepTypHas HEOMPEACICHHOCTb.

Abstract

The article considers a schematic solution for constructing a device for forming a
sample of an instantaneous voltage value with improved parameters.

Keywords: ADC, dynamic error, aperture time, aperture uncertainty.

Amnanoro-uudpossie npeodpazosarenu (AL [1, 2], ocymiecTBisiomue aHaIOro-
nmudpoBoe mpeoOpa3oBaHWE AHAJIOTOBBIX CHTHAJOB, OOJAQmalOT OJHUM W3 BHUJOB
TUHAMHUYECKON TIOTPElIHOCTH - amepTypHOW HeomnpeaeneHHOCThl0. CHIKEHUE KOTOPOi
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BO3MOXXKHO JIMIIb B cCiy4ae (PUKCAllMM YPOBHS BXOJHOTO aHAJONOBOTO CUTHAja B TEUEHHE
MHTEpBaJIa BPEMEHW HEOOXOAMMOM JUIsi TpOBeJCHHs IpeoOpazoBaHus ocymiectsisieMom AL
[3+12].

PaccmarpuBaemMoe CcXeMHOE peIIeHHe YCTPOHMCTBA BBHIOOPKM U XPaHEHUS,
NpPEJCTaBICHHOIO Ha pucyHke 1, o0nagaer pacHIMpeHHBIMH  (YHKIIMOHAJIbHBIMU
BO3MOXXHOCTSIMU — OOECIICUMBaeT 3allOMUHAHUE BBIOOPKH  JBYMOJSIPHOTO aHAJIOTOBOTO
CUTHaja, I[pUYEeM, HE3aBUCUMO OT BeJIWYMHBI BXojgHoro compotuBieHus ALl
BBICTYIIAIONIETO B KAa4eCTBE HArpy3Kd YCTPOHCTBA, a 3HAYUT, CHOCOOCTBYET PaCIIUPEHHIO
(GYHKIIMOHATBHBIX BO3MOXHOCTEH cucteM cOopa nmaHHbIX [13+15]. OOs3aTenbHON 4YacThbIO
KOTOPBIX U SIBJISIETCSI pacCMaTpUBAEMOE YCTPOMCTBO.

B cocraB yctpoiicTBa BXoIAT: KommnapaTop Ha 6a3e onepaunonHoro ycunutens (OVY)
1; OV 2; wmou 3; pesuctop 4; 3allOMUHAIOIIMIA KOHJEHCATOp S5; K04 6; OydepHbIi
noBroputenb Ha OY 7; koMmmaparop §8; reHeparop TakToBbIX umiyiabcoB (I'TH) 9;
noruyeckuii uaBeprop 10; dhopmupoBarens umiynscoB 11; tpurrep 12; kommapatop 13;
norndeckas sdeiika 3UM 14; normdueckas suerika 31 15; nmormdeckas sueiika 2WUJIN 16;
noruyeckuit uuseprop 17.

9 10
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Pucynox 1. Cxema ycmpoiicmea

Anroput™M (QYHKIHOHHPOBAHUS PAacCMaTPUBAEMOIO CXEMHOIO PEIIEHUs yCTpPOMCTBa
BBIOOPKHM U XpaHEHUs MOSICHSETCS C MOMOIIBI0 BPEMEHHBIX JIHarpamMM IpECTaBIECHHBIX Ha
PHUCYHKE 2.

Hemocpencreennoe ympaBieHue paboToit ycTpoiictBa ocymectBisercs [T 9
BBIPa0aTHIBAIOIIETO IPSIMOYTOJIbHBIE UMITYJIbCHI (PUCYHOK 2.2).

B cnydae i-rero wuHTepBaja pabOThI yCTPOWCTBA, O3HAMEHOBAHHOTO MOMEHTOM
BpeMeHH tj (pUCYHOK 2), HanpspbkeHue ¢ Beixona ['TU 9, mocTymaer mo TpeM BETBSIM:

1) noruueckuii uuBeprop 10, BXOH ympaBieHHs KiIoya 6 - B CIEACTBUE
WHBEPTUPOBAHM, HANpPsSHKEHHE C BbIXOAAa JIoTMYeckoro uHBepropa 10 B
TeUeHWU uHTepBaia BpeMeHu ti-liyos (pucyHOK 2.€) oOecrneyuBaer
HaX0X/IeHHE KJTto4ya 6 B pa30MKHYTOM COCTOSIHUU;

2) TpeThM BXOIbI Jormyeckux sueek 3M 14, 15 — ycraHaBimBaercs
«EeIMHUYHBINY YPOBEHb BXOHOTO HAIPSKEHUS;

3) dbopmupoBarenb uMiyiascoB 11, Bxoa «S» Tpurrepa 12 - curHan ¢ BXoja
dbopmupoBarenss uMiysabcoB 11 (pucyHok 2.1), ycTaHaBauBaeT Tpurrep 12 B
«EIMHUYHOE» COCTOsIHUE (PUCYHOK 2.)K), 0OecreunBaroiiee nepeBo1 Kirova 3
B 3aMKHYTO€ COCTOSIHUE.
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Pucynox 2. Bpemennvie ouazpammol

Kommnaparop na 6aze OY 1 ocymecTBisger (popMUPOBaHHE BBIXOAHOTrO curhana U,
HOJIAPHOCTH KOTOPOTrO NPOTHUBOIONOKHA MOIApHOCTH curHana U, (pucyHok 2.0) ¢ yderom
!

YCIIOBUS: ‘ul ‘ >> ‘u

BoixogHoe HampspkeHue kommaparopa Ha 0aze OY 1 mocrynaromiee Ha BXOJ
uHTerparopa oopazopanHoro OY 2, pe3uctopoM 4 M 3alOMHHAIONIUM KOHIEHCATOPOM 3,
MOJIBEPraeTcsi MHTETPUPOBAHUIO COTIIACHO BhIpaXkeHUo (1)

= R C : J.(uex)i dt (1)

(u,) |

B cuny ucnionb3oBanust 6ydeproro nmopropurens Ha OY 7, ero BEIXOIHOE HATIPSIKCHHE
U, (pucyHok 2.B) coorBercTByeT U,, Ipu OJHOBpEMEHHOW TpaHcaanuu U, Ha BBEIXOA

1 tivo,5

YCTpOHCTBA: U, =U; =U,.
Tak kak MMeeT MeCTO MpeABapUTeIbHAsI UHBEPCUS, OCYLIECTBIIIEMas KOMIIApaTopoM

Ha Oaze OV 1, a Taxxke ycioBue ‘”1‘ >> ‘ugx , BbIXoAHOe HampspbkeHue OV 2 m3MeHsercs

nuHelHo, nmpuyeM ¢ (asoii cooTBeTcTBYOMIEH (ase BXogHoro curnana U, (pucyHok 2.8). B
pe3yibTaTe mapajuiebHO - BCTPEUHOTO MOAKIIOUEHUSI KOMIApaTopoB 8 M 13, WX BBIXOIHBIC
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curHansl nporuBodasHel. B moment 1, (pucyHOk 2.B) OyneT HMETh MECTO COOTHOIICHHE

Uy =Ugy(1~,, ;)> OAHAKO, C YUCTOM KOHEUHOTO BPEMCHHU cpabaThIBaHUs 1IETIH YIIPABICHHS

KIIFOYOM 3, Cl)aKTI/I‘leCKI/I HMECT MECTO YCJIIOBHC: ‘u7‘ > ‘uax(t:t , Ha BBIXOJIC KOMIIapaTOpOB

3516)
8 (mpu u, >0) wu 13 (upu u, <0) Oyayr HeHyneBble YPOBHM HANPSIKCHUS
oOecnieunBaronue nepenaja HanpsbkeHus «0-1» Ha Bbixoae jorumdeckoit sueiiku 3U 14 (npu
u,. >0), normueckoii staeiiku 3U 15 (npu u,, <0), nornueckoit sueiikn 2WUJIN 16 u

MOCJIEIYIOIEee EPEKITI0UEHUE TpUITepa 12 B COCTOSIHUE JIOTHUECKOTO «HYJIS» (PUCYHOK 2.XK),
YTO NPUBOJUT K OTKIIOYEHUIO KiIro4a 3.
B pesynbTare 3T0Or0, KOHAEHCATOPOM 5 OCYLIECTBISETCS 3allOMUHAHUE HANPSKEHUS

paBHOTO MI'HOBCHHOMY 3HAUYCHUIO BXOIAHOI'O HAIIPSDKCHUA HAa MOMCHT BpPCMCHU t6b16'

XpaHeHue HaNpPsHKEHUS] BBIOOPKU OCYIIECTBIISICTCS] B TeUCHUE UHTEpBasia BpeMEHU (ti+0 5-taue)
(pucyHOK 2.B).

B unrepBan Bpemen (lis1-tizo5) KJIF0Y 6 3aMKHYT [0 KOMaH/I€ JIOTHYECKOTO HHBEPTOpa
10, xoHmeHncatop S5 paspsokaercsa. Hawano criepyromero nukia HAacTynmaeT B MOMEHT
ti+1 (pucyHOK 2).

Tak kak, B paccMaTpUBacéMOM TEXHHYECKOM pEIIEHUH, B KAauecTBE HArpy3Ku
UHTEerpaTopa BbICTymaeT OydepHbiii moBToputens Ha OY 7, xapakrepu3yeMmblil OONbIINM
BXOJIHBIM COIIPOTHBJICHHEM, (DOPMUPOBAaHUE BHIOOPKH MTHOBEHHOTO 3HAYEHUS HATPSKCHUS
HE 3aBUCHUT OT BEJIMYUHBI BXOAHOTrOo comportuBieHus AL, BbicTymaromero B KauecTBe
Harpy3Ku yCTPOMCTBA.
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AHHOTAIUSA

B cratbe  paccMaTpuBaIOTCS ~ NPUHLIMIIBI  paOOThl  aHAIOro-IM(POBBIX
npeoOpa3oBaTeleil, ONUCHIBAIOTCA UX OCHOBHBIE XapaKTEPUCTHKH.

KiroueBble cioBa: aHanmoro-mu@posble NpeodpazoBaTend, LUGPOBbIE CHCTEMBI,
UG pOBbIE CUTHAJIBI, Pa3pelleHue, YaCTOTa AUCKPETU3ALMH, AaHAIIOTOBBIE CUTHAJIBI.

Abstract

The article discusses the principles of operation of analog-to-digital converters,
describes their main characteristics.

Keywords: analog-to-digital converters, digital systems, digital signals, resolution,
sampling rate, analog signals.

Amnanoro-uudpossie npeodpazoparenu (ALII) [1, 2] saBasroTcs BaKHOH YacThIO
paboTel ¢ UpPOBBIMU crcTeMaMu [3+5], KOTOpble B3aUMOJIEHCTBYIOT C CUTHAJIAMU B PEXKUME
peanbHoro BpemeHHu. [lockonbky IT-chepa moctarouno ObIcTpo pa3BHUBaeTCs Ul
NPUMEHEHHUS B TOBCEIHEBHOMN KHU3HU, ITH IIU(PPOBbIE CUCTEMBI TOJKHBI CYUUTHIBATH CUTHAJIBI
peaTbHOro BpEeMEHH, YTOObI TOYHO HPEOCTAaBIISATH JKU3HEHHO BaKHYIO MH(popMarmio. Mbl
paccMoTpuM TO, Kak padotatotr ALII, u Teopuro, Texkanryro B ©X OCHOBE.

Ipunyun pabomvr ALI1

AHaJ0roBbl€ CUTHAJIBI - 3TO CUTHAJIbI, UMEIOIINE HETIPEPHIBHYIO MOCIIEI0BATEILHOCTD
C  HENpepbhIBHBIMU  3HaueHUsMH.  LludpoBble  CUTHAJIBI  MPEACTABIAIOT  COOOH
[OCJIEIOBATENBHOCTh  JUCKPETHBIX 3HAYEHWH, B KOTOPBIX CHUTHal pasleleH Ha
MOCJIE0BATEIBHOCTH, B CBOK OYEPEIb 3aBUCAIIME OT BPEMEHHBIX PSIOB WM YaCTOTHI
nuckpernzanuu. OHUM U3 CaMBIX MPOCTHIX M MOHATHBIX CIIOCOOOB 00BsICHUTH padoty AL
sBIsieTcs Buiyanuzanus. Ha pucynke 1 mpencraBieH NmpuMep aHAJIOTOBBIX U ITH(PPOBBIX
CUTHAJIOB.
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Pucynox 1. Cxema ananoco-yugpposoco cuenana

I[Ipu pabdore ALl crenyroT ONpeACTICHHOMY QJITOPUTMy TpeoOpa3zoBaHUsA
aHAJIOTOBBIX CHUTHAJIOB B Lu(poBble. B mepByr ouepeabr OHM BBIOMpAIOT CHUTHAI,
MOCPEJICTBOM YCTPOMCTBA BBIOOPKH M XpaHEeHHs [6+15], mocie u3MepsroT ero KoJIU4YecTBO,
4yTOOBI ONMpEAETUTh Pa3pelleHUe CUTHaja, U 3aTeM YCTaHABIMBAIOT JBOMYHBIC 3HAUCHUS U
OTIIPABISIOT WX B CHUCTEMY ISl CUMTHIBAHHA IU(PPOBOrO CHrHaja. BaXHBIMH acmeKTamu
AL siBisiroTCS 4acTOTa TUCKPETU3ALUH U pa3pelleHHe.

Yacmoma ouckpemuzayuu

Yacrora mauckperuszauuu ALl ywame Bcero ceszana co ckopoctero ALIL. Yacrora
orbopa mpolb J0KHA U3MEPATHCS C UCHOJIb30BaHUEM "Mpod B cekyHay'". To ecThb, CKOIBKO
00pa3IoB WM TOYEK JaHHBIX TpeOyeTcs B ceKyHay. st 00paboTku 6osee BHICOKUX YacToT,
AIIT HeoO6x0AMMO TOTydaTh KaK MOKHO OOJIbIIIE BRIOOPOK. UeM OoJibilie BEIOOPOK MOTydaeT
AIIII, Tem Gosiee BBICOKHE YaCTOTHI OH MOXKET 00pa0aThIBATh.

OnHUM W3 BaXHBIX ypaBHEHHMH, OT KOTOPOTO 3aBHUCHT YacTOTa JAMCKPETH3AllWH,

ABJIAETCSL:
f,=1T

rIe fs — YacToTa IUCKPETHU3AIUH,

T — nepuon BEIGOPKH.

Ecnu wacroTta nmuckperusaiuy HU3Kasl, a yacToTa curHasia Beicokas, LIAIl ne cmoxer
BOCCTAHOBUTh HMCXOJHBIM aHAJOTOBBIM CHUTHAJ, YTO MPUBEIET K CUHUTHIBAHHIO CHCTEMOMU
HEBEpHBIX JaHHBIX. [[puMep criaxuBaHus MOKa3aH HA PUCYHKE 2.

u(t) |/\
A /\ AHATOTOBBIH CHIHAI

ITudposoii curean

Pucynox 2. [lpumep cenasxcusanus

Paspewenue ALIT

Pazpemennie ALIIT B 6GonpmmHCTBE citydaeB cBa3aHo ¢ TouHocThio ALIIL. Paspernenne
AIIIT MmosxeT onpeaensiThCcs ero pa3psaHocThI0. [IpuMep Toro, kak 3T0 momMoraeT UG pPoOBOMY
CHUTHAITy BBIBOJIUTH O0Jiee TOUHBIN CUTHAJ, TOKa3aH Ha PUCYHKeE 3.
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Pucynok 3. Brusinue paspewienus Ha yughposoul cueHa

Jly1g moy4eHusi TOYHOTO YPOBHS HAIPSHKEHUS, KOTOPbIM OyJeT CUMTHIBATHCA Ballei
CUCTEMOH, BaXKHO 3HATh paspelieHue B Ourtax. PasperncHue 3aBUCHT HE TOIBKO OT JTMHBI
O0uTa, HO U OT ONOPHOTO HANPSKEHUS. DTU ypaBHEHHUS MOMOTYT BaM OINpEAeNUTh ollee
paspelieHre CurHana, KOTOPbIi Bbl IBITAETECh BBECTU, B TEPMUHAX HANPSIKCHHUS:

A= URef / N
rae A — paspelneHue Kaxaoro ypoBHs ¢ TOUKH 3pCHHUsI HAIPSDKCHHS,
U, — OHOpHOE HaNpsDKEHHE (AMAMa30H HAPSHKCHNUN),

N — uucno yposueii kBanrosanus ALIIL.
Urto6s! HaiiTH N, Ucionb3yeM ypaBHEHHE:
N=2"
rae N - 9ucio Our.

Hampumep, mpenmnoyiioxkuM, 4To HEOOXOAMMO CUUTHIBATH CHHYCOHJIATBHBIA CUTHAI C
nuanaszonoM Hanpspkenuit 5 B. Ilpu pasmepnoctu ALl B 12 6ut, Oyner 4096 ypoBHel
KBaHTOBaHUS, a pa3Mep mara Oyaer coctaBisaTh okoio 0,00122 B (wmu 1,22 MB).

Ecnu 661 AT umen pa3psaHoCTh, CKaxeM, Bcero 2 OuTa, TO TOYHOCTh CHU3UIIACH OBl
1o 1,25 B, 4T0o ouYeHb IJI0XO, TAaK KaK OH CMOXET OINPEICIUTh TOJIbKO CUCTEMY U3 YEThIPEX
ypoBHe# Hanpspkenus (0 B, 1,25 B, 2,5 B, 3,75 Bu 5 B).

B Tabmuume 1 mokasana o0mas mMHAa OHT, COOTBETCTBYIOUIME WM YPOBHHU
KBaHTOBaHUS U pa3MEpPHOCTS II1ara B CiIy4ae ONOPHOTro HampsbkeHus 5 B.

Tabnuya 1
,ZZMHCZ 6um, coomeemcemeayrowyue um ypoeHu K6AHnoOBAHUA U pA3MEPHOCNb Uiazca
buroBas qymHa YpoBHH Pa3mep mara (nmuanazon 5B)
8-6ut 256 19.53 MB
10-6ur 1024 4.88 MB
12-6ur 4096 1.22 MB
16-6ut 65536 76.29 mxB
18-6ur 262144 19.07 mxB
20-6ur 1048576 4.76 mxB
24-6ur 16777216 0.298 mxB
* % %
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AHHOTALUSA

B crathe paccmaTpuBalOTCS CyMMHPYIOUIHE YCHIIMTENH, UX KOH(QUTYpaluH, THUIIbI
CYMMHPYIOIIUX YCUINTENeH (MHBEPTUPYIOIIME W HEWHBEPTUPYIOIIME) U CIOCOOBI HUX
MIPUMEHEHHS.

KuroueBbie c¢ji0Ba: CyMMUPYIOHIMI yCHINTENb, UHBEPTUPYIOIIUNA CYMMUPYIOIINNA
YCUJIUTENIb, HEWHBEPTUPYIOUIUN CYMMUPYIOIIMH  YCHIUTEIh, IU(PO-aHAIOTOBBIN
npeoOpas3oBarenb, CyMMaTop.

Abstract

The article discusses summing amplifiers, their configurations, types of summing
amplifiers (inverting and non-inverting) and methods of their application.

Keywords: summing amplifier, inverting summing amplifier, non-inverting summing
amplifier, digital-to-analog converter, adder.
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OnHuM W3 BaXHBIX PUMEHEHHUH  ONEPALMOHHOIO  YCHUJIUTENS  SBJISAETCA
CYMMUpPYIOIIMHA YCHUIIUTENb, TAaK)K€ M3BECTHBIM Kak cymmarop. Kak cienyer w3 HasBaHus,
CYMMHPYIOIIMHA YCUJIUTENb - 3TO cXeéMa Ha 0a3e ONepaliOHHOTO YCWJIMTENS, B KOTOPOM
N00aBIISIOTCS. HECKOJIBKO BXOAHBIX CUTHAJIOB C Pa3HBIMHU HANIPSKCHUSIMU.

O6macTh TpPUMEHEHHUS CYMMUPYIOIIMX YCHJIMTENICH KpaiiHe 1mmpokas. I[Ipuuem
CYMMHUPYIOIINE YCUIUTEIN MOTYT UCIIOJIb30BAThCS KAaK B BUJ/I€ 3aKOHUYEHHBIX YCTPONCTB, TaK
U, TIPEXK/JE BCEro, B KAU€CTBE 3JIEMEHTOB AJIEKTPOHHBIX CXEM B COCTaBE YCTPOMCTB aHAJIOTO-
udpoBoro mpeodpasosanus [1, 2], ycTpoiicTB BeiOOpkH U xpaHeHus [3+12], cuctem coopa
naHHbIxX [13+15].

Hneepmupyrowuii cymmupyrowuii ycuiumens:

Haubonee yacto ucmonb3yeMblil CyMMHPYIOIMIMM YCUIUTENb MNPEACTaBIsEeT cOOOH
paciupeHHbI BapHaHT HHBEPTUPYIOLIETO YCUIIUTENS KOHPUTYpAIMK T.€. HECKOJIBKO BXOJIOB
MOJAIOTCA HA HWHBEPTUPYIOUIMH BXOJ ONEPAlMOHHOIO YCHUJIUTENsS, BTO BpeMs Kak
HEMHBEPTHUPYIOLINI BXOJHOW BBIBOJ MOJKIIOYEH K 3emiie. M3-3a Takoil KOoH(HTrypamuu
BBIXOJI CXEMBI CyMMATOpa HalpsKeHHs cABUHYT 110 (ase Ha 180 ° oTHOCHTENBHO BXOA.

OO01masi KOHCTPYKIIMS CYMMHPYIOIIETO yCHIIMTENS IMOKa3aHa Ha pucyHke 1. Cxema
HOPMAJIBHOTO HWHBEPTUPYIOIIETO YCHUJIUTENss HMEET TOJIbKO OJHO HaIlpsDKeHUE/BXOJl Ha
BXOJIHOM MHBEPTUPYIOLIEH KiieMMe. Eciu K MHBEpTHUPYIOLIEN BXOAHOW KIIEMME ITOAKIIOYEHO
0oJIbIlIe BXOAHBIX HANPSHKEHUHM, KaK MOKa3aHO, Pe3yIbTHPYIOIIMNA BBIXOIHOW CUTHAi OyJeT
CYMMOM BCe€X MPHJIOKEHHBIX BXOJIHBIX HANPSKEHUI, HO UHBEPTUPOBAHHBIX.

Usxl RBx1

O —
Upx 2 RBx2 Roc
) — —

UBx 3 EBx 3
o — - UBEIX

| S|

Pucynok 1. Cxema ungepmupyroweco cymmupyowe2o yCunumens

[Ipexxie ueM aHanM3UPOBATh MPUBEACHHYIO BBILIE CXEMY, AaBaiiTe 00CyaUM Ba)KHBIN
MOMEHT B 9TOM HACTpPOMKE: KOHIICOLIIO BUPTYaJIbHOU 3emiu. [Tockonbky
HEUHBEPTUPYIOIIUM BXOJ BBIINIEYKAa3aHHOM CXEMbl TMOJKJIIOYEH K 3emile, KiIeMma
MHBEPTUPYIOLIETO BXOJa ONEPALMOHHOIO YCHIIUTENS HAXOAUTCS HAa BUPTyalbHOM 3emiie. B
pe3ysibTaTe€ HWHBEPTUPYIOIIUA BXOJHOM y3€d CTAHOBUTCA HJACAIBHBIM  Y3JIOM A
CYMMMPOBaHUS BXOJIHBIX TOKOB.

[IpuniunuaneHass cxXxemMa CYMMHUPYIOHNIETO YCWJIMTENIS T[OKa3aHa Ha pPHUCYHKE
BbIIIE. BMECTO MCMOIB30BaHKs OJHOTO BXOJHOI'O PE3UCTOPA BCE BXOAHBIE HCTOYHUKH UMEIOT
COOCTBEHHBIEC BXOIHBIC YITPABJISIONINE PE3UCTOPHI. Takasi cxeMa yCHUIMBAET KaXKIbI BXOTHOM
curnain. Kosddumment ycunenus Ui KaxI0ro BXoJia ONpeAeNsieTcs] OTHOIICHUEM Pe3UCTopa
00paTHO# CBsI3U R, K BXOJHOMY CONMPOTHUBIICHUIO B COOTBETCTBYIOIICH BETBH.

Heunsepmupyrowuii cymmupyrowuil ycuiumeins.

HeunBeptupyromuii CyMMHUPYIOIIUNA YCHIUTETh TAKKE MOKET ObITh CKOHCTPYHUPOBAH
C HCIOJIb30BaHHEM KOH(UTYpAIITN HEMHBEPTUPYIOLIETO OMNEPANMOHHOTO YCHIUTENS. 3/1eCh
BXOJHBIE HANpSKCHUS TMPUKIAABIBAIOTCS K HEUMHBEPTUPYIOMIEH BXOAHOM  KIEMMeE
ONEPALlMOHHOI0 YCUJIUTENA, @ YaCTh BBIXOJA BO3BPAIIAETCS HA MHBEPTHUPYIOLIYI) BXOJIHYIO
KJIEMMY 4epe3 00paTHYIO CBSI3b CMEIICHUS JACIIUTEIS HAMTPSHKEHUSI.


https://www.electronicshub.org/inverting-operational-amplifiers/
https://www.electronicshub.org/non-inverting-operational-amplifiers/
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Cxema HEMHBEPTUPYIOIIETO CYMMUPYIOIIETO YCUIIUTENS MIOKa3aHa Ha pucyHke 2. s
YIIOGCTBa JaHHagd CX€Ma COCTOUT TOJIBKO M3 TPCX BXOAOB, HO MOXKHO ,Z[O6aBI/ITI: H Apyrue
BXO/IBI.

Usxl RBx1

O 1

Usx2 EBx2

! —1 + UBEIX
S
UsBx 3 EBx3 -
o} — Roc

Ru

Pucynok 2. Cxema Heungepmupyiowje2o cymmupyowje2o ycunumers

IIpexne Bcero, naxe HECMOTPS. Ha TO, YTO 3TO TAKKE CYMMUPYIOIIMN YCHUIMTENb,
BBIUMCJIEHUS] HE TaK IIPOCThI, KAK MHBEPTUPYIOLIUI CYMMUPYIOIUN YCUIUTEND, [IOTOMY 4TO
HET MPEeUMYIECTBa BUPTYAJIbHOIO y3j71a CyMMHPOBAHHS 3a3€MJICHUS B HEHHBEPTUPYIOIIEM
CYMMMUPYIOIIEM yCUIIUTEIIE.

Ludghpo-ananozoswiii npeobpaszosamens (L{AII):

Hudpo-ananoroseiii mnpeodpazoBatens (LIAII) mpeoOpasyeT IBOWYHBIE JaHHBIE,
[oJJaBaéMble Ha €ro BXOJ, B JKBUBAJICHTHOE AaHAJOrOBOE 3HAuU€HHE HampsokeHus. B
IPUIOKEHUAX MPOMBILUIEHHOTO YIIPaBJIECHHUS B pPEaIbHOM BPEMEHHM 4YacTO MCIIOJIb3YHOTCS
MHUKPOKOMIIBIOTEPBI. DT MMKPOKOMIIBIOTEPHI  BBIBOAAT LHU(POBBIE JaHHbBIE, KOTOpHIE
HEoO0X0IMMO TpeoOpa3oBaTh B aHAJOTOBOE HAMPSOKEHUE JUIS YIPABICHHS JBUTATEISIMHU,
pesie, NCIIOTHUTEbHBIMA MEXaHU3MaMHU U T. 1.

B mpocreitmeit cxeme 1HQpo-aHAIOTOBOTO  MpeoOpa3oBaTeNs HCIOIb3yeTCs
CYMMUDYIOIIMN YCHWINTENb W IIeNb B3BEIIECHHBIX PE3UCTOPOB. TunMuyHas 4-OuWTHas cxema
HAII c cyMMupyOImuM yCUIIUTENIEM TOKa3aHa Ha pUCYHKE HUXKE.

R
E
Qp o —
2R
Qc o -
Qs o g
Wt
Qao —

Pucynok 3. Ilpocmeiiwas cxema yugpo-ananozo8o2o npeobpazosameis

BxomamMu B MOKa3aHHBIN BBIINIE CYMMHPYIONIUNA YCHUJIHTENb SBISIIOTCS JIBOWYHBIC
nmaHable Qa, Qp, Qcu Qp, KOTOpEIE OOBIYHO COCTABIAIOT 5 B miis mpepcraBieHUs
norunyeckoi 1 u 0 B s npencrasnenust moruueckoro 0.

Ecnu BXonHbIE pe3ucTOpbl B Ka)XJOM BETBH BbIOpaHbl TaKUM 00pa3oM, YTOOBI
3HAUEHHUE KaXKJIOTO BXOJHOTO PE3HCTOpa OBLIO BIABOE OOMBINE, YeM 3HAYEHUE PE3UCTOpa B
IpeIbIIyIIel BXOHOW BETBH, TO IIU(PPOBOE JIOTHUECKOE HAMPSHKEHUE HAa BXOA€ OyIeT JaBaTh
BBIXO/I, KOTOPBIN MPEICTaBIsAET COOOH B3BEIICHHYIO CYMMY BXOJHBIX 3HAUCHUH.
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TouyHocTh TakoW cxeMbl IU(PO-aHATIOTOBOrO MpeodpazoBaTeisi OrpaHUYeHa
TOYHOCTBIO HCIIOJIb3YCMbBIX HOMHUHAJIOB PC3UCTOPOB U Bapnaunﬁ B IMPCACTABJIICHUU
JIOTUYECKUX YPOBHEM.
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PA3JIEJI X. MAHIMHOCTPOEHHUE

Xabi60B A.A., Ka6anaun FO.I'., AnocoB M.C., Illatarun /I.A., Pados /[.A.
OneHKa MOBPEKIEHHOCTH MeTaJlIa ¢ MCIOJIb30BaAHHEM HePa3pylIaomero KOHTPOJIs 1
MO/IX0/I0B MCKYCCTBEHHOT 0 HHTEJLJIEKTA

Huoicecopoockuti cocyoapcmeennbiii mexuuueckuti ynusepcumem um. P.E. Anexceesa

(Poccust, Huorcnuti Hos2opoo)
doi: 10.18411/1j-08-2021-27

AHHOTALUSA

B craTbe mpeacTaBieHsl UCCIeI0BaHKS HAaIIPaBJIEHHbIE HA pa3paboTKy HOBOI'O METO/a
HEpa3pyILIAOUIEr0 KOHTPOJS C  MCIOJb30BAaHMEM HEUPOHHBIX CE€T€M H  JAHHBIX
Hepa3pyLIaoLero KOHTposisd. belia nposeaeHa npoueaypa kiaccuukanuy U KiacTepusalun
UMITYJIbCOB CUTHAJIOB yibTpa3Byka (¥Y3) u akyctuueckor smuccun (AD). Knaccudpukamus u
KJIACTEPU3ALAs CUTHAJIOB MPOM3BOAMIIACH HA CTATUCTUYECKUX JAHHBIX, ITOJYYEHHBIX B XOJ€
HKCIIEPUMEHTAIBHBIX MCCIEIOBAaHUN CTalM pa3HbIX Mapok. [1o pa3zpaboTaHHBIM HEHPOHHBIM
CEeTAM NPOBOJMIACH OLICHKA MOBPEKICHHOCTH MaTepHalla U3einsi Ha OCHOBE JAHHBIX AD U
V3 KOHTPOJIS B IPOLIECCE UCIIBITAHUM.

KiroueBbie ci10Ba: MOBPEXKIEHHOCTh, HEPA3pyIUAOMUNA KOHTPOJIb, MEXAHUYECKUE
UCIIBITaHUS, aKyCTUYECKasl SMUCCHS, YIbTPAa3ByKOBON KOHTPOJIb.

Abstract

The article presents research aimed at developing a new method of non-destructive
testing using neural networks and non-destructive testing data. The procedure of classification
and clustering of pulses of ultrasound (US) and acoustic emission (AE) signals was carried
out. The classification and clustering of signals was carried out on statistical data obtained in
the course of experimental studies of steel of different grades. The developed neural networks
were used to assess the damage to the product material based on AE and US control data
during testing.

Keywords: damage, non-destructive testing, mechanical testing, acoustic emission,
ultrasonic testing.

Jlis moBBIIEHUST HAJEKHOCTH (DYHKIMOHUPOBAHUS PA3TUYHBIX JAeTalell U y3J0B
MEXAaHU3MOB M KOHCTPYKLUH, B 0COOEHHOCTH IPHU MOHMKEHHBIX TeMIIepaTypax, Heo0xoauma
MOCTOSTHHAsT OILIGHKa COCTOAHMA uX wMarepuana. K uyucny Haubonee 3¢hGEKTUBHBIX
MHCTPYMEHTOB OLIEHKM COCTOSIHUSI MaTepuaja U €ro MOBPEXIACHHOCTH, OTHOCSTCS
HEPa3pyIIAOIINEe METOJIbl KOHTPOJISL. K uucny nHaunboniee mNEpCIEKTHBHBIX METOOB
KOHTPOJISI CTPYKTYPHOTO COCTOSIHUSI MaTepHuajla Ha CTaJusiX JKCIUTyaTallMu A0 TOSBICHUS
TpeuMH OoTHocATca Metoanl Y3 um AD [1,2]. OgHuM U3 pelleHui, HampaBICHHBIX Ha
NOBBILIEHHE O0OBEKTUBHOCTH OLIEHKHM COCTOSIHUSI MaTepuaja, MOKET MOCIYKUTh IPUMEHEHUE
COBPEMEHHBIX CPEACTB MAIIMHHOTO OOyYeHHMs, MO3BOJSIOUINE MPOBOAWTH €€ OIEHKY Ha
OCHOBE 00pabOTKH OOJIBIIOTO KOJIWYECTBA PA3HOPOIHONW HHPOPMALINH.

DKcrepuMeHTAlIbHbIE o0pa3sisl UCTIBITHIBAIIUCH Ha pacTsbKeHue u
YOPYTOIUIACTUYECKOE LUKINYECKOe Ne(OpMUPOBAHUE IMPHU pa3IUMYHbIX TeMieparypax. s
pETUCTpPAllMM  CHUTHAJIOB AD  HCIOJIB30BANICA  MMPOKOMOiocHbIM  matuuk  GT350,
yCTaHOBIICHHBII Ha oOpasme. [l perucrtpanyu yiabTPa3BYKOBBIX BOJH HCIIOJIB30BANICS
aKyCTUYECKHH KOMILIEKC «AcTpon» ¢ Habopom matumkoB Y3 [3]. HomuHampHas yacToTa
natyukoB 5 MIn. B kayecTBe KOHTAKTHOW JKHUJIKOCTM IPUMEHSIM TJIMLEPUH, YPOBEHB
BA3KOCTH KOTOPOTO MU MOHMKEHHBIX TEMIEpaTypax COXpPaHsAET CBOI PabOTOCHOCOOHOCTE.
Curnanel ¢ parynkoB noctymnatorT Ha AL (pupmer National Instruments momenu 4431 u
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6356 u np.), mocae uyero Ha IIK (HP ProBook 450 G6) ¢ paspaborannbim I10, rme
IPOMCXOIUT X 00paboTKa. 3amuch MapaMeTpoB CUTHAIOB OCYLIECTBISIACH C MapaIeIbHON
peructpanueit nepopmManuii U HarpsHKEHUH B 00pasiie.

B pabore mnpexacraBieHa METOIMKAa OLEHKM TOBPEXACHHOCTH MaTepuana mpu
UCIIBITAaHUSAX Ha pacTsokeHue. Ha puc. 1 mpeacraBieH 3KCHEpUMEHTANBHBIM CTEHZ IS
NPOBEICHUS WCHBITAHWNA Ha PACTSHKEHUE ¢ peructpauueit curnanoB AD u Y3. OOpasisl
n3rotaBiauBaauchk ¢ yuetoMm tpedoBanuii ['OCT, ocobeHHOCTEH 3aKUMOB U HEOOXOIUMOCTH
YCTaHOBKH JaTuuka AD.

Cmepxens bepxaud — /—=————\—  axum ucnsmame/sHod
| yemarobru (Henodbuxeli)
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Puc. 1 Cmeno ons ucnetmanuii Ha pacmsdicenue ¢ pecucmpayueii A9 u V3

Jis  TpoBeACHHWS ~ ONEHKH  TIOBPEXJICHHOCTH  MeTalla  KOHCTPYKIIUU B
KOHTPOJIMPYEMOH 30HE ycTaHaBiuBaeTcs Habop gatunkoB AD (1 matuuk) u Y3 (4 marumka).
B ocHOBY paboThI CHCTEMBI TIOJIOKEH CIMOCOO PETHCTPAIMHA CEPUU OTPAKEHHBIX WMITYJIIHCOB
VOPYTMX  BOJH, BO30yXJaeMbIX B  OOBEKT€  KOHTPONS  MbE30ITEKTPUUECKUM
npeoOpa3oBareyieM, a TaKXKe PETUCTpallid CWrHajda AD W TMOCHeAyoImed uX o0paboTKu
CpeIICTBAMU MPOTPAMMHON YaCTH CUCTEMBI.

Ha puc. 2 nmokazana oOmiast CTpykTypa 00pabOTKu CUTHAJIOB ¢ AaTYUKOB AD u ¥Y3.
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OuIbTpaIys CUTHAIIOB U pacueT IapaMeTpoB

Puc. 2- [Ipoyecc oyenku cmenenu nogpesicOeHHOCMU ¢ UCTIONb308AHUEM AHCAMOISL MOOeell Kiaccupurayuu,
8APUAYUOHHO20 a8MOIHK0Oepa u pexyppenmuou MHC
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VasTpasBykoBoii curHan (1) u curHan AD B BUIE CHEKTPOTPAMMBI 3allyMJICHHOTO
curHana (2) moctymaer Ha 00paboTKy. BHauame mpoucxomut mporeaypa GUiIbTparuu
curHaia AD ¢ UCTIOJIb30BAaHUEM BapUALIMOHHOTO aBTOIHKOAEPA.

OO0yueHue sHKOJIepa OCYIIECTBIISUIOCH B TPH dTara:

1. ObydeHnne Ha CUTHanax ¢ MIyMOBOW cocTaBisromel (2). CBepToUYHbIN con
uckyccrBeHHoi HeilponHoi cetn (MHC) (3) u3BiekaeT OCHOBHbIE IPU3HAKU
U3 OTpe3Ka curHaia AD, MpeACTaBIEHHOIO B BUAE CIEKTporpammsl (2), u
CHI)KAaeT pPa3MEpHOCTh JaHHBIX. K KOHIly cBepTOYHOro ciosi popMHUpyeTCs
BEKTOpP Pa3MEpPHOCTH MEHbIIEH, 4eM BXOJHOH. 3aTeM JI€KOHBOJIOLMOHHBIN
cioit MHC (4) yuuTcs BOCCTaHaBIMBATH JaHHBIC M3 CBEpPTKU. [Iporemypa
o0yuenust mostopsiercs, moka MHC He HayuyuTcs C BBICOKOM TOYHOCTBIO
IIPOU3BOJUTH ONEPALUU IPSIMON U OOPATHOM CBEPTKHU.

2. O0yuyenne w©Ha umctom curHaie AD  ([IpousBoguTcs  aHAJIOTHYHO
MpeAbIAYIIEeMY ITary).

3. Beimenenue BEKTOPOB, OTBEYAIOIIMX 32 IIYMOBBIE MNpHu3HaKH. s 3Toro
paccunThIBaJIaCh pa3HULA MEXAY BEKTOpaMH 3alIyMJIEHHOTO M YHCTOIO
CUTHAaJIa moce npoiecca cBepTKu. [lonyueHnHas pa3Hulia sSBIsjIaCh BEKTOPOM
myma (4) u 3anuceiBasach B cneuuanbHyto b/l (5). [lannas npouemypa
MOBTOPSUIACh [UISI Pa3IMYHBIX PEXKUMOB pabOThl MAlIMHBI U KOMOWHAIUI
OIYM-YUCTBI CHUTHAl C I1EJNbI0 BBISBICHHUS Pa3iMYHBIX IIYMOBBIX
COCTaBJISOIIUX.

[locne mpouexypsl oOyueHHs BapHALlMOHHBIA aBTOHKOJEP CIOCOOEH BBIACIATH
YUCTBIM CHUTHAJ M3 3alllyMJIEHHOro. /I 3TOro W3 CBEPTKM 3alllyMJIEHHOTO CHUIHaja
MPOUCXOAUT BBIYMTAHHWE BEKTOpa IymMa, COBETYIONIETO JaHHBIM peXUMaM padOTHI.
[onmyuyeHnas pa3HHLA MIPEICTABISAET COO0I BEKTOP YUCTOTO CHTHAJA, KOTOPBINA MOBEpraeTcs
npoleaype OoOpaTHOH CBEPTKH uepe3 JIEKOHBOIIOIMOHHBIM CJIOH Al BOCCTaHOBJICHUS
CUTHAJIA.

OtrdunbrpoBanHblii curHan AD (6) B BUAEC CHEKTPOTPAMMBI ONPEACICHHON JIITUHBI
noctymaer Ha Bxoxa cBeprouHod MHC xknaccudukamuu (7), a BBIJACICHHBIC Ba)KHBIC
napaMeTphl, IOCTYMAlT Ha BXOJ pa3pab0OTaHHOTO JepeBa NpUHATUA petieHui (8).
HononuutensHas cBeprounas MHC xknaccudukanuu Oblma BBEIEHA IS peasld3aliuu
BO3MOYKHOCTH OILIEHKH HESIBHBIX MapaMEeTPOB MUMITYJbCOB, TUIOXO MOJAOIIMXCS (PopMaTbHBIM
omucaHusM. [Ipu STOM CHeKTporpaMMa CHWTHama, sSBIsieTcs (QYHKIUEH BpEeMEHH, 4TO
MO3BOJIAET YUYUTHIBATh MOCJIEI0BATEILHOCTh U KOMOMHAIIMU pa3IMYHbIX UMIIYJbCOB. Jlanee
MPOUCXOINT MpoLIeaypa KiaccuGuKaIm, T/1e BEICTSIOTCS BOZMOXKHBIE KIacChl CHTHANAa AD.

[TapannensHo MIPOUCXOIUT aHaJIOTUYHas KIaccupuKanus HMITYJIbCOB
yIbTPa3ByKoBOro curHana (1) ¢ mpenBapUTeNbHBIM BbIACIEHHEM Ba)XXKHBIX mapaMmeTpoB (9).
[TomydyeHHbIe KJacchl HMITYyJIbCOB C HCIOJNIB30BAHHEM PA3IUYHBIX MoOJENeil, B BHUIE
TPEXMEPHOT'0 BEKTOpa MOCTyNaroT Ha Bxo1 pekyppentnoit MHC (10).

Hannas MHC o0yueHa npeackas3biBaTh CTENEHb MOBPEKICHHOCTH METalljla HA OCHOBE
KJIACCOB MMITYJIbCOB, MOCTyNawmux Ha e€ Bxona. Hannume obpaTHbix cBszeit B cimoe MHC
MO3BOJISIIOT YUYMUTHIBATH JAMHAMUKY HW3MEHEHHS TOBPEXKIACHHOCTH W TEKYIIEe COCTOSIHUE
MeTayuia npu mporHose Oyaymiero. Beixogom HWHC  sBisiercss ogHOMEpPHBIH  BEKTOP
u3MeHstouelca B auanazone ot 0 g0 1, 4To COOTBETCTBYET MUHUMAIBLHON U MaKCUMaIbHOU
CTEMEHU MOBPEkKIEHHOCTH. CTENneHb MOBPEXKICHHOCTH YCTAaHOBUJIACH B XOJI€ MPOBEIECHHBIX
WCIIBITAHHM.

ArmpoGanusi mpeasioKeHHOTO crmoco0a OLICHKH MOBPEKICHHOCTH TMPOBOAMIACH HA
oOpasnax ux cranu 12X18H10T. B tabnuie 1 moka3zaHbl pe3yabTaThl OIIEHKH MEXaHUYECKUX
xapaktepucTtuk ctanu 12X18H10T.
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Tabnuya 1

Pesynomamuor ucnoimanuii na pacmsaxcenue cmanu 12X18HI10T

Marepuan Ten, °C % g 2 g

20 42 208 546

-20 40 220 580

12X18H10T
-80 38 283 792
-100 37 292 866

o pe3ynbTaram anpobanuu yCTaHOBJIEHO:

1. C nonmwxenuem temnepatypsl g cranu 12X18H10T naGmromaercs
MOHOTOHHOE CHMJKEHUE OTHOCHUTEIBHOIO YIJIMHEHHS W  YyBEIWYCHHE
YCIOBHOT'O IIpejiesla TeKy4eCTH M Ipefesia MPOYHOCTH, OAHAKO MEXaHHU3M

pa3pymcHus 0OCTaCTCA BA3KUM.

2. Hanbonee BaXHBIMH TIapamMeTpamMH JUIsd KiacCH(PHUKanuu CUTHAIOB AD
ABIIAIOTCA: CYMMAapHbIl CUET HUMILYJbCOB, CKOPOCTb CYETa HMIIYJIbCOB U

SHTPONHUA.

3. Haubonee BaXHbIMM MapamMeTpaMu JUIsl KilaccU(UKAUUM CUTHAJIOB Y3

ABIIIOTCA  CKOPOCTh  PACIpPOCTpaHeHHs U KOA(P(UIUEHT

MMPOAOJIbHBIX U MOIICPCUHBIX BOJIH.

3aTyXaHus

4. IlporHo3upoBaHue  NOBPEXACHHOCTH  MaTepuajia  IMPOBOAWIACH  C

HOrPEeIIHOCThI0O He Oonee 8% 1O CpaBHEHHIO C pa3pabOTaHHBIM paHee
METOJIOM OLIEHKU MOBPEKIECHHOCTH HAa OCHOBE YJBTPAa3BYKOBBIX HCIBITAHUI
U TIPOIIEIINM anpoOaluio Ha OOJIBIIOM Kpyre MaTepraioB, B YaCTHOCTH Ha

cramu 12X18H10T [4].

% %k %k

1. AKycTHYeCKasi IMHCCHUS B dKCIepuMeHTanpHOM MarepuanoBeaenun. / H.A. Cemamko, b.H. Mapsun u

np.; mox pen. H.A. Cemaniko. — M.: MammuHocTpoerue, 2002. — 240 c.

KimoeBa. — M.: Mammnoctpoenue, 2006. — 861 ¢

Hepaspymiaromiuii KOHTpoJIb: cipaBoYHKK B 8 Tomax. T.3: YibTpa3BykoBO# KOHTPOJb. / moa ped. B.B.

HccnenoBanne nospexxaeHnocty cramu 12X 18H10T npu Huskux temneparypax / Xneio6os A.A., Ps6os

J.A., AnocoB M.C.// B cbopuuke: FOHOCTD M 3HaHMA - rapantus ycrexa -2020. COOpHUK Hay4YHBIX
TpynoB 7-if MexayHapoaHOH MOJIOJEKHOM HaydHOU KoH(pepenuun. B 3-x Tomax. OTB. penaktop A.A.

T'opoxos. 2020. C. 268-273.
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PA3JIEJI XI. CTPOUTEJBCTBO

ITanuenxo H.M.
K Bonpocy 0 He00X0AMMOCTH COBEPIIEHCTBOBAHUSI HOPMHPOBAHMS B CTPOUTEIbCTBE

Ilemepbypeckuti cocyoapcmeenmwlll yHugepcumem nymeti cooowenus Umnepamopa
Anexcanopa 1

(Poccus, Canxm-Ilemepbype)
doi: 10.18411/1j-08-2021-28

AHHOTAIUA
Haunnas ¢ 60-x rogoB mpouuioro Beka B cdepe CTPOUTENIbCTBA BCE TPYAOEMKHE
MPOILIECCHI MEXaHU3UPOBAHBI, KOMILJIEKCHO MEXaHU3UPOBAHbI u YaCTUYHO

aBTOMATU3UPOBAHBI, HO 3()(H)EKTUBHOCTH CTPOUTEIHHOTO MPOU3BOJICTBA IIPU ATOM HE BCErna
MakcuMmainbHa. J[1000i KOMIUIEKCHBIH IPOLECC B CTPOUTENIBCTBE CIOXKEH U COCTOUT U3
OTAEJIBHBIX DJIEMEHTOB, TEXHOJIOTMYECKH CBS3aHHBIX MeXay coboil. Ecim mpomcxoant
U3MEHEHHE B OJIHOM M3 MHOXKECTBA OINEPALUii, COCTABISIONIUX IPOLECC, TO ATONPUBOIUT K
U3MEHEHHIO MPOM3BOAMUTEIBFHOCTH KOMIUIEKCHOTO TIIpoIiecca B IEJIOM. 3a IOCIETHHE
JNECATHIICTUST OBLIO CO3aHO HEeMallo pPa3pabOTOK B 00JACTH  COBEPIICHCTBOBAHUS
HOPMHUPOBAHUSI B CTPOHMTENIBCTBE, HO BCE OHH HE II03BOJISICIO JOCTOBEPHO OILIEHHBATH
(dakTHueckoe cocTtosiHue (PYHKIMOHUPOBAHME TEXHOJOTHYECKUX IpoleccoB. B pesynbrare
HOJTy4aeM OTKJIOHEHHUS PEalbHBIX CPOKOB CTPOHMTENBCTBA OT 3alUIAHMPOBaHHBIX. s TorO,
YTOOBI pacu€THBIE PE3yIbTaThl ObBUTM MAaKCUMAIBHO MPUOIMKEHBI K PeaJbHBIM, HEOOX0AUMO
YUUTHIBATH COBMECTHOE BIIMSHHE TEXHOJOTHH, JIFOACH M COCTOSIHUSI IPUMEHSEMON TEXHUKU
Ha TPOU3BOAMTENBHOCTh CTPOUTENBHBIX TPOLECCOB. A OICHMB JaHHOE BIUSHHE, BHECTH
WU3MEHEHHS B METO/I0JIOTHUI0 HOPMUPOBAHUSI B CTPOUTEIHCTBE.

KiroueBble ¢ji0Ba: HaIEKHOCTh, OOJBINIAS CUCTEMA, DJIEMEHT CUCTEMBI, BEPOSITHOCTh
0e30TKa3HOM pabOTHI, TEXHOJOTHs, CTPOUTENBHBIA IIpoOIecC, MapameTpbl HaJAEKHOCTH,
HOPMHPOBAHUE.

Abstract

Since the 60s of the last century in the construction industry, all labor-intensive
processes have been mechanized, comprehensively mechanized and partially automated, but
the efficiency of construction production is not always maximum. Any complex process in
construction is complicated and consists of separate elements technologically interconnected.
If there is a change in one of the many operations that make up the process, then this leads to
a modify in the performance of the complex process as a whole. Over the past decades, many
developments have been created in the field of improving the regulation in construction, but
all of them do not allow to reliably assess the actual state of the functioning of technological
processes. As a result, we get deviations of the actual construction time from the planned one.
In order for the calculated results to be as close as possible to real ones, it is necessary to take
into account the joint influence of technology, people and the state of the equipment used on
the productivity of construction processes. And after assessing this impact, make changes to
the methodology of rationing in construction.

Keywords: reliability, large system, system element, probability of failure-free
operation, technology, construction process, reliability parameters, rationing.

3a mocieiHue AECATWIETHs ObUIO CO3[JaHO MHOXKECTBO COBPEMEHHBIX TEXHOJIOTHH,
BMECTE C IPUXOJAOM HOBBIX TEXHOJIOTMM, BHOCHUJIMCh M3MEHEHHS M HOPMHPOBAHHE
CTPOUTENBHBIX IMporeccoB. Ho mpu 3TOM s[CHOCTH B BBIOOpPE pPALMOHAIBHBIX IyTEH
MHTEHCU(UKALIMHM CTPOUTEIBHBIX MPOLIECCOB TaK U HE MOSBUIOCH. BHepeHre HOBBIX MaIIUH



JIlendenyuu paseumus HayKy u obpasoeanis - 127 -

C YJIYYIICHHBIMH TOKA3aTENSIMU TPOU3BOJUTEILHOCTH U POOOTOTEXHUKH, KaK TMOKa3bIBACT
MPAKTHKA, HE BCETJa TapaHTHPYET MOBBIMICHUE 3(PPEKTUBHOCTH CTPOUTEIBHOTO TIpoliecca B
nenoM. YacTo COBEpIICHCTBOBAHHME CTPOUTENBHBIX TEXHOJOTHH MOXET MPOHUCXOIUTH 0e3
y4éTa CHCTEMHOCTH CTPOUTENBbHBIX mporeccoB. Kak H3BECTHO, KaXIblii KOMIUIEKCHBIN
CTPOUTEIBbHBIN MPOLIECC CI0XKEH, U COCTOUT U3 Psiia AJIEMEHTOB, HaXOJAIINXCA B CTPOTOM
MOCIIEA0BATEIBHOCTH M CONOMYMHEHHOCTH. [Ipy M3MeHeHUN MPOU3BOAUTEIHLHOCTH B KaKOM-
aub0 W3 COCTaBISIOUIMX Ipoliecca, IMOJIyYHMM H3MEHEHUE MPOU3BOJUTENILHOCTH BCETO
KOMIUIEKCHOTO Tporiecca B 1eiaoM. Ho oTcyTcTBHE HEOOXOJMMBIX METOIO0JIOIMYECKHX
pa3paboTOK U HECOBEPIICHCTBO HOPMUPOBaHUS (HYHKIMOHHUPYIOIIUX MPOU3BOJACTBEHHBIBX
MPOIECCOB HE TIO3BOJIIET JIOCTOBEPHO OIICHHBATh (PAKTHUECKOE COCTOSIHHE JaHHBIX
MPOLIECCOB, OMpENeInTh Hauboliee pallOHAIbHbIE MYyTH peanu3ali BO3MOKHOCTEH IS
BHIODAaHHOW TEXHOJOTHUH, a Takke OoO0OCHOBaTh Hambosee >(PQPeKTuBHBIC TpPaHUIBI €€
WCITOJIb30BAHUS M COBEPIICHCTBOBaHUs. Kak pe3ynbTar moaydaeM OTKIOHEHHE (DaKTHUECKUX
CPOKOB CTPOMTEJILCTBA OT MPOEKTHBIX M HHU3KHM YpPOBEHb KAadeCTBA CTPOUTEIBHOMN
npoaykiuu. Jlias Toro dYroObl MUHUMHU3HMPOBATH JaHHBIE TIOCIEACTBHUS, HEOOXOAUMO
COBMECTHOE U3yY€HHE BIUSHUS BbIOMpAaEcMON TEXHOJOTHH, JIIOJEH U  COCTOSHUS
NPUMEHSIEMON TEXHUKH Ha MPOU3BOAMTEIHLHOCTH CTPOHUTENBHBIX IPOLECCOB, pa3padoTka
METO/OJIOTUY BBISIBJICHUS M y4€Ta JTAHHOTO BIUSHUS U UCXOJS U3 MOJYYCHHBIX PE3yJIbTaTOB,
COBEPIIICHCTBOBAaHNUE HOPMATUBHBIX MOJIOKEHUH JIJIs1 IPOCKTUPOBAHUS CAMUX MPOIIECCOB.

KommiekcHble CTpoUTeNbHbIE MPOLIECCH - 3TO MPOLIECCHl 0COO0ro poza, obaanarome
omnpeAcnéHHBIMA CBOMCTBAMH M UMEIOIIME psii  ocobeHHocTel. HMTorom Kaxmoro
CTPOUTENILHOTO TMpoliecca SBISETCS I00pOKauecTBEHHAs CTpouTelbHas mnpoaykuus. Ho
KaueCcTBO MPOM3BEAEHHON MPOAYKIMH HE BCETJa TapaHTUPOBAHO KAYECTBOM IPOBEICHUS
IIPOU3BOJICTBEHHOIO MPOIIecca, TaK KaK Y HEKOTOPBIX MPOLIECCOB BPEMs IIPOU3BOJCTBA pabOT
U (PU3UKO-XUMUYECKUX H3MEHEHUH B CTPOHWTENHHBIX MaTepHaliaXx MOXKET HMMETh pa3HbIe
uHTepBanbl. Hampumep, mpu OETOHUPOBAHWU KOHCTPYKIMK KadyecTBO 3a0€TOHHPOBAHHOMN
KOHCTPYKLIMU 3aBUCUT OT KauecTBa IPOBEICHUS TEXHOJOTHYECKHX TMPOILIECCOB COOPKHU-
pa30opKku onaayOKH, U3TOTOBJICHUS U 3aJIMBKU OETOHHOI CMecH, BBIICPKUBAHUS U yXO0/a 32
Heil. Ho, TeM He MeHee, MOJ BIMUSHUEM pPa3IUYHBIX CIyYalHBIX (DAKTOPOB, TaKUX, Kak
W3MEHEHUE TMOTOJHBIX YCIOBUN, BMECTO Kaue€CTBEHHOW MPOIYKIIMHA BO3MOXKHO TOJyYECHHE
Opaxa.

Emé omHa 0COOEHHOCTH CTPOUTENBHBIX MPOIECCOB 3aKIIOYAaeTCs B TOM, UYTO HE
Ka7asi MPOAYKIHS CTPOUTEIBHOTO MPOU3BOJICTBA MOXET OBbITh 3ape3epBUpPOBaHA, a caM
npouecc AOKEeH (yHKIHOHMpOBaTh 0e3 mpocToeB. [l0ATOMYy CTpOMTENbHBIE IMPOLECCHI
JOJKHBI  0071aaTh HEOOXOAMMON M JOCTAaTOYHOW HaA&KHOCTBIO, YTOOBI HCKIIIOYUTH
BO3MOXXHOCTh MOJy4YeHHs Opaka. Ho KOMIUIEKCHO MeXaHM3HUpPOBAaHHBIE IPOLECCH, KaK
NPaBUJIO, HMMEIOT HU3KYK HAAEKHOCTh U3-3a MpeodiafaHus B OpraHU3alUU  UX
(bYHKIIMOHUPOBAHUS nocneA0BaTeIbHBIX WIH nocie0BaTeIbHO-MapaIeTbHbIX
TEXHOJOTHYECKHUX OMepaluid. A CyIIECTBYIOIIas HOpMATUBHAs JOKYMEHTAllUsl HE YYUTHIBAET
HaJ&KHOCTh MPOIIECCOB HU HA CTAIUM WX MPOCKTUPOBAHUS, HM Ha CTAJUH CTPOUTEIIHCTBA.
HanéxuocTts pabouux BooOIIe HE yUaCTBYET B pacu€rax, HaJ€KHOCTh TEXHUKH YUUTHIBACTCS
KOX(PUIIMEHTOM HUCTOIH30BAHUS MAIUHBI IO BPEMEHH MPH PacuéTe MPOU3BOIUTEIHHOCTH
MalluHbl, 4YTO SIBHO HEJOCTATOYHO JJI1 TOJYy4YEeHHsS JOCTOBEPHBIX pE3YyJIbTATOB MpHU
oTpeieNIeHuH MPOU3BOAUTEIHLHOCTH CTPOUTENHLHOTO MPOIIecCca U CPOKOB CTPOUTEIHCTBA.

WNHcTpyMeHnTOM A1 MCClieIOBaHUS BOIPOCOB HAAEKHOCTH CTPOUTENBHBIX MPOIIECCOB
ABJIIETCS MaTeMaTHuecKas Teopus Haa&KHocTH. HanéxHocTh 110001 CUCTEMBI OonpeaensieTcs
CIIOCOOHOCTBIO COXpaHATh 3a/JaHHble padouuMe MapaMeTpbl B TEUEHUE ONPEIEIEHHOTO
pacy€THOro Cpoka. JTO BBICKA3bIBAHUE CHPABEMJIUBO M JJI MCCIEIOBAHUS CTPOUTEIBHBIX
CHUCTeM. 3a TOCJIeIHUE MAeCATWIeTHS 3a CUY€T TEeXHHUYECKOro Iporpecca, MpOIecChl
MPOEKTUPOBAHUS U CTPOUTENHCTBA MPOMBINUICHHBIX U TPAXIaHCKUX OOBEKTOB IMEPEILTH B
pazpsa OONBLIMX  CHOXHBIX  CHCTEM, COCTOSIIIMX M3  MHOXECTBA  IMOJCHCTEM,
CKJIQ/IBIBAIOIUXCSI W3 OrPOMHOIO KOJMYECTBA JJIEMEHTOB, HOCSIIMX BEPOATHOCTHBIN
XapakTep M MOJYUHSIOMIUXCS 3aKOHAM TEOPUM BEPOSTHOCTH. biaromapsi aToMy, IpHUHSITHE
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OpraHU3aI[MOHHBIX, TEXHOJOTUYECKUX M 3KOHOMHYECKHX PEUICHUH cTano Ooyiee CII0XKHBIM,
KaK pe3ysbTar, MMOJTy4aeM CHUKEHHE HaJEXHOCTH CHUCTEM CTPOMUTEIBHOIO MPOU3BOJCTBA B
nenom. CriegoBaTenbHO, HAOMIOaeM yXyALIeHHE (aKTHMYECKHX IoKa3aTeneil (yBenuyeHue
CPOKOB TPOJOJKUTEIFHOCTH CTPOUTENBCTBA, CHU)KCHHE MPOU3BOJUTEIBHOCTH TPY.a,
M3MEHEHHE CTOMMOCTH CTPOUTENIHCTBA) IO CPABHEHHIO C 3aINIAHUPOBAHHBIMH.

CnoxxHOCTb perieHus npo0aeMbl HaAEKHOCTH B 00JIaCTH CTPOUTENLCTBA 3aKII0YAETCS
B TOM, YTO MaT€MaTUYECKUI anmnapar TEOpUH HaAEKHOCTHU, IPUMEHIEMbIN JUIsl TEXHUYECKUX
CUCTEM, HEJIOCTATOYEH JUIsl CTPOUTEIBbHBIX CUCTEM, TAK KaK HE YUHUTBHIBAET SKOHOMHUYECKHUX,
OpPraHM3al[MOHHBIX M TEXHOJOIMYECKHX HIOAHCOB, OIPEACIAIOIUX IMPUYMHBI OTKAa30B U
HaJEKHOCTh CTPOMTEIBHBIX CHUCTEM, a [JIaBHOE HE YYMTHIBAET pOJIM YEJIOBEKA B
MIPOU3BOJCTBEHHOM Ipoliecce. JlaHHbII MaTeMaTHYeCKUi armnapar pacCuuTaH Ha CUCTEMBI CO
CTAaIlMOHAPHBIMU pEeKUMaMU (QYyHKIMOHUPOBAHMSI, CTPOUTEIbHBIE CUCTEMBI - 3TO CUCTEMBI C
JUHAMUYECKUM peXUMOM. JlJI1 TEXHUYECKUX CUCTEM BBIXOJ U3 CTPOS KaKOro-Inbo 3J1eMeHTa
WIM y3J1a 4acTO BEAET K MOJIHOMY OTKAa3y CHCTEMBI, a JUIsl CTPOUTENbHBIX 'XapaKTEpHBIMU
SIBJIIIOTCSL HE TNOJHBIE OTKa3bl, @ YacTHbIE (COOM), KOTOpPBIE CaMOYCTPAHSIOTCS B IpoLecce
HernpepbIBHOTO (pyHKIMoHUpoBaHus cucTembl" [1]. CorilacHo MareMaTHu4ecKoW TEOpHH
HaAEKHOCTH,  CHUCTEMbBI, COCTOSIIIME W3 MHOXECTBA IIOCJIEIOBATEIbHO COCIUHEHHBIX
3JIEMEHTOB, NPU YBEIUYEHUH B CBOEM COCTABE TAKMX AJIEMEHTOB PE3KO CHUXKAIOT CBOIO
Ha/I&KHOCTh. W Jaske CpaBHUTEIILHO HEOOJBIINE CHCTEMBI, KOTOPBIE COCTOSAT U3 HEOOIBIIOTO
KOJIMYECTBA IEMEHTOB C JOCTATOYHO BBICOKOM CpeIHEN HAIEXKHOCTBIO KaXKIOTO AJIEMEHTA,
OyZyT Ha BBIXOJI€ UMETh JOBOJIbHO HU3KYIO HaJAEKHOCTb. Mccemyst CTpouTeNnbHbIE CUCTEMbI
U CpaBHMBas HMX C TEXHUYECKUMH, MPUXOJUM K BBIBOJAY, UTO Jaxe MpPU OJUHAKOBOM
KOJIMYECTBE JJIEMEHTOB M 0oyiee HU3KOM HaA&KHOCTH Ka)XJ0ro U3 HHUX, CTPOUTEIbHAs
cuctemMa OyJeT UMeTh Oojee BBICOKYIO HaAEXKHOCTh B HUTOre, 4eM TEeXHHUYecKas. ITO
JIOKa3bIBACT TO, YTO CTPOUTEIBbHBIE CHCTEMBbI Oojiee THOKHE, YeM TEXHHUYECKHe, Jerde
pe3epBUPYIOTCS U CIOCOOHBI OBICTPO NepecTpauBaThes. B TexHuueckoil cucteme HaIEKHOCTD
HANPSMYIO 3aBUCUT OT HaJIE&KHOCTH COCTABISIONIUX €€ JIIEMEHTOB, @ B CTPOUTEIHHON OT €€
THOKOCTH. DTO OOBICHSETCS HaIMYMEM B CTPOUTENBHBIX CHCTEMax 'caMoro HaAE&XHOTO
CaMOpETYJIHPYyEMOTO" 3JIEMEHTa CHUCTEMEI - ueJloBeka [2].

HanéxHocTe ywacTuss 4einoBeka B IPOU3BOJACTBEHHOM  IIPOLIECCE  MOXHO
0XapaKTEpU30BaTh, HCIIOJB3Yys CIEAYIOIIUE MOHSITHUS, NPUMEHSEMBIE B MaTEMaTHUECKON
TEOPUM  HAAEKHOCTH: BEPOSITHOCTh 0OE€30TKAa3HOM paboOThl, BEPOSTHOCTH  OTKAa30B,
WHTEHCUBHOCTh OTKa30B, WHTEHCHUBHOCTh BOCCTAHOBJICHHWW, XOTS W HEIb3sl IOJHOCTHIO
MEPEHECTH XOpOILIO pa3pabOTaHHbIE B TEOPUM HAAEKHOCTU TOHATHS Ul TEXHUKH Ha
yenoBeka [3]. YUenoBek - 3TO 0cOObIN 3JIEMEHT CTPOUTENBHON CUCTEMBI, KOTOPOMY MPUCYIIN
ocoObie cBoiicTBa. [Tos 0Tka30M yenoBeka Oy/ieM NOHUMATh HECIIOCOOHOCTH BBITOHEHHS UM
3aJaHHbIX (QYHKIUNA C TpeOyeMOH TOUHOCTBIO B ONpEACNEHHBI MPOMEKYTOK BpPEMEHH.
OTka3pl uejoBeKa B MPOU3BOJCTBEHHOW CHCTEME MOTYT OBITh BPEMEHHBIMU WU
MOCTOSTHHBIMU. BpeMeHHbIe - 3TO Takue, KOTOpbIe He CBSI3aHbl C KAKUMU-JINOO N3MEHEHUSIMU
B OpPraHu3Me€ 4eJOBeKa W MOTYT OBITh YCTpaHEHbI MPH MOBTOPHOM JEWCTBUH, HAIpHUMED,
ommbka B pabore oneparopa. [locTosiHHBIE CBSI3aHBI C N3MEHEHUSIMU B OPTaHU3ME YeJIOBEKa,
Hanpumep, Oone3nb [4]. Kaxnplif M3 >IE€MEHTOB CTPOMTENBbHON cHcTeMbl (pabouue u
TEXHWKA) WHIMBHIYyaJleH, MX OTKa3bl W BOCCTAHOBJEHHMS 110 KOJUYECTBY U
MPOJOHKUTEILHOCTH HE 3aBUCSAT OT APYTUX DJIEMEHTOB.

JIr000i1 CTPOUTENBHBIN TPOILECC - ITO UYEJIOBEKO-TEXHOJOTUYECKAsl CUCTEMA, TJIe
paboune U TEXHMKA COEIMHEHbI OIpenelaeHHbIM o0pa3oM M, UCHOJb3ysS Hauboiee
palMOHANBHYI0 TEXHOJIOTHIO, TMPOU3BOJAT KOHEUHYI mpoaykuuio [5]. Onnum  u3
HaMBAKHEHIINX KPUTEPUEB B BHIOOpPE KOJMYECTBA M TUIIOB MAIIMH M YKCJIA U KBATH(PHUKAIIUN
pabounx, y4acTBYIOUIMX B CTPOUTEIHHOM IpOIlecce, SBISETCS TEXHOJOTHsS MPOU3BOJCTBA
pabot. [loaTomy uccienoBanue J1H0O0r0 CTPOUTEIHLHOTO MPOIEcca ¢ TOYKU 3PEHUS OOJBIION
CUCTEMBl HEOOXOAMMO OJHOBPEMEHHO OTHOCUTENIBHO TPEX (HaKTOPOB: TEXHOJIOTMUYECKOTO,
YeJI0BEYECKOTO U TEXHUUIECKOTO [6].
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Kaxnpii CTPOUTEIIBbHBIN rpouecc (bYHKIIMOHHUPYET c ONpeIeIEHHON
IPOU3BOJUTENBHOCTHIO, KOTOpasi 00ecreuynBaeTcsi He0OX0IMMOM HaAEKHOCTBIO BBHIIIOJHEHUS
onepauuii. IlapameTpbl HanEKHOCTH 3aJI0KEHBI B CTPYKTYpPE TEXHOJOTMYECKHMX OIlepalnui,
OHHU MOT'YT OBITh ONHCaHbl MHOXKECTBOM:

)

—YCJIOBCUYCCKUC!: {Jr:!- }I:l - )
),

— TeXHOIOTHYecKHe: {2 }(I = l._ﬁ')

TexHOJIOTHYECKHE TTapaMeTPhl HAEKHOCTH SIBJISIFOTCSI OCHOBHBIMHU, OT HHUX 3aBHCHUT
KOJINYECTBO pabouunx, X KBadu(uKanus, BBIOOP MAIIMH U MEXaHU3MOB.

B mpomecce mpomsBoacTBa pabodrie TpU MOMOIIM OPYIUN Tpyda MpeodpasyroT
npeaIMeT Tpylda M3 MCXOJHOTO COCTOSHUS B TOTOBYIO mpoaykuuto. IIpeoOpazoBanue
npeaMera Tpyla U3 OJHOTO COCTOSIHMSI B JIPYro€ IPOUCXOJUT B COOTBETCTBEUU C
MPUMEHSIEMON TEXHOJIOTUEH Ha KaKJ0W M3 omeparui mosranHo. Hanpumep, kakas-To ojHa
U3 cucteM OoJbIIoON cucteMbl C WMeeT N-0e KOJWYECTBO OIEpalHid, TEXHOJOTHICCKUE
Oonepalryd COCTOSIT M3 KOHEYHOIO YHCIIA TEXHOJIOrM4Yeckux naeucteuil. llognep:xanue
CTPOUTENLHOTO TMpollecca MO TMPOM3BOACTBY 3E€MISHBIX pabOT Ha ypOBHE CTaOMIBLHOTO
(GYHKIIMOHUPOBAHUS JTOJDKHO MPOMCXOJUTH 32 CUET MOJACPKAHMS MapaMeTpOB HAIEKHOCTH
CaMOro CTPOUTENBHOIO IIpolecca, Kak OONbIION CHCTEMbI, MapaMeTpoB HAAEKHOCTU
TEXHOJIOTHYECKUX OIepaluid, Kak TMOJCUCTEM M Ha YPOBHE COCTABISIOMIMX KaKIOH
MOJICHCTEMBI, €€ DJJIEeMEHTOB: pabounx u TexHuku [7]. CiemoBaTeinbHO, CTAOMIBHO
(GYHKIIMOHUPYIOIAsE CTPOUTENIbHASL CUCTEMA JIOJDKHA UMETh HAJEKHOCTh: L

— Ha ypoBHe i-ro npoussozacteennoro npouecca: Pi(t)={P; (t)}(i = 1,n),
—na yposHe l-it onepauuu (OIT): Pi(t)={P; () }(I = 1,m),
— Ha YPOBHE J-T0 ACHCTBUS: Pj(t):{le (E]}(} = 1,k).

[Momnepxxanne (QYHKIIMOHAIBHOTO TMOCTOSHCTBA OOJBINONW CHCTEMBI TOJTHOCTBIO
3aBUCHT OT 00€CIeUeHUs] MAaKCUMATbHOW BEPOSTHOCTH OE30TKA3HOTO BHITIONHEHUS OTepaIiuit
MIPOU3BOACTBEHHBIX MPOIIECCOB.

Hcxons u3 BhIle CKa3aHHOTO MOXKHO CHENAaTh CIEIyIONINI BBIBO: AJI TOTO, YTOOHI B
JIOCTaTOYHOM Mepe OICHUTH BJIMSHHE MapaMeTpoB HAAEKHOCTH AJIIEMEHTOB COCTABJISIOIINX
MPOU3BOACTBEHHBIN TPOIECC HA MPOU3BOJUTEIBLHOCTh JAHHOTO TMpOIlecCa U CPOKH
MPOW3BOJCTBA PadOT, HYXXHO HaWTH (aKTUYECKUE 3HAYCHHUS MapaMeTpoB HAIEKHOCTH
9JIEMEHTOB TPOIIecca MCXOJ M3 TEXHOJOTUHU MPOU3BOJICTBA padOT, CTPYKTYPHBIX CBS3EH U
pacmooXKeHUsT DIEMEHTOB B TMporecce Kkak cucreme. Vmes (dakTuueckue 3HAYCHUS
napaMeTpoB HaAEKHOCTH 3JIEMEHTOB MPOIECCca, UX CIEAYET YUUTHIBATh MPH MPOSKTUPOBAHUT
CTPOUTEIBHBIX MPOIIECCOB.

1,n
— TEeXHUUYECKUE: {yj }I:,I' =1m

* %k %k
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PA3JIEJI XII. APXUTEKTYPA

HNxengeen A.B.
O cooTHommEeHUNAX (pa3 rPYHTA B MHOCTPAHHBIX Y4EOHbIX U3IaAHUSAX

Jlanvnesocmoynwlli 20Cy0apcmeeH bl a2papHblil YHUGEpCUmem

(Poccusi, Brazoseujenck)
doi: 10.18411/1j-08-2021-29

AHHOTAIUA

B craTtbe ommcaHbl 0COOCHHOCTH M3JI0KEHHUS BOIPOCA O COOTHOIICHHUIX (a3 rpyHTa B
WHOCTPAHHBIX Yy4eOHBbIX Hu3MaHusIX. [IpUBOASTCS OCHOBHBIE TEPMHUHBI ITOTO BOMpOCa Ha
PYCCKOM W QHTJIIMHCKOM sI3bIKaxX. Marepualibl CTaThbH MOYKHO HCIIOJIb30BaTh NPH W3YUCHHH
MEXaHHUKHU TPYHTOB.

KiaroueBble ciioBa: MeXaHUKa TPyHTOB, (ha3a TpyHTa, MHOCTPaAHHOE yUueOHOE U3aHHe.

Abstract

The article describes the features of the presentation of the question of the ratios of
soil phases in foreign textbooks. The main terms of this question are given in Russian and
English. The materials of the article can be used in the study of soil mechanics.

Keywords: soil mechanics, soil phase, foreign textbook.

Bsenenne.

Cornacno nonpaszeny 3.3 'OCT 25100-2020 «I'pyntsl. Knaccudukamus» [1] rpyHT
— nrobasi ropHas IMoOpoja, IOYBa, OCAJAOK M TEXHOTEHHbIE MHUHEpallbHble O00pa30BaHMUA,
paccMaTpuBaeMble KaK MHOTOKOMITIOHEHTHBIE JUHAMHWYHBIE CUCTEMBI U YacTh T'€0JIOTMUECKON
Cpellbl, U3y4aeMbl€ B CBSI3U C MH)KEHEPHO-X03SIIICTBEHHOM 1€ATEIbHOCTHIO.

B »TOoM omnpeaeneHun Ipeanonaraercs, 4To TPYHT COCTOMT M3 HECKOJBKHUX
KOMIOHEHTOB. K TaKuM KOMIIOHEHTaM OTHOCSIT TBEP/bIE, KUIAKUE U Ta30BbIC.

B paccMOTpeHHBIX HaMM  OTEYECTBEHHBIX  YUEOHBIX  HU3JAHUAX  [TOMHMO
CJIOBOCOYETAHMSI «KOMIIOHEHT TPYHTa» MCHOJIb3YIOTCS U IpYrHe: 3JIEMEHT IPyHTa, COCTaBHAasI
4acTh IPyHTa, (a3a rpyHTa.

Ot cooTHomIeHU Macc U 00BEMOB KOMIIOHEHTOB I'PYHTa 3aBHUCST €ro MPaKTUYECKU
BakHble CBoiicTBa. Hampumep, yBenndeHHe Macchl JKUIAKOTO KOMIIOHEHTA TIJIMHHCTOTO
IpyHTa, MPUXOASIIEHCS HAa OJHY €IUHHIY MacChl TBEPAOr0 KOMIIOHEHTA, BEAET K U3MEHEHHUIO
KOHCUCTEHIIMM T'pyHTa OT TBEPAOH M0 TEKydel, a NEPEeXo] IMecKa W3 IUIOTHOIO B PBIXJIOE
COCTOSIHUE COIPOBOXAAETCA YBEIMYEHHEM CyMMapHOTO oOBbeMa >KHJIKOIO M Ta30BOTO
KOMITOHEHTOB I1€CKa, PUXOIAILIET0Cs Ha O/IHY €JMHUILY 00beMa TBEPIOTr0 KOMIIOHEHTA.

CyIiecTByI0OT MHOTOYHMCIICHHBICE MHOCTpPaHHbIE y4eOHble u3manus [2-15 u np.], B
KOTOPBIX 00CY>KIaeTcst BOIPOC 0 cooTHomeHusx ¢a3 (phase relationships) rpynra.

BbIsiBUM OCOOEHHOCTH H3JIOKEHHUST 3TOTO BOINpPOCa B HMHOCTPAHHBIX Y4EOHBIX
u3nanusx. s onpeneneHHOCTH — Ha pumepe padoT [3, 7], BbLAEpP)KaBLIMX YKE HECKOIBKO
W3JIaHHM.

HNneanu3upoBaHHbIi IPYHT U (pa3oBasi AuarpamMmma.

I'pynt (soil), BcTpewaromuiics B NPUPOAE, MOXKET OBITh BeCbMa pPa3HOOOpa3EH.
O06006m1ast 3T0 pazHooOpa3ue, B TPYHTE B 00IIEM clTydyae MOXKHO 3aMETUTh TBEPJbIC YaCTHIIBI
(solids), sxkuaxocts (liquid) u ra3 (gas).

Bona (water) gacto siBsieTcsi peo0iaaronieil sKUIKOCThIO B TPYHTE, a BO3ayX (air) —
npeobsagatromumM razom. [1oaTomy TepMHHBI «BOAA» M «BO3AYX» 4acTO MCIOJIb3YIOT BMECTO
TEPMHUHOB <GKUJIKOCTB» U «Ta3y.
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Kak B oTeuecTBEHHBIX, TAK M B UHOCTPAHHBIX M3AAHUSX [0 MEXAHUKE IPYHTOB MOXKHO
BCTPETUTh PHUCYHOK, HA KOTOPOM TMPSMOYTOJIbHUK, CHMBOJU3UPYIOUIUNA TPYHT B LIEJIOM,
pasleNieH Ha TPU MPSMOYTOJbHBIX SUEHKH, CUMBOJU3UPYIOIIME TPU KOMIIOHEHTa IpyHTa U
MOJANKUCAHHBbIE HA3BAHMSIMU STUX KOMIIOHEHTOB (puCYHOK 1a). YacTo Ha TakoM pHCYHKeE
MPUBOJSATCS YCIOBHBIE 0003HAYEHHSI MAacC U 0OBEMOB OTJENbHBIX YacTel IPyHTa U TPYHTA B

uenom, Hanpumep, V, — o6bem (volume) tBepasix wactuw; V,, — oGbem Boas; V, — 00bem

Bosayxa; V — obumit o6bem rpynta; M — macca (mass) teepasix wactun; M, — macca

Boael; M — o6mmas macca rpynra. Tam ske NpUBOAUTCS YCIOBHOE 0003HaYeHHE 00BEMa T0p
(voids) — V, .

B nHOCTpaHHBIX M3MaHMIX TaKOW PUCYHOK Ha3bIBAIOT «(da3wl rpyHTa» (s0il phases) ¢
NIOMETKO# «uaeanu3upoBanHblii TpyHT» (idealized soil); «daszoBas mmarpammax» (phase
diagram).

B u3panum [7] ¢azoBas auarpamma HpUBOIUTCS, KpOME TOro, AJs Ciydas, Korjaa
00beM TBEepAbIX YaCTHIl paBeH eauHuile (pucyHok 1b). [IpeumyiiecTBo Takoro BapuaHTa
JMarpaMMBbl 3aKJIIOYAeTCs B TOM, YTO OHA IIO3BOJISIET aOCTParupoBaThCsl OT BEJIUYMHBI
(oOBbema, Macchl) KOHKPETHOTO o0Opaslia TPyHTa; YBHJETh HEUTO OOIIee, HE 3aBHUCSIICE OT
TaKOW BEJTMYUHBI.

Volume Mass Volume Mass
! y |

A A

T V, Air 0 T Air 0

v, ¥ f e 1 f

i Vi Water M, wG, Water WGy
v : O A ;

I 1 i f

Vs Solids M 1 solids Gypy,
¥ l l h 4 l h 4

(a) (b)

Pucynox 1 — ®@azosvie ouazpammol

XapakTepuCTHKH IPYHTA, 3aBHCSIINE OT COOTHOLIEHMIi ero ¢a3.

B mHOCTpaHHBIX M3JAaHUAX BBOISTCS CIEAYIOUINE XapaKTEPUCTUKU TPYHTA, 3HAUCHUS
KOTOPBIX 3aBHCIT OT COOTHOIIEHWH ero ¢a3: W — BraxHOCTH (water content); € —
ko3¢ dumenT nopucroctn (void ratio); V' nmu V — ynensHslif 06beM (specific volume); A
— coxepxanue rasa (air content); N — mopucrocts (porosity); G, — crermpuueckas
IUIOTHOCTh WJIM OTHOCHTENIbHAs IUIOTHOCTh 4acTuil rpyHra (specific gravity of the soil
particles nnu relative density); S wmm S, — K03pQUUMEHT WM CTENEHb BOAOHACHILIECHUS

(saturation ratio mm degree of saturation); p — IJIOTHOCTH CIOXeHUsSI Wi TWIOTHOCTE (bulk

density, ninun mass density, uiu density); p, — mnotHocTs yactul (particle(s) density); v —

yZeNbHBIN Bec, UM 00BEeMHBIN yAETbHBIN BeC, HJIM BecOBas MIIOTHOCTH (unit weight, nim bulk
unit weight, mim weight density); D, wm | — crenens mnornoctu (relative density wiu

density index); SF — xodd¢uuument paspeixnenus win kodhQHUIMEHT CBOGOIHOIO
paspeixienus (swell factor unm free swell factor).

HexoTopsle U3 3THX XapaKTepUCTUK MPAKTHYECKH HE YIIOMHHAIOTCS B OT€YECTBEHHBIX
U3IAHUAX: YACTBHBIN 00beM, colepKaHue ra3a, OTHOCUTENIbHAS INIOTHOCTh YaCTHII TPYHTA.

VY enpHbIil 00beM YUCICHHO paBeH 00IIeMy o0beMy TPyHTa, COIEpKAIIEMy €IUHHILY
o0BbeMa TBEP/BIX YaCTHUIL, ABISETCS Oe3pa3MepHO BETUUUHOMN:

v=V/V,=1+e.
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ConeprkaHue ra3a — yacTh 001ero o0bemMa rpyHTa, 3aHIMaeMast ra3oM:
A=V, IV =n(l-5,).
OTHOCHUTENbHAS MIOTHOCTD JaCTull I'pyHTa MOKa3bIBACT BO CKOJIBKO pa3 INIOTHOCTH
P, (MM yaenbHbIA BeC Y ) 4acTHIl IpyHTa Oosblle MIOTHOCTH P,, (WIM yJENbHOrO Beca

Y, ) BOJBL:
G, =P/ P =Y/ V-

OTH XapakTepUCTUKHU TIO3BOJISIIOT 3alMChIBAaTh HEKOTOpPbIE (OPMYIBI MEXaHUKH
IpPYyHTOB 00Jie€ KOMIIAKTHO.

Ecnu mioTHOCTh M3MEpATh B rpaMMax Ha KyOMUECKUi CaHTUMETP (Kak 3TO OOBIYHO U
JIeNIaeTcs B OTEUECTBEHHOM MpaKTHKE), TO OTHOCUTENbHAs IUIOTHOCTh YACTHIl IPyHTa OyJeT

YHUCJICHHO paBHA INIOTHOCTH YaCTHUI] I'PyHTA. HOBTOMy GS n ps SABJIAOTCA B OIIPCACIICHHOM

CMBICJIE B3aUMO3aMEHSIEMBIMHU.

OueBHIHO, YTO IUIOTHOCTh TIPYHTa 3aBUCHT OT IUIOTHOCTH (MM OTHOCHTEIBHON
IUIOTHOCTH) €r0 YacTHll, OT o0beMa MOp, MPUXOAALIETOCcS Ha €AMHHUIYy 00beMa TBEPIbIX
YaCTHIl, U OT CTEIECHH 3allOJIHCHHUS MOP BOJOW. B CBS3M € 3TUM B MHOCTPAHHBIX M3AaHHIX
IPUBOJISIT COOTBETCTBYIOLIYIO (GOPMYIIY:

G, +S,e
— Pu-
l+e

N3BecTHO, 4TO MIIOTHOCTH TPYHTA ONPENENSIETCS] IKCIIEPUMEHTAIBHO U B TaIbHEHIIIEM
UCTIONB3YETCS B pacyeTax Kak apryMeHT (HalpuMmep, MPU BBIYUCICHHH IJIOTHOCTH CYyXOTO
TPYHTA).

[Mocnenuss e Qopmyna BaxHa Iis TOHUMAHUS TOTO, YTO IUIOTHOCTh TPYHTA
SIBIISICTCS PE3YJIbTaTOM BIHMSIHUSL (PaKTOPOB, MMEIOIIUX OTYCTIUBBINA (PU3UUECKUN CMBICIT.

Kpowme Toro, 3Ta hopMyIia mo3BoIsIeT MPOCIEIUTh U3MEHEHUE TUIOTHOCTH TPyHTA TPU

€ro Iepexolec OT CYXOoro COCTOAHUSA (C IIJIOTHOCTBIO pd) J0 COCTOsSAHHUA IIOJIHOI'O

BOJOHACKBIIIICHU S (C IIJIOTHOCTBIO psat ) OTH MIOTHOCTH COOTBETCTBEHHO OIIPCACIIATCA

BBIPpAXKCHUAMU
_ Gs
G, +e
psat - 1+e pw'

Oco0eHHOCTH M3JI0KEHHS MATEPHAJIa B HHOCTPAHHBIX Y4eOHBIX H31aHUSIX.

[Ipu u3nokeHWU Marepuana B MHOCTPAHHBIX YUYEOHBIX H3/IaHUSX BBIABISETCS €ro
CBSI3b C MPEIBIAYLUIUM U IOCIEAYIOINUM MaTepuasioM. Hampumep, onmchiBass KOMIIOHEHTHI
IPYHTa, IIOBTOPHO YKAa3bIBalOT, YTO OPraHUYECKOE BELIECTBO B COCTAaBe TIpyHTa HE
paccMmaTpuBaeTCsl; YKa3bIBalOT, YTO IPyHTOBAas Boja (IIOpoBasi BOJIAa) UTPAET BaXHYIO POJIb B
[IOBEJCHUU I'PYHTOB I10J1 HAarpy3Koi. B 1pyrom mecrte noBeCTBOBaHUs, BBOIs BbIPAKEHUE IS
BBIUMCJICHHS YJIEIbHOIO 00beMa, OTMEYaeTcs, YTO 3TO BbIpaKEHUE OyJeT MOJIE3HO MpH
COIIOCTaBJIEHUU 00BEMOB U IIPU pacyere 00beMHBIX JedopMalnii.

W3narasgs martepuasl, MCHOJB3YIOT AHAJOTMH M3 TMOBCEIHEBHOM Xu3HH. Hampumep,
CPaBHUBAIOT JUCIEPCHBIN I'PYHT C XJIEOHBIM TECTOM, MSTKOCTh M IIACTUYHOCTH KOTOPOTO
3aBUCHUT OT KOJINYECTBA IPUBHECEHHOMN B 3TO TECTO BOJBI.

IIpy W3710)KEHUH TEOPUU OJHOBPEMEHHO OIMCBHIBAIOT JKCIIEPUMEHTAIBHBIE METObI
OIpENICNIEHUs] XApaKTEePUCTUK TPYyHTa (BJIAXKHOCTH, OTHOCUTENBHOH IUIOTHOCTH YacTUL[ U
JIPYTUX XapaKTEPUCTUK).
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[IpuBomsaT pacmpocTpaHEHHBIE OMIMOKW: HANpUMEp, HCIOJIb30BaHHE OOIIEro Beca
(Macchl) TpyHTa B 3HAMEHaTele JpOOH MpU BBHIYKCICHUU BIAXKHOCTH BMECTO Beca (Macchl)
TBEP/IBIX YACTHII TPYHTA.

VYka3plBato, 4TO HWHOTAA TOYHOE 3HAYCHHE XapaKTEPUCTUKU TpPyHTa 3HATh HE
00s13aTeNIbHO: HAmpuMep, i OONBIIMHCTBA 33aJa4 OTHOCHUTEIBHYIO TUIOTHOCTH YaCTHIL
IpyHTa MOXHO C HEOOJIBIION MOrPEIIHOCTHIO PEIoiIaraTb paBHoi 2,7.

[IpuBomsT TeopeTHYeCcKHe 3HAUCHHS] XApPAKTEPUCTHK TpyHTa  (IMIOPUCTOCTH,
KOX(p(UIIMEHTa MOPUCTOCTH), TBEPABIE YACTHUIBI KOTOPOTO ObUIH OBl CPEPUUCCKUMU I10
(dopMe; COOCTABIISIOT 3TH 3HAUCHHSI C IKCTIEPUMEHTAIBHO OTPEICICHHBIMUA 3HAYCHUSMH.

%k %k %k
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PA3JIEJI XI11. DJHEPTETUKA

Kommcrparos M.B., Maakuna T.O.
3navenue miaana 'OIJIPO B pa3BuTum 3jiekTpodHepreTuku B Poccuu

Mockosckuii cocyoapcmeennsviii mexnuyueckuu ynugepcumem um. H.O. baymana

(Poccus, Mockea)
doi: 10.18411/1j-08-2021-30

AHHOTAIUA

B nanHo#l craThe uccienyeTcsl 3HaueHHEe IUIaHa rocyJapCTBEHHOM 3eKTpuUKaluu
Poccun B pa3BUTHHM 3JEKTPOIHEPTeTUKH B Hallel cTpaHe. BBIABICHBI OCHOBHBIE (HDaKTOPHI
ycrexa JaHHOrO IPOEKTa KaK KOMIUIEKCA MEpPONPHATHI MO BO3POXKICHHIO HAIIMOHAJIBHOMN
SKOHOMHKH U OOECIICYCHHIO BCEX €€ OTPACJCH JJIEKTPUYECTBOM C TOMOIINBIO PECYPCHOTO
norennuana Coserckoro Coroza.

KiawueBbie ciaoBa: Ilman TODJIPO, osnekrpudukanus, 3JICKTPOTEXHUKA,
HallMOHAIbHAs YKOHOMHUKA, YHEPTEeTHUKA, JIEKTPOCTAHITUS, JICKTPOIHEpTreTHIecKas 6a3a.

Abstract

This article examines the significance of the Russian state electrification plan in the
development of the electric power industry in our country. The main success factors of this
project as a set of measures to revive the national economy and provide all its branches with
electricity using the resource potential of the Soviet Union are identified.

Keywords: GOELRO plan, electrification, electrical engineering, national economy,
energy, power plant, electric power base.

PoBro 100 meT Ha3zam rocynapCTBEHHBIN IUIaH AJIeKTpHUKanuu Poccuu wim TuiaH
I'O2JIPO 6bu1 noctaBnen B.U.Jlenunbim Bo riaBy yria Xl anekTpoTexHUYECKOTo Che3na,
JETalbHO OOCYAMBILErO TMPOEKT IJIAaHOMEPHOW SIeKTpU(PHUKAIMU CTpaHbl U, Ojaroaaps
onobpenuto CoBera HapOIHBIX KOMHCCApOB M ero yTBepxkiaeHuto Ha |1X Bceepoccuiickom
Che37ic COBETOB, MOJIYyYMUJ HEOOXOJUMYIO Uil €ro YCIENIHOW pealu3aluy CHIy 3aKOoHa.
PykoBomurenu, crosimue y pylis OTPOMHOM  CTpaHbl, COTpsAcaeMoil MaciTaOHOMN
I'paxxnanckoi BOWHOW WM MpUIIEAIIEH K SKOHOMHYECKOMY ymnaaky mocie [lepBoit MupoBoit
BOIHBI, C SHTY3Ma3MOM BOCIPUHSIIN U Pa3BUIN UACI0 IOCTPOEHUS U BO3POKACHUS XO35AHCTBA
Ha 0a3e PEeBONIOIIMOHHON AJIeKTpodHEepreTuku. Pa3zpaboTka naHHOTO TUTaHa ObUIa TOpy4YeHa
TlocynapcTBeHHON KOMHCCHU 110 dekTpudukanuu Poccun, KOTOPYyr0 BO3TIIABUI COBETCKUIN
yueHnbii-sHepretuk I.M. KpxmwxkanoBckuid. [1]

JlaHHast cTaThsi TPEACTaBIsIET COOOH MOMBITKY HM3YYHTh CTENEHb BIMSHUS IJIaHA
['OD2JIPO Ha cTaHOBJIEHUE U PA3BUTHE DJICKTPOIHEPTETUKH B HAIIEH CTpPAHE.

Craructuueckue  JaHHbBIE  CBHJETEIBCTBYIOT O  JUHAMHUYHOM  Pa3BUTUU
3JIEeKTpodHepreTuku B Poccuiickoit umnepun BmioTh A0 1917 rona. Tak, k 1913 rony Poccust
npu resepauuu 1,9 mupa. kBr*yac B rox Ha 9537 snexTpocTaHuMsX, 3aHMMala 5 MECTO B
MHUpPE MO KOJIMYECTBY BBIPAOOTAHHOM AJEKTPOIHEPTHH, YCTyHas B 3THUX MOKa3aTeNiaxX JUIIb
CHIA, I'epmanuu, Aurnuu u Utanuu. [2] C konna XIX Beka o 1913 roja kaxasie 1Ba rojia B
Poccun ycnentHo npoBogminchk Beepoccuiickue 351eKTpOTEXHUUECKUE ChE3/Ibl, AESTENbHOCTD
KOTOPBIX TIpEeciieZioBaiia BBICOKYIO LENb DPa3BUTHS DJIEKTPOTEXHHKH, a TaKKe HayKu 00
JJIEKTPUYECTBE M €ro IMPUMEHEHWH B CcTpaHe. braromaps pyccKUM HHXKEHEpam
NIEKTPOTEXHUKaM, B yacTHoctdH, P.O. Kmaccony wu [I'M. KpxukaHoBckomy,
IIPOCKTUPOBABIIMX CTPOUTEIBCTBO TOPOJCKUX  3AJEKTPOCTAHIMM M 3JIEKTPOCTAHIIMI
Tpex(a3zHOro TOKa, SHEProyCTaHOBOK W TEPBOW POCCHHUCKON TOP(SHON 3IEKTPOCTAHIIUH,
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JopeBooIMOHHas Poccust IMHaMUYHO HapaliuBajia SHEpreTUYeCKUil MOTEeHIUal, YCHEIIHO
KOHKYPHUPYSI 110 YPOBHIO OCHAILIEHHOCTH CTaHIUH C 3aMaJHbIMU CTPAHAMH.

PykoBoautenu cTpaHbl, NpUIIeNNINe K BIACTU B pe3yJibTaTe TOCYIapCTBEHHOIO
nepeBopora 1917 roga, CTOTKHYJIHUCH C TIIyOOKUM XO3SWCTBEHHBIM, MPOU3BOJCTBEHHBIM U
SHEPreTUYECKU KPU3UCOM, a TaKKe MOJUTUKO-DKOHOMHUYECKON wu3oJsanuen Poccuiickoit
UMIIEPUU CO CTOPOHBI MUPOBBIX AepxkaB. [3] OaHAaKO Hay4YHbIE M3BICKAHUS M JOCTHKEHUS
HAYYHOM WHTEIUIMIeHIMU Hayana XX BeKa B AJIEKTPOIHEPreTUYECKOM OTpaciu OCTaBUIU
POYHBIN 3a7ell, CTaBIINUNA (YHIAMEHTOM JUIsi BOCCTAHOBIICHUS! HAIIMOHAIBHONH 3KOHOMUKHU C
MOMOIIBIO cTpaTernyeckoro mianupoBanus. [Lran 'ODJIPO nipeacTasisin co6oit mporpammy
BO3POXKACHHSI SKOHOMHUKHU M YHEPreTHUECKOTO X03siicTBa Ha 0a3e MHTEHCU(PUKALUU TPyaa U
OMEepPaTUBHOM ANMEKTpU(DUKAIIMK TPOMBIIIEHHOCTH, TPAHCIIOPTA M CETBCKOTO X034icTBa. [4]
B TI'ocynapcTBeHHYI0 KOMUCCHIO TI0 IeKTpr(HUKAIMK Poccun BONUTH BEAYIIUE CTICIIHATUCTBI
B 00JacTH 3JEKTPOIHEPreTHKH M BJICKTPOTEXHUYECKON IMPOMBIIUIEHHOCTH, MHOTHE W3
KOTOPBIX CYMEIH MPETBOPUTh B KHU3Hb JIOPEBOJIOIMOHHBIC MPOCKTHl H Pa3paboTKH,
npepBaHHbie  CcOOBITUAMH OKTAOpbcKOi peBomtonmu. Tak, P.D. Kinaccony ynmamoch
OCYIIECTBHUTH TMPENIOKEeHHBIN emé B 1916 romy rumpaBiamueckuii crnocod A00b4u TOpda,
NPU3BAaHHBIM  OIIYTUMO  COKpaTuTh mpomecc  Topdopaspabotok Ha Ilatypckoit
AJIEKTPOCTAHIINH.

B coorBercBun ¢ mianom ['ODJIPO 3amadeil mepBOCTENIEHHOW Ba)XKHOCTH OBLIO
CTPOUTENHCTBO JABAALATH TEILJIOIEKTPOCTAHIIMN U JECATU THAPOIICKTPOCTAHIIUN C 00IIei
MOIHOCTRIO 1,75 wmuH. kBT, a Takxke COOpyKEHUE CETH BBICOKOBOJIBTHBIX JIMHUU
AJIEKTpOIepeay, MO3BOJISIONICH epeaBaTh AMEKTPOIHEPTHIO MOCPEACTBOM IICKTPUUECKOTO
toka. CrycTs rojl B cTpaHe Obljia BBEACHA IEpBasi JIMHUS 3JIEKTPOIEpeiayd ¢ HAMPsKEHUEM
110 kB, B 1933 rony — nunus c¢ HampspbkenueM 220 kB, a B nmATHaguaTuiaeTHUH CpoK Ha
tepputopuu Poccuu 6b110 moctpoeHo 40 pailoOHHBIX 2JIEKTPOCTAHIIUN 001IIe MOIITHOCTHIO 4,5
miH. KBt BMecTo 3ammanmpoBaHHbX 30. [5] HeoOXxoaumMo OTMETHUTh, YTO MHOTHE THAPO U
TEIUIOAJIEKTPOCTAHIINH, TIOCTPOCHHBIE TIO TUIaHy TOCYIapCTBEeHHOH annekTpudukanuu Poccun,
IPOJIOJDKAIOT YCIEIHO (YHKIIMOHUPOBATh U B Hamu qHU. Hampumep, Konnonoxckoit ['DC
B 2019 roay ucnonnunock 90 sietT co aHS BBeAeHUs dKcIuTyatamuio no miany ['O3JIPO. Kak
U BO MHOTHX PETHOHAaX, CTPOMUTENHCTBO THMAPOAIEKTpocTaHuU B Kapemuu nano TOMUOK K
MPOMBIIIJICHHOMY — pPa3BUTHIO TOpPOJOB B OTOM pailoHe, TOCKOJBKO 00ecreyuso
AJIEKTPOCHAOKEHNE 3aBOJIOB U MIPEATPUSTHIA.

B pesynbrare maTHaAmaTHIETHEW YIOPHOW paboThl 1Mo peanu3anuu miaHa ['O2JIPO
OBLTM JOCTUTHYTHI CIAEAYIOIINE PE3YIbTAThl B 00IACTH 3JIEKTPOIHEPTETUKH:

1. B 1935 romy nsHepretuka Poccum BbINIIa HAa MEXKTYHApPOIHBIH YPOBEHb,
MOJIHOCTBIO COOTBETCTBYSI MPHUHATHIM cTaHaaptam u, ycrynuB CHIA u
['epmanuy, 3aHss1a TPEThE MECTO B MUDE;

2. OGmarojaps HaJAKEHHOMY IPOHM3BOJICTBY HEOOXOJMMOTO JHEPTreTUYECKOTO
000pyIOBaHUS Ha OTEYECTBEHHBIX MAITMHOCTPOUTEIBHBIX 3aBOJIaX CTpaHa
nepecTana 3aBUCETh OT MMIOPTHBIX TOCTaBOK. Tak, HWHXKEHEPHI-
AJIEKTPOTEXHUKH 3aBojia «DJIEKTPOCUJIA», TPYASICh HAa HW3HOC, BOIPEKH
CKENTHYECKOMY OTHOILICHHUIO KOHKYPHUPYIOIIEH OpraHu3aluu, CyMelu
paspabortarh rumaporenepatopsl ¢ KII/] BbIme, uem y MIBEICKUX aHAJIOTOB U
HAJTAIUTh TMPOU3BOJACTBO HEOOXOAMMOTO OTEYECTBEHHOTO OO0OpYI0OBaHMS,
yeM 00€CTIeunTi TTOJTHOE UMITOPTO3aMeIeHue [6];

3. TEXHOJOTHYECKHE TMPEANPUATHS BBIIUIM HAa HOBBIM YPOBEHb Onaromaps
MEePEBO/Y MPOMBIIIJICHHBIX MAILIMH Ha 3JEKTPOINPHUBO/I;

4. Oputa obOecreueHa BBHIPAOOTKA JHEPTUH, KOJIUYECTBO KOTOPOW IO3BOJIHIO
pa3BUBATh U OCBAMBATh YHEPrOEMKHE MPOU3BOACTBA TaKHe, KaK METaJLTypris
Y aBTOMAaTU3HPOBATH CEIBCKOE X035UCTBO;

5. ObUT CO3MIaH «HAY4YHO-HCCIIeIoBaTeNbCKUi (PpoHT sHepreTtukm». [7 C.61]
OcHoBaHBl [IBa DJHEPTeTUYECKUX BBICIIUX Y4YeOHBIX 3aBeneHusi: MDOU
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(MOCKOBCKHIA SHEPreTHUYECKUN WHCTUTYT, 0Opa30BaHHBIN, B YaCTHOCTH, Ha
0aze oanekrporexHudeckoro (akympreta MBTY wum. H.D. baymana) wu
DHepreTu4ecKuil WHCTUTYT, KOTOpPhlE€ TOTOBUJIM UM BBIMYCKAINU JIydllIUe
Hay4YHbIE U HH)KCHEPHBIC KaJIphI. [§]

Ha cerogHsmHuii A€Hb CIOXKUBILASCS €IWHAs SHEPreTHYecKas CUCTEMa Halllei
CTpaHbl TIO3BOJIAET €M YCIEIIHO KOHKYPUpPOBaTh C BEAYLIMMH MHUPOBBIMU JEp>KaBamH.
bnarogaps pa3BUTOMY 3JIEKTPOIHEPIeTUYECKOMY KOMIUIEKCY, cocrosimiemy wu3 880
JIEKTPOCTAHIIUIN 001Iel MOomHOCTRIO 245 313,25 MBT, BeIpabaThIBAIONINX OKOJIO TPHJUTHOHA
KBt/4 B rom, Poccuiickas ®enepamus 3aHuMaer 4 MECTO B MHpPE IO IPOU3BOACTBY
anekrposnepruu, ycrynas Kuraro, CHIA u Maaun. B 2000-x rogax oco60e BHUMaHHUE B 3TOH
KIIIOYEBOM OTpaciu DSKOHOMHUKU YIEJSUIOCh MpoOsieMe MOIKIIOYEHHs] MOTpeduTeneit
DJIEKTPOIHEPTHH K DIICKTPUUICCKUM CETsAM. B pesynbrare akTUBHON paboTHI B 3TOH o0nacTu B
2019 rogy Hama ctpaHa, HOAHSABIIKCH HAa 181 MyHKT, 3aHsia 7 MeCcTO B pedTuHre ['pyniibl
Bcemuproro ©Oanmka Doing Business mo 1mokasaTelro IMOAKIIOYEHHS K  CHCTEME
3JIEKTpOCHAOKEeHUsI HaceleHus. [9]

Takum oOpazoM, aep3kuii, MacmITaOHbIA TU1aH AekTpudukanuu Poccun, umeBmmit
TaKXKe TMOJIUTUYECKYIO TMOAOIUIEKY, CBOMM YCIIEXOM MO3BOJIMJI MOJUTUYECKOW DIIUTE
o0ecreunTh KOMIUIEKCHOE PAa3BUTHE HAPOJHOTO XO3SIMCTBA M CO3JaHHE MOIIHOM U
MOTCHITHAIBHO CTAOMIIBHOM 3JIEKTpOdHEpreTHdeckoil 0a3wpl crpanbl. I[lnman ['ODJIPO kak
KOMIUIEKC MEPOTIPUATHI TIO OTPACIEBOU NMEKTPUPHUKAIIUU CEIBCKOTO X035UCTBA, TPAHCTIOPTA
U MPOMBIIIJICHHOCTH Jall TOJYOK PAa3BUTHIO IIEKTPOTEXHUYECKUX HAYUYHBIX AMCLUUIUIMH U
M3YUYEHUI0O HOBOM BETBH HAYKM — SHEPIreTUKU. BbUIM OCHOBAHBI NEPBbIC HYHEPreTUUYECKHE
BBICILIME 3aBEJICHUS, CO3JaBLINE YCJIOBUSA JUIS IPEEMCTBEHHOCTH 3JEKTPOTEXHUYECKOTO
oOpaszoBanusi, Bo3BeAeHbl paiionHsie [DC wu TOC, mnaTrpuoTHYECKH  MOABEM
JMEKTPOTEXHUKOB, OCO3HABABIIMX BAXXHOCTh BO3JOXKEHHBIX Ha MX IUIEYH 3ajad,
rapaHTUPOBaj MPOU3BOJIUTEIBHOCTh TPy, B pa3paboTKe miiaHa ObUT 3aJCHCTBOBAH BECh
I[BET COBETCKOW HAyYHOM MHTEJUIUTEHIINH - BCE 3TH (aKTOPBbI, CBSI3aHHBIE C OCYIIIECTBICHUEM
wiana ['ODJIPO, npenonpenennian ycnenHoe pa3BUTHE EKTPOo3HepreTuku B Poccum.
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PA3JIEJI XIV. UHOOPMAIINOHHBIE TEXHOJIOI'MU

Honsixkosa U.C.
CucreMHBIH aHAJIN3 B3aMMOCBSI3U MH(ISIHOHHBIX NPOLECCOB U KJIIYEeBOH CTABKH

Kybancxuii cocyoapcmeenmviti mexHoio2udeckKull yHusepcumem
(Poccus, Kpacrooap)
doi: 10.18411/1j-08-2021-31

AHHOTaNUs

B crathe n3ydeHa B3auMOCBSI3b KIIFOYEBOM CTaBKH B Poccuu 1 HHGISAIIMN — KITIOYeBas
CTaBKa «IpPUBS3aHA», «CleayeT» 3a uHIeKcoM uHOpmamuu. Ho wuHorma koadduiueHT
UHOIAIUA SBISETCA «Pa3ayThIM», <JIOXKHBIM», BO MHOTOM OIPEAEICHHBIM ICHXOJIOTHEH
MIPOU3BOAMUTENICH TOBAPOB M YCIYr, a HE peajJbHbIMU PBIHOYHBIMU Ipoleccamu. MIMeHHO
M03TOMY HEOOXOJMMO «OTBA3aTh» KIIOUEBYIO CTaBKy OT Kod(pduuueHta MHGIAIUH, a HE
«CIIETIO» KPYTUTh €€ BBEPX 32 POCTOM LIEH.

KioueBble cJjioBa: CHUCTEMHBIM aHanu3, WHQIANWA, KIOYEBas CTaBKa, CTaBKa
peduHaHcHpoBaHus, JIokHas HHGIAIMOoHHAsA cnupans (JIMC).

Abstract

The article examined the relationship between the key rate in Russia and inflation —
the key rate is «tied», «follows» the inflation index. But sometimes the inflation rate is
«bloated», «false», in many ways it is caused by psychology of producers of goods and
services, and not by real market processes. That is why it is necessary to «untie» the key rate
from the inflation rate, and not «blindly» spin it up behind rising prices.

Keywords: system analysis, inflation, key rate, refinancing rate, false inflation spiral
(LIS).

JleHexKHO-KpeIUTHAsT TMOJIMTHKAa TOCYJapCTBa — O3TO IOJUTHUKA TIOCYyJapcTBa,
HalpaBJIeHHas Ha IICHOBYIO CTA0MJIBHOCTh. 3a JCHEKHO-KPEIUTHYIO MOJMTUKY OTBEYAeT
IlenTpobank PO.

KiroueBasi craBka — OCHOBHOM MHCTPYMEHT JIEHEXHO-KPEAUTHOM MOJMUTUKHA baHka
Poccnn. KiroueBast ctaBka — 3TO IpOLEHT, nmoj KoTopeli LleHTpaneHbii baHk Bblmaer
KpeIuThl KOMMEpPUECKUM OaHKaM M NMPUHUMAET OT HUX JEHbIM Ha Aeno3uTsl [1]. KiroueBas
CTaBKa XapaKTEpPU3yeT HaIPABIECHHOCTh JEHEKHO-KPEAUTHOW NOIUTUKH lleHTpanbHOrO
banka [2]. KnroueBast craBka LIb ceifuac — 3TO MHCTPYMEHT JI€HEXHO-KPEAUTHOM MOJINTUKH,
KOTOPBI BO MHOT'OM HE YYUTBIBAET UHTEPEChl 0AHKOBCKOTO CEKTOpA.

CornacHo KiaccH4eckoil IIKose, KitoyeBas CTaBKa BiIMAeT Ha mHGuAnuio: eciau L1b
MIOJIHUMAET CTaBKy, TO JEHbI'M B CTpPaHE CTAHOBATCS JOPOXKE, IMOBBIIMIAKOTCA CTABKH IIO
KpeIuTaM M JeTo3uTaM, 3HAuuT, MOCTENEHHO JIOJU MeHbIIe OepyT KpeauToB, OoJblie
cOeperaroT Ha BKJIa/lax, )KUBYT Ha MPOLEHTHI, CJIEJJOBATEILHO, CHUKAETCS CIIPOC Ha TOBaphl U
YCIIyTH, LEHBI MOCTENIEHHO MEPEeCTaloT pacT, 3aMmeisercs unusiuuio [3]. OToT mporecc,
0e3yCIIOBHO, SIBJISETCS PACTIHYTHIM BO BPEMEHH.

HaoGopoT, npu CHIKEHUH KIIOYEBOM CTAaBKU JEHBI'M B CTpaHE CTAaHOBSTCS JEIIEBIIE,
CHIDKAIOTCSI CTaBKU 110 KpeIuTaM U Jieno3uTam, 6epyT Oosbile KpeauToB. bonbie TpaTsaT Ha
TOBapbl M YCIyrd, MEHbIIE cOeperaloT Ha OaHKOBCKMX Bkiajax. [loBwlmaercss crnpoc Ha
TOBapbI U YCIIyTH, NOBBILIAETCS OOLUI YPOBEHD LIEH U YBEITUUHUBAETCS YPOBEHb HH(IIALINH.

Ho undnanuto ObiBaeT m0xHO [4], 00yCIOBICHHON NMCUXOJOTHENH MPOU3BOIUTENCH.
[Ipu BBICOKMX WHQUIALMOHHBIX OXHIAHUAX TPOU3BOAMTENH «3aKJIAJBIBAIOTY) WHJICKC
UHQIALUN B ce0ECTOMMOCTb CBOEH NPOMYKIUH, TEM CaMbIM HCKYCCTBEHHO BBI3bIBas pOCT
IICH, CJIEJIOBATENIbHO BO3HUKAET «3(dext noxHoi mHbmsmmonHoN crmpamm» (JIUC) [5].
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MaccoBblii pOCT 1IEH Ha TOBAapbl MPUBOIUT K «UHQIISIITUOHHOW JIOBYIIKE», NaJbHEUIIEMY
pOCTy KJIIOUEBOM CTaBKHM, 4YTO OISTh IPUBOAUT K IOCIEIYIOIIEMY pOCTY LEH U T.A.
JanpHeHmuii pocT IIeH BBI3BaH WHEpIMend WHOIAIMMOHHBIX mporeccoB. LleHsl pacTyT mo
UHEpIUH, U TpeOyeTcs BpeMs A MX 3aTyxaHusd. Ecnu mpu 3ToM He OyJeT MocieayIonero
pocTa KJIFOYEBOW CTaBKH.

Takum oOpazoM, HHDIAIMS 3a9acTyi0 00YCJIOBIIEHA MCUXOJIOTHEH MPOU3BOIUTEICH,
KOTOpBIE, MOJAJIABIINCh BBICOKMM HWHQUISILMOHHBIM OXUAAaHUAM, noja Biausauem CMU,
NOBBIIIAIOT 1LIEHBl HA CBOIO MPOAYKIUIO, HE HMES Ha 3TO pEealbHbIX AKOHOMUYECKUX
OCHOBaHUM, 005Ch Ma/IeHUs JOXO00B B OyAyIIEeM K3-3a CHIXKEHHS CIIpOca Ha CBOM TOBAapHI.

B wurore HaumHaeTrcs MacCOBBIM IICMX03 POCTA LEH IIPU POCTE KIKOYEBOM CTABKH,
MPOU3BOJUTENIN HEOOOCHOBAHHO «3aKJIAJbIBAIOT» HHAEKC HMH(IAUMKM B Cce0eCTOMMOCTh
IPOAYKIIMH, HE UMESI Ha 3TO PEAJIbHBIX OCHOBAHUMU.

A pOCT KIIIOYEBOM CTaBKM, HE MOJKPEIUICHHbI peallbHbIMH HSKOHOMHUYECKUMU
TEHACHLIMUSIMH, MUMEET OTPOMHBIE IOCIEACTBUS s SKOHOMHUKH. DTO pPOCT KPEIUTHBIX U
0aHKOBCKUX CTaBOK, 3aMeljieHHEe AKOHOMHUKH. CHHXKEHHE MOKYMaTeIbCKOM CIOCOOHOCTH
HacesieHus. [Ipexxae yeM yBeanunuBaTh KIIOUEBYIO CTABKY, HAJ0 MOHATh IPUYMHBI POCTA LIEH.
Bo3MOXHO, 3TO aAHOCTh WJIM CTpax IMPOU3BOJIUTENIEH TOBAPOB U YCIYr MOTEPSTh CBOU
noxozsl. Toraa B pocTe KIIFOYEBOM CTaBKU HET HEOOXOAUMOCTH.

B wutore exeronHo Ha WHAEKC WHQISAIMN KPYMHbIE HPOU3BOIAUTENIN BBIHYKICHBI
MHJIEKCUPOBATh 3apabOTHYIO IUIATy PaOOTHUKAM, YTO MPUBOJUT K TOMY, YTO Ha KPYIHBIX
¢upmax paboTaeT MHUHUMYM Y3KOKBAJIW(UIHMPOBAHHBIX COTPYJHUKOB, MHOTHE OTIEIIbI,
TaKkue, HampuMmep, Kak OyXranTepuss W MapKETHHT, YXOAMT B KOHCAJITHHT, Belb
KOHCQJITUHTOBBIM (UpMaM He HaJI0 €XKEroJHO HHAEKCHUpPOBaTh 3apabOTHYIO ATy,
JIOCTATOYHO 3aKIYUTh MPaKAaHCKO-IIPABOBOM J0IOBOD.

Taxxke exeromno pactyt Tapudsel KKX Ha HE0O0OCHOBaHHBIN, HCKYCCTBEHHO
packpydeHHbIH uHAEKC HHQmsAmuu. M XOTs LeHbl Ha TOBaphl M YCIYTH IO/ BIUSHUEM
PBIHOYHBIX MEXaHH3MOB MOTYT OBITh CHIIKEHBI, TO 3apriaTta padounx u Tapudsl KKX yxe
HeT. TeM caMbIM UJET MOCTETIEHHOE HEOOOCHOBAaHHOE YI0PO’KAHUE KU3HU.

Ecnu moHUMaTh «JI03KHBIE» «IICUXOJOTUYECKUE» MPUUYUHBI WHEOISAIUN, TO OTHaaaeT
HEO00XO0MMOCTh UHAEKCUPOBaHUs 3apaboTHOM 1u1aThl ¥ Tapudos KKX.

KiroueBasi ctaBka He J0JDKHA OBITh MPUBSA3aHA K MHIEKCY MHQIISIHMHU, TOTOMY YTO
NOCTETHUI HE BcerJa OOYCIOBIEH TEHACHIMSMH B HKOHOMHKE, a HAaMHOTO 4Yalle
MICUXOJIOTHEH YYaCTHUKOB PBIHKA, IPOU3BOIUTENISIMH TOBAPOB U YCIYT, MACCOBBIM TICMX030M
pocta meH. Tak kak wWHAEKC WHQIALAU HE OOYCIIOBJIEH PHIHOYHBIMH IPOILECCAMHU, MBI HE
MO’KEM IMPUBS3BIBATH K HEMY KITFOUEBYIO CTaBKY M 0€3)KaJlOCTHO KPYTUTH €€ BBEPX MPHU POCTE
ko2 punrenTa nHpIAINN (PUCYHOK 1).

Poct nnnekca Poct xiroueBoit
UHQIAITIT CTaBKHU

Pucynox 1. Bzaumooeticmeue unoexca uHaayuu u Kiroueol cmasKu

KaK MO>KHO IIOBBIIIIATH KJHO‘-IGBYIO CTaBKy, OCHOBHOﬁ I/IHCTp}/MeHT JCHCXKHO-
kpenuTHOW monuTuku LB, moamaBmmmces MaccoBOMy Incuxo3y pocta leH? I[lpousBoautenu
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«KpYTAT» LEHbl BBepX, LIb «KpyTWT» BBEpX KIIOUEBYIO CTaBKy, @ B HTOI CTPadacT
0AaHKOBCKHUI CEKTOpP U OOBIYHbIE TOTPEOUTEINH.

Pocr ximroueBoit ctaBku lleHTpOoOaHKOM MPUBOIUT K TI00ATBHBIM IOCIECACTBUSIM B
OKOHOMHUKE: OBICTPOMY pOCTYy CTaBKM MOTPEOUTENHCKUX U HUIOTEYHBIX KPEIUTOB,
MOCTENIEHHOMY POCTY OaHKOBCKHX BKJIaJ0B. TeMm caMbIM 3aMeJIIeTCs IKOHOMUKA, KPEIUThI
CTaHOBSTCS MEHEE BBITOJHBIMH, CTPANalOT KaKk OAaHKOBCKHH CEKTOp, TaK W OOBIYHBIC
norpeburenu. baHKOBCKUN CeKTOp CTpadaer, HOTOMY 4YTO CHID)KAeTCs CIOCOOHOCTh
HACEJICHUsI OpaTh KPEAUTHI, B UTOTE CHIKACTCS YPOBCHb KPEIUTOBAHUS HACEICHUS, ATA0T
0X0/1bl 0aHKOB. J{7151 OOBIYHBIX OTPEOUTENIEH TOBAphI CTAHOBATCS JOPOKE.

HeobxommMo «OTBsI3aThy» KIIIOUEBYIO CTaBKy OT HHJekca uHGusiuw. [lotromy uTo
OCHOBHOM MHCTPYMEHT JEHEXHO-KPEIUTHON IMOJUTHUKU FOCYJapCTBA HE MOXKET 3aBUCETh OT
TICUXOJIOTHH [TPOU3BOIUTENCH, UX KAJHOCTH WU CTpaxa MaJeHHsI IOXOJI0B B OyIyIIEM.

Tak kak (axTopsbl, BAUsOIME HA UHOIALUIO, 3a4acCTyl0 OBIBAIOT «JIOKHBIMHUY», HE
00yCIIOBJICHHBIMU 3KOHOMHYECKHMH IPOLIECCAMH, I03TOMY HeT Heooxoaumoctu [Ib
HEMEJIEHHO KPYTHUT KJIIOYEBYIO CTAaBKy BBEPX IpPU MOSIBICHUU MHPOPMAIMU O POCTE LEH.
Pazornannast jjoHHas WHOISIUOHHAS CIHPaATb TMOCTENEHHO 3aTyxaer. Ho ee mociencTBus
€lIe JI0JIT0 YyBCTBYIOTCSI B 3KOHOMHKE — BBICOKHE KPEIUTHBIE U UIIOTEYHbIE CTABKU, HU3KAs
MOKYyTaTeIbCKast ClIOCOOHOCTh HACEICHUSI.

Ceiiuac craBka peduHAHCHUPOBAHHMS paBHICTCS KIO4YeBOM craBke. (CTaBKa
peduHaHcupoBaHusi cymecTBoBania 10 2013 roma u MeHsuach pa3 B roJl B OTJIMYUE OT
KJIFOUEBOM, KOTOpPAasi MEHSETCS BOCEMb pa3 B rof. brarogaps BBEIEHHUIO KIHOYEBOM CTaBKE
nonutuka LB crama odeHb ruOKOW, HO CKAYKOOOPa3HBIM POCT WM TAJCHHUE KIFOUEBON
CTaBKU CYLIECTBEHHO yAapseT 10 0AaHKOBCKOMY CEKTOpY, IO BeIHMYMHE 0AHKOBCKHUX BKIJIAJIOB
U BBIIJIAYMBAEMBIX TMPOIECHTOB. BO3MOXKHO, MEHEe 4acToe M3MEHEHHE KIIIOYEBOM CTaBKHU
npuBeneT K OoJbIIel CTaOMIBHOCTH SKOHOMMKH, B YAaCTHOCTH, MEHEE 4YacTO H3MEHEHHUE
KITFOYEBOW CTaBKH OynieT 60Jiee TOYHO OTPaKaTh IKOHOMHUYECKHE MPOIIECCHI B CTPAHE.

KiroueBasi cTtaBka — 3TO MHCTPYMEHT BO3ACHCTBUS Ha 3KOHOMHUKY CTpPaHbl M, B
YaCTHOCTH, Ha ypoBeHb MHGUIsIIIH. Ho ecriu MHQIISIHS «T10KHAs», MOKET OBITh, HA HEe He
CTOUT BO3JeHCTBOBATH? [loCcTENeHHO, €Ciii €€ He MOTOHATh POCTOM KIIFOYEBOM CTaBKH, OHA
3aTyXHET caMa MOJI BIUSIHUEM PBIHOYHBIX MEXaHU3MOB.

[Monutuka llentpoOanka AOMKHA OBITH OCTOPOKHOM, MOTOMY 4YTO OT pOCTa WU
MaJICHUs KIIFOYEBOM CTaBKU HANPSIMYIO 3aBUCAT CTABKU 10 KpPEIUTaM M BKJIaJaM, a, 3HAUUT, U
JOXOJIbI HaceJIeHHsI U OAaHKOBCKOTO CEKTOpa.

Takum 00pa3oM, MOXHO cJenaTh BBIBOJ, 4YTO MbI OTJA€M Ba)KHEUIIUN
SKOHOMUYECKHM TMOKa3aTelb, YPOBEHb KIKOYEBOM CTaBKM, HA OTKYH IICHUXOJIOTHUU
npousBoguTeneil. KirodueByro CTaBKY CIEQyeT «OTKPENUTh» OT HWHACKCA HWHQIAIUUA U
MOBBIIIATH TOJBKO B CITydae pocTa 0OBEKTUBHBIX IKOHOMUYECKHUX MoKa3areneil. Heobxonumo
YYHUTHIBATh JIOKHYIO WHQISIIIHOHHYIO CIIHPaNb, BEb MOCTOSHHBIA POCT KIFOYEBOW CTaBKH,
KaK BaXHEHIIIETO YKOHOMUYECKOTO IMOKa3aTessi, UMEET OTPOMHBIC MOCTEACTBUS, B TOM YHUCIIE
U 151 0AHKOBCKOTO cekTopa. HeT HeoOX0AMMOCTH MOCTOSHHO MOBBIIIATH KIIFOUEBYIO CTaBKY
3a «JIOKHBIM» POCTOM II€H, 3Hasl, YTO IMOCJEICTBHUS €€ POCTa UMEIOT OTPOMHBIC 3HAUCHUS -
BBICOKHE KPEAWTHBIE W WIOTEYHBIE CTaBKH, POCT MPOIIEHTOB MO OaHKOBCKUM BKJIaJaM,
CHIDKEHHUE TOKYIATeIhCKOW CIIOCOOHOCTH HACENICHUS, 3aMeJJICHHE PKOHOMHUKH, CEPbE3HBIC
MOCTEACTBHYS 17151 0aHKOBCKOT'O CEKTOPA.
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AHHOTALUSA

PaccmarpuBaroTcsi ocoOeHHOCTH pabOTHI Kadeap, OCYMIECTBISIOMUX TpaGruecKyro
MOJITOTOBKY B TEXHUYECKUX YHHMBEPCHTETAaX: PECYPChI, BBIICICHHbIE HAa KOMIIBIOTCPHYIO
rpaduKy; TEXHOJOTHH OOYYCHHS; KPUTEPHUU OIEHKH KadecTBa OOy4eHHs. V3TOXKEeH OIbIT
pa6oter BI'TY « BOEHMEX)» B nanHoii chepe.

KiroueBble cjioBa: KoMIbIOTepHas Tpaduka, MPOSKTHOE OOyYeHHE, TEXHOJOTHS,
KOMIICTCHIMH, Ka4eCTBO.

Abstract

The features of the work of departments that carry out graphic training at technical
universities are considered: resources allocated to computer graphics; learning technologies;
criteria for assessing the quality of education. The experience of the BSTU "VOENMEKH" in
this area is described.

Keywords: computer graphics, project training, technology, competencies, quality.

dopmupoBanue 0a30BBIX HABHIKOB HWHXKEHEPHOW JEATEIBLHOCTH JIGKUT B chepe
OTBETCTBEHHOCTH Kadeap, 00eCneurBamuX rpa@uuecKkyto IMOATOTOBKY B TEXHHUYECKUX
YHUBEPCUTETaX, KOTOpas OCYIIECTBISETCS HAa IMEPBOM U BTOpOM Kypcax. ObecrneueHue
JOJIKHOTO KauecTBa 00y4eHHsI B CTECHEHHBIX, 110 BpEMEHHBIM pecypcam, YCIOBUSM — BECbMa
cinoxHas 3amada. B ¢opmare BosioHckoro mporecca NOCTOSHHO MIYT HCCIEIOBaHUS B
obnactu obecreuenus kadectsa [1]. Tombko 3a 2006 — 2016 roasl COCTOAIOCH OAMHHAAIATH
EBponeiickux ¢popyMoB 1o JaHHOI mpodiieme.

«KauecTBo» - MHOrOorpanHoe noustue. Kak ormeuaercs B [1] aeduHunmii kauecTna
BBICIIETO 00pa3oBaHUs, KaK MHUHHUMYM, CTOJIbKO JK€, CKOJIbKO HMEETCS KaTeropuil
3aMHTEPECOBAHHBIX CTOPOH.

Cpenu GONBIIOTO0 MHOTO0OpAa3wsl BOIPOCOB OOECIICUEHHUsT KadecTBa HAC B JIAHHOM
cinydae Oy/eT MHTEpecOBaTh KOMIETEHTHOCTHBIN U Pe3yJIbTaT-OPUEHTHUPOBAHHBIN MOIXOIBI K
ouneHke ¢ ¢eKkTUBHOCTH (KauecTBa) oOydeHHs. B 3ToM ciyyae TJIaBHYIO pOJb HIParOT
MOHHUTOPHHT U ayJIUT HA OCHOBAHUU OMHCAHUS OXKHUIAEMbIX PE3yJIbTaTOB O0yUEHHUs C YUETOM
BPEMEHHBIX PECYPCOB JUIsl 00YUYEHUS U aKaJIEMUYECKOTO KOHCYJIbTUPOBAHHUS.

PaccMoTpuM BpeMeHHbIE pecypchl, OTBEAEHHBIE IS U3YUYEHHS TpaduKu KaK TaKOBOU
U KOMIIBIOTEpPHOM TIpaduKM B YACTHOCTH. 3aMeTuM, 4TO boJloHCKOe coriaiieHue
CIOCOOCTBOBAJIO CBEIEHUI0 K MHUHHUMYMY HAlWYHs CIENHMATUTETa B TEXHUYECKHX BY3aX.
Oco0eHHO B T€X, KOTOpPbIE CTPEMSTCS MONAacTh BO BCEBO3MOKHBIE 3apyO€KHbIE PEUTHHTH.
[TonsiTHO, YTO pecypchl s OakanaBpuaTa OKa3bIBAIOTCS CYIIECTBEHHO CKpOMHEE, YeM JUIs
cnenuanurera. JlanHas nmpobiema goctaTouyHo MHOro ocsemaercss B BAKoBckom xypHaine
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«I"'eomerpust u rpaduka». B crathe [2], ormeuaercs, uro coriacHo PI'OC BBITyCKHUK
JOJDKEH yMETh pPEllaTh «3aJadyd IPOEKTHBIX NPOLEAYyp» NPAaBUIBHO, B COOTBETCTBHM C
TpeOOBaHUSIMU HOPMATHBHBIX JIOKYMEHTOB, OQOPMIISITH MPOEKTHYIO JOKYMEHTAIUIO,
UCIONIb30BaTh  KOMIBIOTEPHBIE ¥ WH(POPMALMOHHBIE  TEXHOJIOTHUH, CpeacTBa
ABTOMAaTU3UPOBAHHOIO IPOEKTUPOBAHMS. DTO OCHOBA IPECIOBYTOTO KOMIETEHTHOCTHOTO
nojaxo/aa K o0y4eHHIo, B OCHOBE KOTOPOTO JieKaT TpeOOBaHUS HEKMX paboTojaresieid, a He
HayyHOEe 00OCHOBAaHME HAJIMYHUS HEOOXOAUMBIX 3HAHUM, YMEHHM, HABBIKOB, HE OTPHULIAIOIINX
Y BJIaJICHU.

MuUHUCTP TPOMBIIIJIEHHOCTH U TOProBiu Jl. MaHTypoB B CBO€il 3HAMEHUTOMN JICKIIMHU
[3] orMeTHnm HEOOXOIUMOCTH IIUPOKOW Pa3sHOCTOPOHHEH IMOATOTOBKM COBPEMEHHBIX
uHxkeHepoB. OpHako He Jan pPEKOMEHJAUuMid Kak 3TO OCYIIECTBIATh B  YCIOBHUSAX
KOMIIETEHTHOCTHOTO 00yYEHUSI.

OpHUM U3 CIENCTBUIN TaHHOM MACOJIOTHH SBISETCS YOSKIEHHOCTh CTYIACHTOB B TOM,
YTO €CTh HY)KHbIE U HEHY>KHbIE IpeaMeTsl. Onpoc CTyJEHTOB, IPOBEAEHHBIN aBTOpaMu [4],
nokasaj, Hampumep, 4ro Oojee mIyOOKOe H3y4YeHHE KOMIBIOTEPHON rpaduku
NPUBJIEKATEIBHO TOJBKO ISt 32% CTyAEeHTOB. DTO il OyAyIIUX CIEUATUCTOB B 00JacTh
a9POKOCMHUYECKOU MPOMBIIIJIEHHOCTH!

[Ipu sTom BbIsIcHSETCS, 4TO 35% NEPBOKYPCHUKOB I'paMKU B IIKOJIE HE U3ydyalld
(maxxe B paMKax AUCHMILTUHBI « TexHonorus»), 96% He u3yuyanu KOMIbIOTepHOI rpaduku. 1
BOT, JUII pa0OTHI C TAaKUM KOHTHHTeHTOM, B [lepmckom Harmonansnom MccnenoBarenbckoM
[TonutexHnyeckoM YHHBEpCHUTETE ISl MOJATOTOBKM CHELUAIMCTOB JJIsi a9POKOCMHYECKUX
oTpaciieil OTBOJUTCS: B MEpBOM cemecTpe 18 wyacoB nekuuii u 22 yaca NPaKTHUYECKUX
3aHATUN; Ha JIabOopaTOpHBbIE 3aHATHUSA IO KOMIIbIOTEpHOW rpaduke 8 wyacoB. OcTanbHOE
INPUXOJUTCS HA CaMOCTOSTENbHYI0 paboTy. Kak B Takux YCIOBHSIX OpraHu30BaTh
3¢ exTUBHBIN yUeOHBIN TPOIIECC U OIIEHUTh KaueCTBO — OOJIBIION BOIIPOC.

[lo nHameld mHpOpManuMu B HACTOSIIEE BpeMsl NpuemiieMas ayAUTOpHas Harpys3ka
umeercs B MI'TY um. baymana, Cankt-IletepOyprckom ['opHoM yHuBepcutere, Boenmexe.
B »tux yHuBepcurerax, Omarogaps TOIJEPKKE PYKOBOAMUTENEH — MpeacTaBUTeNe
OTEYECTBEHHOW WHXEHEPHOM IIKOJBI, OTBOAUTCS TPU CeMecTpa Ha TpadUyecKyro
noarotoBky. Ilpuuém, 0a3oii sBisieTcs HauepTaTelbHAsh TEOMETpHUs, BBITECHSEMas U3
y4eOHOro mpolecca BO MHOTHX JAPYTrux yHHBepcutTeTax. [loTepss TeopeTmueckoi Oazbl
NPUBOJIUT K TIOTEPE CaMOCTOATENLHOCTH Kadeap [5] v mpeKkpalieHnIo X CyIeCTBOBAHMS KaK
CaMOCTOSITEJIbHBIX €MHMUII.

Uro KacaeTcsi aKaJeMHYeCKOTO KOHCYJIbTHPOBAaHMS, TO OHO CBOJAMUTCA K
JIOTIOTHUTEIHHBIM 3aHATHUSAM, HAMIPABJICEHHBIM HA JTUKBUIAIUIO c1a00i1 6a30BOI MOJATOTOBKU U
TPaJULIMOHHOMY KOHCYJBTUPOBAHHUIO II€JIb KOTOPOIO — MOMOIb B BBIIOJHEHUU TEKYLIUX
3aJaHUH.

He cmotpst Ha kpaiiHe OeIHBIN ayIMTOPHBIA pecypc, psll YHUBEPCUTETOB HUCIIOJIb3YET
Ha HA4YaJIbHOM cTaguu 00yueHUsl HECKOJIbKO rpaMuecKUX MaKkeToOB, YTO TOJbKO yBEIUYUBAET
Harpy3Ky Ha 3Tal caMoCTOATeNbHOM paboTbl. C ydyéToM CaHKIMM, MpobieM, CBA3aHHBIX C
KOpPOHaBUPYCOM, HamOojee paluoHaJbHBIM, Ha Hall B3IJIA, SIBISETCS HCIOJIb30BaHUE
orevyecTBeHHOH pazpaborku komnanuu ACKOH «Kommnacy.

B Takux CTeCHEHHBIX YCIOBHUSX BO3pacTaeT poJib OPraHU3alUU JIEATEIbHOCTH
YYaCTHMKOB 00pazoBaTeNbHOro mpouecca. B [2] nemaercs mombITKa yBsi3aTh Mpolecc
00y4eHHs KOMIBIOTEPHOU TpaduKe ¢ COBPEMEHHBIMH IMOAXO0JaMU K MpoekTupoBanuio. [lo
JlxoHCy [6] HpOEKTUpOBAaHME — MBICIUTENbHAs M IpaKkTUYecKas JeATENbHOCTh I10
OTIpEICTICHUIO0 OOIMX IeJIeH W XapakTepa JIF0OOW IesATEIbHOCTH, JIeXKaIleH B OCHOBE BCEH
CO3MJATENbHOM, NpeoOpa3oBaTEIbHOW MPAKTUKM U BKIIOYEHHOM B OOLIyI0 CHUCTEMY
o0IIEeCTBEHHOTO MpPOU3BOJACTBA. M3 ompeneneHus ciaeayeT, YTO TMPOEKT — MpaKTU4ecKas
JESTENBHOCTD, T.€. IIPOLIECC.

OnmHako aBTOPHI  HUCMOJB3YKOT TEPMHH IMPOEKTHO-TPOIECCHBI momxon  [2],
paccMartpuBas MpOLECC MPOCKTUPOBAHUS KAK HEKUM YEPHBIN SALIUK HA BBIXOJE U3 KOTOPOTO,
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Osarozapsi HEKOTOPBIM IIpolieccaM IOJy4aeTcss roroBas Hmpoaykuus. B uém 3aximtouaercs
COBPEMEHHBIN MOAXO0/ K MPOEKTUPOBAHHIO U YUeOHOMY MpoIieccy OcTaéTcst HesiCHbIM. Pa3Be
YTO BBICTPOCHHBIE B HEKYIO IIETOYKY MPOCThIE 3aJaHUS C MPUMEHEHHEM TIpapuuecKux
nakeToB. [TaBHBI HEIOCTATOK MJAHHOTO TMOAXO0Ja K 00pa3oBaHMIO HE COUYMHEHHE U
MCIIOJIb30BaHUE HOBBIX TEPMUHOB, a OTCYTCTBHE TBOPYECKOTO MOAXOAA CTYIEHTa K IIPOEKTY C
UCTIOJIb30BaHUEM I'pa(UuecKOro Mmakera Kak HHCTPYMEHTA.

Ecnn no mpumepy paccMOTpeHHOW pabOThl 3aHATHCS TEPMUHOJOTHEH, TO CledyeT
YUYeCTb, UTO 3aBEPIIEHHOCTh MPOEKTa orpeensercs Tpems dazamu [7]:

e [IpoexTtupoBaHue, pe3yibTaTOM KOTOPOTO SIBJISETCS IIOCTPOEHUE MOJAEIU
(cucTtembl) U TUTaHa €€ peaTu3alui.

e Texnonornyeckas (aza — peaausanus MoJeNU (CUCTEMBI).

e PednexcuBHas (haza — olleHKa pealn30BaHHON (CUCTEMBI) MOJICIIH.

Texnonoruu, Hapsgy C MPOEKTaMM, MporpaMmamH, cTajld Beayuied ¢opmoit
OpraHM3alyy ACSITEIbHOCTU. A, 3HAYUT, C COBPEMEHHOM MO3ULUH CIIEYyEeT YUYUTHIBATh, YTO B
MaccoOBBIX MaclITabax MPaKTUKOH BOCTPeOOBAaH MMEHHO MPOEKTHO-TEXHOJIOTMYECKHH THUII
OpraHMU3allMOHHON KYJIbTYPBHI.

Takum o0pasom u ctpoutcsi yueOHwni mpouecc B BI'TY «BOEHMEX» na srtame
o0yueHHsT MHXEHEPHOH TpaduKe C HCIOJIb30BaHHMEM KOMIBIOTEPHON IpaduKu B KayecTBE
a¢dextuBHOrO MHCTpyMeHTa [8]. [IpoekTHOE 00yueHue Ha kadeape rpaduku UMEeT JaBHUE
TPagULMU. DJEMEHTbl TBOPYECKOM MoIuUKAIMM U3ACIUM, CBSI3aHHBIX C Oynyuien
CHEIHAJIbHOCThIO, TOSBUINCh B YYEOHOM IPOLECCE B BOCBMUJECATBHIE TOABI IPOILIOTO
cronetus. ECTECTBEHHO, YTO MEHSUIMCh M COJEpJKaTelbHas 4acTb 3aJaHuil U
UHCTpyMeHTapuil. Ha HauanbHOW cTaiuu HM3yuyeHUs HH)KEHEpPHOW rpauku, Korjga HIET
3HakoMcTBO co  crangaptramu ECKJ[, otpacneBbiMM 0COOEHHOCTSIMH (OPMHUPOBAHUS
JJIEKTPOHHBIX MOJENIe M acCOIMaTUBHBIX YepTeXeil, MPOEKTHbIE 3a/Jayd CPaBHUTEIBHO
IIPOCTBIE.

Ha 3akmtountensHOM 3Tane HMIET MPOLIECC PACCIOCHUS KOHTHUHITEHTA IO YPOBHIO
CHOCOOHOCTEH, YpOBHIO BNaJ€HUS TpaHUUECKUM IAKETOM, OTHOLIEHHIO K OCBaMBAEMOMY
Kypcy. CBoeoOpa3HbIM BXOJHBIM TECTOM SIBJISIOTCS JBa 3afaHusl oOs3aTelbHbIE IJI BCEX.
OTO NPOEKT U3JENHNS, [T0Jy4aeMOI0 CBAPKOM BMECTO JINTOTO BapHAHTA U IOCTPOCHHUE MOJEIN
U 4yepTeska JAeTaju, Py HE0OXO0AUMOCTH HEKOTOPOil €€ Moau(UKaIIH.

CryneHThl, CpaBUBILNECS YCIIEIIHO C AAHHBIM 3a/laHUEM B YCTaHOBJIEHHBIE CPOKH,
JIOTIYCKalOTCA K 3aKII0YUTEIbHOMY 3TaIly. DTO yKe 00jiee CI0XKHBINA MTPOEKT, CyTh KOTOPOTO B
TOM, 4YTO CTYJIEHT aHAJIU3UPYET NPEICTaBICHHYI0 €My JOKYMEHTAIUIO, COJAEp Kallylo
CYILIECTBEHHbIE HEJOCTATKU B IUIaHE KOHCTPYKTOpCKUX pemieHuid. [lanee oH oOcyxnaaeT c
npernoaBaTeseM My TH MPEOI0JICHHUS TUX HEJOCTaTKOB M paboTaeT HaJl MOJENbI0 COOpOUHON
€AVHMUIIBI M 4YepTeKaMUd OCHOBHBIX JIeTalel ¢ HaHECEeHHEeM OOJBIIOro  CHEKTpa
JIOTIOJTHUTENBHON HMH(pOpMaMU. DTO KacaeTcs MIePOXOBATOCTEH MOBEPXHOCTH, JOMYCKOB M
M0CaJI0K, OTKJIOHEHHUS (DOPMBI.

CryneHThl, HE TIOIY4YMBUIME IIpaBa Y4yacTBOBAaThb B 3aKIIOYUTEIBHOM 3Talle,
OTTAYMBAIOT MacTEpPCTBO BIAJCHUS rpapuecKkuM MaKeTOM B YIPaKHEHHUSIX Ha JETATHPOBKY
U3/IeNuii, COOTBETCTBYIOIUX MX Oyayled crenuaabHOCTH. MakcuMasbHas OLEHKAa B 3TOM
cllydae — «XOpOILIO».

KauyectBo paboThl CTYAEHTOB MBI OLIEHMBAE€M II0 OTMEUYEHHBIM BbIIIE TPEM (azam
IPOEKTOB: KayeCTBO KOHCTPYKTOPCKOTO PEIIEHUS W TIOCTPOEHUS MOJEIH; peanu3arus
IPOEKTa CPEICTBAMU KOMIbIOTEPHOH rpa)KH; OLIEHKA CTYAEHTOM PeaTu30BaHHON MOJEIH.

TpyaHee OICHHTH KadeCTBO COOCTBEHHON paOorel. Hawmbonee mpuemieMbiM
BapUAaHTOM SBJISETCS NPOLIEHT CTYJAEHTOB, AOIYIIEHHBIX KO BTOPOMY 3Tally, KOJIUYECTBO
OTJIMYHBIX OLICHOK 3a BTOpOoi 3Tan. O1HaKo, Mbl OTUETIIMBO TOHUMAEM, YTO U3 34 PACCIOCHUS
[0 ypOBHIO 0a30BOM MOATOTOBKH, CIIOCOOHOCTSM CTYJEHTOB B pa3HbIX Ipylax, Mbl HE
MOKEM TOJIYYUTh IOJHOCTBIO OOBEKTHBHBIE JaHHbIE. TeM He MeHee, 3a IOCIEIHUE
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HECKOJIBKO JIET MPOLEHT MPOIIeIINX Ha BTOpoi 3tan Beipoc ¢ 40% no 60 (ecTb rpymnibl, Tae
oH cocraBiisieT 80%). KonmmuecTBo oTinyHbIX o11eHOK coctaBisieT 70 — 90%.

Emé onna BaxnHas mnpoOiema 3akirodaercs B 00€CNEYeHHH HEeNmpephIBHOCTH
rpaduyueckoil MOArOTOBKH, MaICHUE YPOBHS KOTOPOH MBI OTUETIIMBO BUIIUM IIPH MPOBEJACHUN
HOPMOKOHTPOJISI ~ JUIUIOMHBIX TPOEKTOB M  BBIMYCKHbIX paboT. Iloctenmenno wu
npodunupyronpe kKapeapsl MPUXOAIT K IOHUMAHUIO HEOOXOJMMOCTH IPHUIIOKEHUS YCUITUH B
TaHHOM HampaBlieHuH. B pesynbrare, kadeapoil paszpaboTan Kypc Uisl CHEUUAIMTETa
«KOHCTPYKTHBHO-TEOMETPUUYECKOE MOJICIIUPOBAHNE TEXHHUYECKUX OOBEKTOB». Paccumran
Takoi Kypc Ha 11 cemectp oOyuenus. Jlekiuii 14 yacoB, mpakTHKU 28, caMOCTOSITEIbHAS
pabora 102 yaca.

Henn ocBoeHus: JNHUKBUAALMSA TOCIEICTBUN pa3pbiBa IMpollecca HENPEPbIBHOCTU
rpadguyueckoii  MOATOTOBKH  CTYICHTOB, pa3BUTHE KOHCTPYKTUBHO-TEOMETPHUYECKOTO,
JIOTUYECKOTO0 M MPOCTPAHCTBEHHOI'O MBIIUICHUS TNPU (POPMUPOBAHUU TI'E€OMETPHUUECKHUX
MOJIeJIel TEXHHYECKUX OOBEKTOB; OCBOCHHE NPUEMOB (OPMHUPOBAHUS TEOMETPUUECKUX
MojieJieil B COOTBETCTBHHM C COBPEMEHHBIMU TpPeOOBaHHMSAMH K O(QOPMIICHHUIO MPOEKTHO-
KOHCTPYKTOPCKOM JOKYMEHTAIlMH; 3HAKOMCTBO C COBPEMEHHBIM COCTOSIHUEM PEIICHUS
rpadudeckux 3agad B CAIIP.

[Iupokast BOCTpeOOBAaHHOCTh JTAHHOTO Kypca OyJeT crocoOCTBOBATH MOBBIIICHHUIO
KayecTBa MOATrOTOBKH HH)KEHEPOB B 00JIaCTH MHKEHEPHOI 1 KOMITBIOTEPHOM rpaduku.
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AHHOTALUSA

AKTyanbHOCTh M 1eau. B HacTosmiee BpeMs Ha BBICOKOTEXHOJIOTMUYHBIX
IPOM3BOJCTBAX IPPEKTUBHBIM MHCTPYMEHTOM MOAJEPKaHUS U MOBBIIICHUS KBaTU(PUKALUN
COTPYAHHUKOB SIBISIETCA IPHUMEHEHHE CHMYJIATOPOB paboThl OOOpYJIOBAaHHUA, a TaKXKe
KOMIIBIOTEPHBIX TECTHPYIOIMX IPOrpaMM, pa3pabOTaHHBIX C Y4Y€TOM WHAMBUIYaIbHBIX
ocobeHHOCTeH nmpennpuatus. B nanHoi pabore paccmarpuBaeTcs pa3paboTaHHAs aBTOpaMHU
oporpaMMa CHMYJIALMU paboThl KiIMMaTHueckoi kamepbl WK27/60-85 mnpousBojicTsa
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KoMmmanuu Weiss, KOTOpasi COBMECTHO C CHCTEMOW TECTOBBIX 3aJaHUH HCIONB3YeTCs NpU
NOATOTOBKE WH)KCHEPOB-HCIIBITATENICH K MPOBEICHUIO UCCIICIOBAHHH.

KiaroudeBble cioBa: KiIMMaTHueckas Kamepa, IporpaMMHOe — oOecredeHue
KIMMaTHYECKAX KaMmep, CHCTEMbl CHUMYJBIUH pPaboThl 000pYJOBaHMS, TPEHAKEPHBIC
cucrembl, SketchUp, Unity.

Abstract

Background. Currently, high-tech manufacturing is an effective tool to maintain and
improve the skills of employees is the use of simulation equipment, and computer testing
programs tailored to the individual characteristics of the enterprise. In this paper the authors
developed the program simulate the performance of the climatic chamber WK27/60-85
production company Weiss, which together with system of test tasks is used in the preparation
of test engineers to conduct research.

Keywords: climate chamber, climate chambers software, simulation equipment,
training systems, SketchUp, Unity.

BBenenue. B HacTosIee BpeMsi CUCTEMbI CUMYJISLIUU MIPEACTABISAIOT OO0 CIOKHbBIE
KOMILJIEKCBI, CUCTEMbI MOJIETTUPOBAHMS, CUCTEMBI BU3yaIN3alUN, KOMIIBIOTEPHBIE TPOrPaMMBbI
U (u3NYeCKUe MOJENH, a TAaKKe ClelUalbHble METOJIUKH, CO3JaBaeMble Ui TOTO, YTOObI
HOJrOTOBUTH YEJIOBEKa K IMPHHATUIO KAayeCTBEHHBIX M ObICTpbIX pemieHuil. HaumOosnbiiee
pacrpoCcTpaHEeHUE CUMYJISILIMOHHbIE CUCTEMBI ITOJIyUMIIM B TEX O0JIACTAX KHU3HEEATEIbHOCTH,
rae omuOKu mpu OOyYeHUH Ha pPEaJbHBIX OOBEKTaX MOTYT HPUBECTH K UYPE3BBIYAMHBIM
NOCJEICTBHUSIM, a HUX YCTpaHeHHe — K OonbpmmM (uuaHcOBbIM 3aTtpatam [l, 2, 4]. Kax
IPAaBWJIO, HA BBICOKOTEXHOJOTMYHBIX IIPOM3BOJCTBAX NEPE] JOIYCKOM COTPYOHHKOB K
paboTe C JOpOrocTosAUIMM OOOpYJOBaHHEM IMPOBOAUTCS OOy4YeHHE Ha TpeHa)xepax-
CUMYJISITOpaX B YCJIOBHSX, MaKCUMaJbHO MPUONIKEHHBIX K peanbHbIM [3, 5]. B manHoi
CTaTbe  MpPEJACTaBICHO  pa3pabOTaHHOE  aBTOpaMH  IMPOrpaMMHOE  OOecIeydeHue,
MpeIHa3HAYEHHOEe TSI CHUMYJISIIMKM  paboThl  KiauMaTthyeckod kamepoel WK27/60-85
MPOU3BOJCTBA KOMIaHUU Weiss, KOTOpPOe HCIONb3yeTcs A MOATOTOBKH HHKEHEPOB K
IPOBEJCHUIO KJIMMaTHUECKUX UCTIBITAHUM.

1. OcCHOBHBIC XaPAKTEPUCTHKH MCIHBITATEIbHON KIMMATHYECKOH Kamepsbl
WK27/60-85 wu wucmojb3yemoe mnporpamMHoe obecnedenue. Kamepa WK27/60-85
IPOM3BOJICTBA KOMIIAaHUK Weiss SBIISIETCS TEMIEPATyPHOI U KITMMAaTHYECKON HCITBITaTeTbHON
KaMepoil 6osbIoro o0bema, mpeIHa3HaueHHON JJIs1 N3YYEHUS! TeMIIEPaTypHOTO BO3JIEHCTBUS
IpU HCCIIEIOBAaHUAX, pa3pabOTKe, MPOU3BOJICTBE M KOHTPOJIE KadecTBa HCIBITATEIbHBIX
00pasmos.

Tabauya 1
Xapaxmepucmuku kiumamuyeckou kamepwvt WK27/60-85 [6]
PaGounii 00peM | 27 m°
TecTbl HAa TEMIIEPATYPY
Jlnana3oH TemnepaTypbl -60°C — +85°C
CKOpOCTh H3MEHEHHSI TEMIIEPaTyphl 1 K/mun
TecTpbl HA KIAUMAT
Jlnana3oH TemnepaTypbl +10°C —+85°C
Jnana3oH BIaKHOCTH 10% RH — 95% RH
Jluana3oH TOYKH POCHI +4 °C - +58 °C

VYnopaBiaeHue W MPOrpaMMHpPOBAHHE TMOBEJCHHEM KaMepbl OCYIIECTBISETCS C
MOMOINBI0 cHCTeMbl KOHTpodss W kommyHmkanuu SIMPAC [7]. Cucrema SIMPAC
oOecrieunBaeT yJ00CTBO WCIIOJIIB30BAaHHUS OOOpPYNOBaHHA NPU HCIBITAHUSAX, ITO3BOJISAET
COKpATHTh WX MPOJODKUTEILHOCTh U OOCCIICYMBACT TPU PEKUMA PaOOThI: HOPMAJIbHBIN
PEXUM; ONITUMAIIHOE BPEMsI; SKOHOMUYHBIN pexkuM. [IporpaMMbl UIMHTAIIMH U PE3yTbTATHI
UCTIBITAHUN COXPAHSIOTCS HAa KECTKOM AMCKE, (PIdII-HaKOMUTENe, TAK)KE ITH JTaHHBIE MOKHO
nepenats no cetu Ethernet. B peanbHOM BpeMeHH HH(GOpPMAIHS O TEXHHYECKOM COCTOSHHU
arperaToB KamMephl CHHMAaeTCs C IMOMOINBI0 MPOTPaMMbl BU3yalu3alnu. B nomomHeHne k
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KOHTPOJIFO Temreparypel u kiumata cuctema SIMPAC coxepxur 3¢QeKkTuBHOES
nporpammHoe obOecneduenue S!MPATI®, kotopoe crnenmmanbHO pa3pabOTaHO AJSI CHUCTEM
MOJCIIUPOBAHUS CYIIMJIBHBIX W TerioBbiXx ImKadoB u mnedeil. S!MPATI® mo3Bomser
00beIMHATh O000OpYJOBAaHHME B CETh, ABTOMATHYECKH KJIACCHU(PUIIMPOBATH MPOXOISIINE
MPOIECCHl U TMapaieIbHO JOKYMEHTUPOBATh MOJy4YaeMble NaHHbIe W n300paxenus. Kpome
toro, Bepcun SIMPATI® 103BONSAIOT AWCTAHIIMOHHO YIPABIATH M KOHTPOJHUPOBATH
napaMeTphl UCTIBITATEIBHOTO IMpOLEcca, NOAy4aTh MO 3JIEKTPOHHOM MOYTe YBEJOMIICHHUS O
cO0siX, MCMOJIb30BaTh MHTEpdENCh AN KOMMYHHKAllUd C JIPyTMMH  CHCTEMaMH,
OCYILECTBIISATh MHOTOIIOJIB30BATEILCKUI PEKUM PAaOOTHI 4Yepe3 BHYTPH3ABOJCKYIO CETb,
Ipe0TBPALIATh JOCTYI KOHKYPEHTHBIX TPOrpaMM € TIOMOIIBIO 3aIIUTHBIX MEXaHU3MOB [7].

2. Peanuzanmusa 3D-Mopesm KJIMMATHYECKOH KaMepbl B NPOrpaMMHOM
koMmiuiekce SketchUp. [{ns peanuzanuu 3D-mMoznenu knmumaTtuueckoi kaMmepsl ObLT BbIOpaH
nporpammublidi  komruieke SketchUp, kotopslit cymiecTByeT B OeCIUIaTHOM BEpCHU IS
HEKOMEPUYECKOTO HCIIONIb30BaHMs. [10 cpaBHEHUIO CO MHOTHMHU TOIYJIIPHBIME TTakeTamu 3 D-
mozenupoBanus SketchUp oGnagaeT psaoM 0COOCHHOCTEH, MO3HIIMOHUPYEMBIX €€ aBTOpaMu
Kak mnpeumyniectBa [8]. OCHOBHOM W3 HHUX SABJISETCS MOYTH IOJHOE OTCYTCTBHE OKOH
IpeBapUTEILHBIX HACTPOCK, MPH 3TOM BCE T€OMETPUYECKHE XAPAKTEPUCTHKH 33JA0TCS C
KJIaBHATYPHI B 110JIe KOHTPOJIS MapaMeTPOB BO BpeMs WM Cpa3y MOCje OKOHYAHUS NeHCTBUA
TEKyIIero MHCTpyMeHTa. [[pyroil KitoueBOl OCOOEHHOCTHIO SBIISETCS 3alaTeHTOBAHHBIN
uHctpyMeHT Push/Pull («Tsuwu/Tonkait»), mO3BONSIONIUI JTF00YIO IJIOCKOCTh «BBIIIBUHYTH)» B
CTOPOHY, CO3/1aB 0 Mepe €€ MepeIBMKEHUS HOBbIe OOKOBBIE CTEHKM, MpPUYEM JIBUTATh
IUIOCKOCTh MOJKHO BJOJb 3apaHee 3aJaHHOH KpPUBOW C TIOMOIIBIO  CIIEIUAIEHOTO
unctpymenta Follow Me («Benenue») [14].

Ha nepBom mare peanuzamuu 3D-monenu co3maercs pabounii 00beM KaMepbl
(mapametpsr: aimuHa — 4500 MM, mrpuHa — 3900 MM, BeicoTa — 2834 MM, TommuHa cteH — 200
MM), MECTO JUIsl IBEPHOTO MpoeMa (pa3mepsl ojiHOU aABepu — 1212x2200 mm) 1 ABepH Kamephbl
(cm. puc. 1, 2).

Pucynox 1 — Cozdanue pabouezo ob6vema kamepsl ¢ O8EPHLIM NPOEMOM

[

»1! !

Pucynox 2 — Cozdanue dsepetl Kiumamuueckol Kamepul
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Ha cnenyromem 1mrare co3maetcsi MUT C IEKTPOHUKON M MApOTreHEPATOpP, UMEHOIIHE
pa3mepbl 1600x2943x1957 mm u 395X683x685 MM cooTBeTcTBeHHO. IIpopucoBka TpyO ams
10J1a41 BOJIBI M OTBO/JIA MMapa MPOMCXOIUT ¢ ToMomisio komanasl Shapes/Circle (s co3manus
OCHOBaHMs TpyOBI), Jajee 3amacTcs JIMHHS CKelleTa TPYObl M C IMOMOIIBI0 WHCTPYMEHTA
Follow Me ocHoBanue MPOTATUBAETCS BIOJb CKelleTa (CM. puc. 3):

Pucynox 3 — Cozoanue wuma ¢ 21eKmpoHuKou u napozenepamopa

Ha nocnegnem miare peanusyercs MakeT CEHCOPHOM NaHenum KaMmepbl. Tak Kak
OoJbIasgs dYacTb B3aMMOJCIHCTBHS WMH)KEHEpAa-UCHBITATENsI C KIMMATHYECKOM Kamepoil
OCYILIECTBIISICTCS Yepe3 JaHHYI0 CEHCOPHYIO MaHelb, TO s y100CTBa pabOThI MOIb30BATEIS
oHa ObLIa co37aHa B OOJBIIKMX pa3Mepax, YeM B peaIbHOCTH. Pe3ynbTaT mocTpoeHus: MakeTa
CCHCOPHOM MaHeJIM U KJIMMAaTHYeCKOM KaMepsl B 11eJI0M B rporpamme SketchUp npeacrasien
Ha puc. 4:

Pucynok 4 — 3D-mo0ens knumamuueckoti kamepst 6 SketchUp

3. Bri0op nporpamMMHOi cpeabl 1JA Pa3padoTKU CUCTeMbl cUMYJasiuu. [[ns
peaM3auyd CUCTEMBl CHUMYISALNUU ObUT BBIOpaH HMHCTpyMeHT Unity, KOTOPBIH SIBIsSETCS
MporpamMMHOI cpefoi Jutsi paspabotku 2D/3D urp m mpunokeHui, mpeaHa3HauYeHHBIX IS
paboTsl B onepannoHHbix cuctemax Windows, OS X, Windows Phone, Android, Apple i0S,
Linux, a Takxe Ha pa3IHYHBIX HTPOBBIX KoHcOJsIX. [Ipu moakmrodeHnu k Opaysepy Unity
monynss WebPlayer mosiBisieTcsi BO3SMOXHOCTh pa3padaThiBaTh WHTEPHET-TIPUIIOKEHUs. Bce
porpamMMHBIE TIPOYKTHI, co3aanHbie B cpeae Unity, 00s1amaroT MOaIepKKON TpaduaecKkux
texnonoruii DirectX u OpenGL [9]. B cuiy mpocToTel paboThl C MOMOIIBIO MHTYHUTHBHO-
nonsTHoro Drag&Drop untepdeiica penakropa Unity, BO3MOKHOCTH TIPOU3BOJAUTH OTIAAKY
UTPOBOTO TMPOEKTA HEMOCPEACTBEHHO B PENAKTOPE, MOJIIEPKKH HECKOJIbKHX CKPUIITOBBIX
A3BIKOB, a TaKXKe HaJuuusg OECIUIaTHOM BEpCHUU JAHHBI MHCTPYMEHT MOJIYYWs IIUPOKOE
pacmpocTpaHeHue cpe Pa3pabOTUYNKOB TPEHAKEPHBIX CHCTEM M OOYYAIOIIUX CUMYJISTOPOB
[10]. Kpome Toro, mocneaare Bepcun UNity mo3BOJISIOT MEPEHOCUTh MOJIEIH HAIPAMYIO H3
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dopmara *.skp, remepupyemoro SketchUp, uto 3HauuTenpHO ympom@aer pa3paboTKy, mpu
ATOM COXPaHSIETCSI TEOMETPHS MOJIENIU, IPOTIOPIIUHN U TEKCTYPHI (CM. puc. 5).

Pucynox 5 — Pezynomam nepenoca 3D-woodenu kamepwi 6 Unity

4. Peasmzanus unrepdeiica cencopHoii maneau B Unity. OqHUM 13 OCHOBHBIX
CIocoO0B B3aMMOJICHCTBUS MOJIB30BATENS C KIMMATUYECKOM Kamepoil SBIIEeTCS CEHCOpHas
HaHeJb, TOCPEICTBOM KOTOPOW YCTaHABIUBACTCSA OOJIBIIMHCTBO HACTPOEK M OTPAHUYCHUH, a
TaK)Ke OCYIIIECTBISIETCS 3aIyCK TECTOB.

[Tpu co3manum SKpaHa ceHcopHoit nanenu B Unity ObuT ricnoib3oBaH o0bekT Canvas,
MPEJICTaBISIONIHI cO00 abcTpakTHOE MPOCTPAHCTBO, B KOTOPOM MPOU3BOJUTCS HACTPOIiKa U
OTPUCOBKA ToOJb30BaTenbckoro wuHTepdeiica (Ul). TpaaunmmoHHO MOJIB30BaTEIbCKUE
uHTepdEiCchl 0TOOpaKAOTCS MPAMO Ha SKpaHe Kak MpocThie 3jeMeHThl. UNity momaep:xkuBaer
3TOT CIIOCOO OTPUCOBKHM B HKPAHHOM MPOCTPAHCTBE, HO TAaKKe MO3BOJSIET MHTEpdeiicam
PHCOBAThCS Kak 00BEKTaM CIICHBI, B 3aBUCHMOCTH OT peskuMa otpucoBku (Render Mode). B
JTAHHOM ciiydae ObLT BhIOpaH peskuMm otpucoBku World Space, koropsiii pucyer untepdeiic
Tak, Kak eciu Obl OH ObUI IMJIOCKUM OO0OBEKTOM cleHbl. MHTepdeiic ceHcopHO mnaHenu
KJIMMAaTH4YeCKOM KaMepbhl COCTOMT M3 HECKOJBKHX OJKPaHOB (cM. Tabnmiy 2), MexXIy
KOTOPBIMHU MO>KHO MEPEKITI0YaThCsl.

Tabnuya 2
OKpamnvl cencopHou nanenu

HazBanmue DOyHKIUHU

I'maBHBIN PKpaH OTKPBIBAaETCS INPH 3aIyCKe NMPOTrpaMMBI. JKpaH HCIOJIB3YETCs
JUIsL  Tiepexoja Ha Jpyrue OKpaHbl, BKJIFOUCHHUS/BBIKIIOYEHUSI TECTOBOTO
HCIBITAHUA U CBETA B KaMepe, YCTAHOBKM HOMHUHAJIbHBIX 3HAUEHUI TeMIepaTyphl
U BI@XHOCTH, a TaKXe OTOOpaXEHHsS WX aKTyaJbHBIX 3HAYCHUH, COCTOSHMS
MIPOBOAMMOTIO TECTOBOT'O HCIIBITAHMUS M OIIMOOK, BO3HUKIIMNX B Iporiecce paboThl
KaMepbl

Otobpaxaer rpadMK aKkTyaJbHBIX 3HAYEHUH TEMIIEpPaTypbl M BIAXKHOCTH B

['maBHbI# 2KkpaH
(cMm. puc. 6)

OkpaH ¢ rpadukom

PCaJIbHOM BPCMCHU.

OKpaH € yBEITHMYCHHBIMH
3HAYCHUAMU

Oto0pakaeT KpYNHBIM IIPH(TOM aKTyalbHbIE M HOMHHAJIBHBIC 3HAYCHHS
TEMITIEPATYPHI U BIIAXKHOCTH.

Crnucok nporpamm | OToOpaxkaeT coXxpaHEHHbIE IPOrPaMMBI HCIIBITAHUH, TO3BOJISIET HX 3aIlyCTUTDh U
WCTIBITAaHUH YCTaHOBHUTB KOJMYECTBO NOBTOPEHUN AJISI KK 0N MPOTPaMMBL.
OKpaH peJakTopa NpOrpaMMbl NpeAHAa3HAYEeH sl CO3JaHUs HOBBIX U
pemaKTHpOBaHUS YK€ COXpaHCHHBIX MPOTrpaMM HCTBITaHui. Ha manHOM sKkpane
PenmaxTop MpOrpaMMBI | MOKHO 3aJaTh Ha3BaHHE MPOTPAMMEI, TEMIIEPaTypy M OTHOCHTEIBHYIO
HCTIBITAaHUN BIIQXKHOCTh JJISI KKAOH HTEpaIiy, MPOMOJDKUTEIFHOCTh HTEPALUU W OIIIUIO
(cm. puc. 7) OXUJAHUS, TPH KOTOPOW HCHBITAHWE NPOAOIDKAETCS A0 TEeX TOop, IIOKa

aKTyaJbHbIC 3HAUEHHS IIapaMeTpPOB HE JOCTHTHYT 3aJaHHBIX HOMHHAIBHBIX
3HAYCHUH.
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Temneparypa PROGREM TEXT
AXTYanbHoE 3HaueHve
25 °C
HoMVHANGHOE 3Hauerne
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Pucynok 6 — I'naeuwiii sxpan ceHcopHoil nanenu

Hassakve: Ipozpamma | CoxpaHuTb |

- No.: Bpems:  Temnepatypa BnaxHocTs XpaTb

M

Pucynox 7 — Peoakxmop npozpammbl ucnvlmarui

S. Peasmm3zanmsa  cumyasinmu  padoThl  KJIMMATH4YeCKOM Kamepbl. [lnd
CUMyJISIIUKA ~ paboThl  Kamepbl Obl1  co3man  kimacc  ChamberController ¢ momsvu
actualTemperature, nominalTemperature, actualHumidity, nominalHumidity, orBeuarorumu
3a aKkTyaJbHbIe U HOMHUHAJbHBIC 3HAYCHUS Temreparypbl u BiaaxkHocTu. [loms leftDoor u
rightDoor cooTBEeTCTBYIOT JBepsSM KIMMATHYECKOW KaMepbl W IIO3BOJISAIOT Y3HATh HX
coctosiHue dYepe3 Mmeton kimacca 1sOpen(), ¢ momompro monst light MOKHO oOmpenenuTsh,
BKJIIOYEH JIU B Kamepe cBeT. ATpuOyTthl IsProgramRunning, CurrentProgram, ProgramStep
NIO3BOJISIIOT y3HATh 3allyllIeHa JIM MPOrpaMMa HMCIBITAHUN B KIIMMAaTHYECKOW KaMepe, Kakas
MMEHHO M Ha kakoM Imare. [Tome ISRunning mokaseiBaer, 3amylleHa JH KaMepa B PeKHME
pyuHoro ympasienus, nose IsWaterEnabled ompenensier, Bkitouena nu momava BOABI, JUIS
OIIpeZIeTICHNs] BPEMEHU DPaOOTHI MPOrpaMMbl UCTIBITaHUH ucmonb3yercs mone timeToWork,
atpudyT needToWait ycTaHaBIMBACT OMITUIO OKUIAHHMS.

B mporecce paboTHl KIMMAaTHYECKOH KaMepbl MOTYT BO3HHKHYTH Ype3BBIUAifHBIC
CUTYyaIlMH, KOTOPhIe MOTYT MPUBECTH K HEHCIIPaBHOCTAM B ee pabore. Kamepa WK27/60-85
npou3BozcTBa KomraHuu WEISS 0o3BOJIsIeT OTCISKHBATh TAKHE CUTYALlH U NPEIYNPEkIaTh
HIOJIB30BATEJIs, MPH 3TOM JUIs KaXKJIOTO KOHKPETHOTO TECTUPYEMOTO OOBEKTa IOJIb30BATEIh
MOET YCTaHOBHTB TPAHUIIBI TEMIIEPATYPhI U BIAKHOCTH, ITPH JOCTHKEHUHN KOTOPBIX Kamepa
BBIJIACT MPEayNpeKAcHnEe Win ommOKy. [IpuBeneM HEKOTOpbIe OMMOKHM, BOZHUKAIOIINE TIPU
paboTe ¢ KaMepo:

— nBepu paboyero oObeMa KaMepbl OTKPBITHI MM HE BKJIIOYCHA 10JIa4a BOJBIL, a
IIOJIB30BATENb IBITAECTCS 3AIlyCTUTh IPOrPaMMY HCIIBITAaHUM;
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— (aKTHUECKOE 3HAYCHHWE BIAKHOCTA BBIIIE WJIA HIDKE KOHQUTYpaluu
UCTIBITATEIbHOM KaMephl (TOUKa POCHI 3a MpeieIaMyi BO3MOXKHbBIX 3HaUCHUH);

— (akTHUeCKOe 3HAYCHUE TEMIepaTypbl WM BIAKHOCTH HAXOAUTCS
npeesiaMy TPaHUIIbl ONIMOKY HITH 32 MPeIelaMy TPAHUIIBI IPEIYTIPEKACHUSI.
Omunbku peanusyrorcs ¢ momouibio kiacca Error. Jlns agemoHcTpauuu padoThI
JAHHOT'O KJIacca BKIIIOYMM KaMepy, OTKpPOEM €€ JIBEpH U MOAOHAEM K CEHCOPHOM INaHelu.
[Ipu 5TOM Ha HKpaHe CEHCOPHOM maHenu oTodpakaeTcst coodiienue «OTKpbITa 1Beph!» (puC.

e

3a

Temnepatypa
ArTyansHoe 3Ha4eHne
15 °C — e
HomuransHoe 3HaqeHne
10 /C [ Pepakrop |

BraxtocTs L.
AtTyansHoe sHavenne

0 % o

ﬁ?ﬁfffHaanoe 3HavyeHne

Pucynox 8 — Coobwenue 06 owubdke npu Omxpulmuix 08epsix Kamepul

YcTraHOBUM HOMUHAIBHBIC 3HAYCHUS TCMIICPATYpPbl U OTHOCHUTEJIHLHOU BJIaXHOCTH,
paBHbIMU cooTBeTcTBEHHO 10°C m 30%. IIpu gaHHBIX MmapaMeTpax TOYKa POCHI COCTABIISET
0,5°C, 4To HIKE MUHUMAJILHOTO JOIMYCTUMOTrO 1MOpora, ykazanHoro B tabmune 1. Ha puc. 9
MOKa3aHO, YTO MOJIb30BATENIO MPH 3TOM BBIBOJUTCS coodiieHue o6 ommbke «Touka pochl

IPUHUMAET HEJOMYCTUMOE 3HAUECHUE! ».

Temneparypa
AKTyansHoe 3HaueHne
15 °C
HoMuHanbHoe 3HadeHue
10 °C Penarop

BnaxHocTb
AKTyansHoe 3HaveHune
0 %
HomuHanbHoe aHaueHme
30 % Touka POCHI NPUHUMAET HEAONYCTUMOE 3HaYeHue

A E)

Pucynox 9 — Coobuenue 06 owubdxe npu HeOONyCmMumMbIX 3SHAYEHUAX MOUKU POCHL

B Hauane cumymsiuu paboThl Kamepsl B MeToae Update() mpoucxoauT mpoBepka Ha
Hanmnuue omubok. [Ipu ux oOHapyxkeHHH paboTa Kamephl MpeKpaiaeTcs U Ha TIABHOM
9KpaHe BBIBOJIUTCA COOTBETCTBYIOIIEE cooOmenne. Ecinu ke ommbok He ObLI0 HalACHO, TO
IpHU 3alMylIIeHHOM KJIMMATHYECKOM HWCIBITAHHH TMPOUCXOTUT PACUYET HOBBIX aKTyaJTbHBIX
3HAYCHUH TeMIlepaTyphl U OTHOCHUTEIBHOW BIIAXKHOCTH. BJIOK-cXema alropuTMa IMpHBEICHA

Ha puc. 10:
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Pucynox 10 — Bnok-cxema anzopumma cumyasiyuu pabomaol Kamepul

6. Peanu3auus cucteMbl 3aJJaHUil Il JOMYCKA K padoTe ¢ KIMMATHYECKOM
kamepoii. [lpu 3amycke CHUCTEMBbl CUMYJISIIIMM TIOJH30BATENIO MPEUIaraeTcsi BBIOIHHUTH
3aJjaHUsl Ha MPOBEPKY OCHOBHBIX KOMIIETEHIMH, HEOOXOAMMBIX JJI MOJY4YeHUs JOImycka K
pabote ¢ peaibHON Kamepoi. BoJIbIIMHCTBO 3a/laHUii OCHOBBIBAETCSI Ha MOJATOTOBKE KaMephl
K TPOBEACHUIO HUCIBITAaHUS 1O MeToaaMm, omucaHHbiM B cranmapre ['OCT P 51369-99.
JlaHHBIN cTaHAAPT pacpPOCTPAHICTCS HA MAIIWHBI, TPUOOPHI U IPYTHE TEXHUYCSCKUE U3ICTHUS
U YCTaHaBJIMBAET METOJbl MX UCHBITAHUI: HA BO3/CHCTBHE BIAXKHOCTH BO3yXa JUIMTEILHOE,
YCKOPEHHOE HJIM B YCIOBHSIX BBIMAJCHHUS POCHI, HAa BO3JCHCTBHE BIAXKHOCTH BO3AyXa
KpaTKOBPEMEHHOE, Ha BO3JCHCTBHE HIDKHErO 3HAUEHHUs BIIAXXHOCTH BO3JyXa WIIHM JAPYTroro
rasa, a TaKke Ha BO3ZICHCTBUE HHES U ToJI0Je/a.

Ha BrImonHeHue KaxJaoro 3ajaHusi OTBOJUTCS OMpEAeNIEHHOE BPEeMsi, BO3SMOXKHO TaK
e HMCIIONB30BaHUE CUCTEMBI CUMYJISIIIUA B CBOOOJHOM pEXHUME ISl OTPAOOTKU MEPBUYHBIX
HaBbIKOB. [locne BbIOOpa 3amaHUst OTOOpA3sATCS YCIOBHS, KOTOpBIE MOJIB30BATENb JOJIKEH
BBITIOJIHUTG; TIPY 3TOM CHUCTEMa CUMYJISIHMU OyJEeT OTCIEKHBATH JEHCTBHS IOJIb30BATENs U
MPOBEPATH UX HA KOPPEKTHOCTb.

Jns aToit nienun Obw1 co3man kiacc Mission. B mose Description xpassTcst ycioBust
3a7aHus, OoToOpaXkaeMble MOJb30BaTeNo, moje TaskList comepkuT mocienoBaTeIbHOCTh
JeCTBUHM, KOTOPYIO HY)KHO BBIMIOJHUTH IIOJI30BATEN0 ISl YCIEUIHOTO IMPOXOXKICHHS
3amanus. JIeWcTBUSL B OTOM TMOJie peanu3yroTcs ¢ mnomoiipio uHTepdeiica ICommand,
KOTOpPBIA COACPKUT enum 1oje [Yype, oTpaxkaromiee TN pAeicTBusa. I[IpemycmoTpeHsl
CJIEYIOIINE TUTIBI TEUCTBUM:

— OTKPBITHE/3aKPBITHE IBEPEH;

— HCCleyeMblii OOBEKT HAXOAUTCS BHYTpU/BHE pabodero oobeMa KaMephl;
— BKJIIOUYEHHUE/BBIKIIIOYCHNE KaMepPHI;

— BKJIIOUYEHHUE/BBIKIIIOYCHUE TIOAaYH BOJHI,

— 3amyIIeHO HCIIBITAaHUE B PYYHOM pEXUME pabOTHI;

— 3amyIIeHO WCIIBITaHUE B TPOrPAMMHOM PEXUME PaOOTHI.

B mosne currentTask kimacca MisSSiON XpaHUTCs TEKYIIHA JTam 3aJaHus, T.C. HHICKC
neiictBus B maccuBe TaskList. Merox SetCommand() npuHrMaeT Kak apryMeHT JCHCTBHE,
KOTOPOE COBEPIIUI MOJIb30BATENh M CPABHUBAET €T0 C TPEOyeMbIM JCHCTBHEM.

JIns  OTCHeKMBAaHUS TEKyIIero 3afaHus ObU1 co3maH kimace MissionManager c
ucrosp3oBanueM narrepHa Singleton. IToxe CurrentMission xpanut B cebe 3aganue, KOTOpoe
BBIOpaJ TMOJIB30BATEb JJIsl TECTHPOBaHMs, Hone Panel comepkuT ccbuiky Ha MaHesb, IIe
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Oy/IeT HamMCaHO 3aJaHKe Ui MOJIb30BATENs W OMKOKK B Clyvae MX BO3HHUKHOBeHHs. [Ipu
BBITIOJTHEHUU ITOJIB30BAaTCIIEM I[eﬁCTBHfI B COOTBCTCTBYIOIIHX CKPUIITAX BBI3BIBACTCA MCTOL
SetCommand() y oobexra MissionManager u ganHoe AeiCTBHE OTIPABISACTCS HA IPOBEPKY B
TeKymuit sxk3emisip Mission. Biok-cxema anroputMma OTCIIC)KUBAHUS BBIOJHCHUS 33 aHHS
MOJIb30BaTENIEM TMpECTaBieHa Ha puc. 11.

Hauao
~

v
HHHATHATHIHPOBATH
TpedyeMoe JeficTEHe
IMepeiiTH K \l’
cJAeIymeMy
TpedyemoMy O:xagaHHEe TeficTBHA

el CTBHIO

mOJdB30BATEIA

JdelicTBHe M0JIb-
3oBaTe/Is COBNAJAET C
TpedyeMBIM?

OTobpasurh
OIIHOKY

3anaHHe
BBINOJAHEHO?

Otodpazuib
pe3yasTaT

PucyHOK 11 — Bnok-cxema aneopumma OmcieHCu6aHusl 6blINOJIHEHUS 300aHus

7. I[Ipumep oTciaexxuBaHUsI BBINOJHEHUS] TECTOBOro 3ajaHus. B kauecTse
IpUMepa PACCMOTPUM pPEAIM3ALMI0 CUCTEMBI 3aJaHUM [ NPOBEACHMS KIMMATHUYECKOTO
UCTbITaHus ¢ Tomomeio Meroaa 207-1 — muknuueckuit peskum [(16 + 8) 4] AmuTeTBHBIN WITH
yckopeHHbIid — u3 ['OCT P 51369-99 [19]. /lanHO€ HcIIbITAaHUE MPOBOJAT C LIENBIO IPOBEPKU
CIIOCOOHOCTH M3/ENUN COXpaHATh BHEIIHUNA BUJ M 3HAYEHUS MapaMeTpoB B IMpelenax,
YKa3aHHBIX B CTaHAApTaxX U TEXHUYECKHUX YCIOBHIX Ha U3JIENHs U IPOrpaMMax HUCIBITaHUH, B
YCIIOBUSX U (WJIN) TIOCTE JUTUTETLHOTO BO3/IEHCTBUS BIAKHOCTH.

W3nenne mnomemarT B KIMMATHYECKYHD KaMepy M IOJABEPraroT BO3JEHCTBUIO
HENPEPBIBHO CIEAYIOMIUX IPYT 3a APYroM HUKIOB. Kaxk/Iblil IMKII COCTOUT U3 IBYX YacTeil:

1. u3nenue B TeueHue 16 YacOB MOABEPrarOT BO3IACHCTBUIO OTHOCHUTEIBHOM
BIXHOCTH 93% 1ipu Temmneparype, ykazaHHOW B TaOywHIie 3;

2. u3/enre B KaMepe OXJIAXKJAl0T B T€UEHHE § 4acoB JI0 TEMIEpaTyphl HE MEHee,
gyem Ha 5°C HWXKE yKa3aHHOTO 3HadyeHHss B TaOmwuie 3. OTHOCUTEIbHAs
BJIQKHOCTB B Kamepe MpH 3TOM J0JDKHA OBbITh 94%.

[IpoaomKUTENEHOCTh BBIAEPKKH TPU  JUIMTEIBHBIX W YCKOPEHHBIX MCIBITAHUIX
BBIOMPAIOT M3 TAOMUIBI 3 B 3aBUCUMOCTH OT YCTAHOBJICHHOH B CTaHJIApTaX M TEXHUYECKHX
YCIIOBUSIX HA U3JIEHS U TPOrPaMMBbI UCTIBITAHUM CTENIEHU KECTKOCTH.

Tabnuya 3
Buibop peoicuma ucnoimanuii 8 3asucumocmu om cmeneHu HeecmKoCmu

JnitenbHble UCTIBITAHUS Ul CTETIeHEeH | Y CKOPEHHbBIE UCTIBITAaHMS JIIs
O u——— JKECTKOCTH CTEIIeHEH JKECTKOCTH
", 1v, Vil V, VI, VI
X’“ )’<|“’ ' )&I TIX X V, VI, VI, XI IX, X
[TporomKUTENBHOCTD BBIIEPKKA
POt Aep 4 9 21 4 9
(4MCII0 MCTIBITATENIFHBIX IIMKIIOB)
Temneparypa, °C 40 40 40 55 55
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[Tonb3oBarento mpemiaraeTcss CoO3/1aTh HCHBITAHUE IS M3AENUS CO CTENEHBIO
xkectkoctu |1, JInst mpoxokaeHusl JaHHOTO 3aJaHus HEOOXOAMMO BBIMIOJIHUTE CIEAYIOIINE
HIary: MOMECTUTDh UCCIIeAYyEMBI 00BEKT B pabounii 00beM KaMepbl, BKIIOYUTH M0J1a4y BOJbI,
BKJIIOUUTh KaMepy, CO3JaTh MpOrpaMMy HcIbITaHus 1o Merony 207-1 ¢ yderom creneHu
KECTKOCTHU U3JIENHSL, 3aIyCTUTh TECT.

Jlyis ipoBepKH KOPPEKTHOCTH TEPBOTO IIIara MpOrpamMMme CHUMYJISIIMA HEOOXOIHMMO
OTCIIC)KMBATh MOSIBICHHUE HCCIEAyeMOro u3zenus B paboueM oObeme kamepbl. Jljis 3TOro
ucnonb3yercst komrnoHeHt koswtaiaep (Collider). Komnaiinep, HacTpoeHHbIH Kak Tpurrep (¢
noMomeio0 cBoiictBa IS Trigger), mpomyckaeT apyrue Kojuiaiigepsl ckBo3b cebs. Korma
JpYyTrod KOJUIAaep BOMAET «HA TEPPUTOPHIO» OTOTO KOJUIAWAEpA, TPUITEP BbI3BIBAET
byuknuo ONnTriggerEnter B ckpunrTax 00bEKTa, K KOTOPOMY IPUCOCAMHEH Tpurrep. B
CKpPHIITE 3aIHMChIBACTCS KOJ MPOBEPKH Ha TO, YTO B 00JIACTH KOJUIaiiiepa momai UCCiIeyeMbIi
o0bekT. Jlns sToro maHHOMY O0BEKTy ycraHaBiuBaeTcs Tar «Test Object». B merome
OnTriggerEnter mpoBepsieTcsi, COBIAAaeT JU TAI 00BEKTa, KOTOPBIA HAXOIUTCS B 00JacTH
KoJUlaiiiepa, € TOIOM MCCIEAYyeMOro OOBEKTa, M, €Cld YCJIOBHUE BBINOJHACTCSA, TO
COOTBETCTBYIOIIass KOMaH1a oTrnpasisiercss B MissionManager.

Jlns Broporo u tperbero mara TriggerCollider anamornyabivM 00pa3oM HCIIOIB3YETCS
JUTSI TIPOBEPKH BKJITFOUCHHSI HCTIBITATEILHOM KaMephl 1 moAadn Boabl. Koimaiineps! co3garorcs
BO3JI€ COOTBETCTBYIOIIMX TepeKtoyaTesied U, €ClIM Kamepa, SMYJUpyomas IeHCTBUS
1OJIb30BaTeIsl, TMOMajaeT B OO0JIACTh KoJUIaiaepa, To C momoiibio Metoma OnGUI()
otobOpakaetcs coodmenne «Haxmute 'F', uToOb! BKIIFOUnTh Kamepy» («Haxxmure 'F', 9To0bI
BKIIIOYUTh TIOJa4y BOAB»). Eciu Tonp30BaTeNb HAXUMAET JOTy KIABUINY, TO
BOCIIPOM3BOIUTCSI COOTBETCTBYIOIIEE JCHCTBHE M KOMaHaa oTnpasisieTcs B MissionManager.

Ha dgerBepTOM 11are moip30BaTeNt0 HEOOXOIUMO CO3AATh MPOTPAMMY HCIIBITAHUN TIO
merony 207-1 ¢ yuerom crenenn xectkoctu m3aenus 1. Jns storo Heobxoaumo co3nath
HOBYIO MpOTpaMMmy, TEpels Ha JKpaH CO CIHCKOM IporpamMMm. B pemakTope mporpamm
UCTIIBITAaHUN TpeOyeTcs BBECTH 3HAUEHUS MapaMeTpoB JUIS KaXJAOH HUTEpaldd COTJIacHO
3aianHoMy MeTo.y. [IpaBHIIBHEIN puMep MPOrpaMMEI IPUBEJICH Ha puc. 12.

Hassanne: | Mertop 207-1 CoxpaHuTtb

No.: Bpems:  Temnepatypa BnaxHoctb Xpatb
16100 40

[0

omp

Pucynox 12 — Peanuzayust npoepammvl ucnsimarnuii no memody 207-1

[Tocne coxpaHeHUs NMPOrpaMMbl HEOOXOAMMO YCTaHOBUTH YHWCIO HMCHBITATEIHEHBIX
LIMKJIOB, paBHOe 4. [Ipu 3amycke mporpaMMbl COOTBETCTBYIOIIAsi KOMaHIa BMECTE C 00BEKTOM
Program, oTBewaromuM 3a NporpamMMy HCIbITaHWH, mepenaercs B MissionManager, rae
HporpaMma MoJIb30BaTelsl CPAaBHUBACTCS C ITAJTOHHOW. Pe3ynbrar cpaBHEHUS 0TOOpakaeTcst
TI0JIB30BATEIIO B BUJIE COOOIICHUS O BBITIOJIHEHHN/HEBBITIOJIHCHUH 3a/IaHHS.

3akaouenne. Pa3paboTaHHas aBTOpaMH  IporpaMMa CHMYJSIIHH  pabOTHI
KJIMMaTHYECKOM KaMmepbl TPUMEHSETCs Uil TOATOTOBKH HHXXEHEPOB K MPOBEICHUIO



JIlendenyuu paseumus HayKy u obpasoeanis - 153 -

UCTIBITAHWH, a TaKke Ui MPOBEPKH MX MPO(ECCHOHAIBLHBIX KOMIICTCHIIMH Ha OCHOBE
BbIMOTHEeHHs 3aganuii mo merogam ['OCT P 51369-99. Jlannas mporpaMMHasi CHCTEMa MOXKET
HATH WIMPOKOE TNPUMECHEHHUE B IIEHTPaxX TMPOBEJCHHUS KIUMATHYCCKUX WCIBITAHUH, a
NpOrpaMMHOE OOECTICUeHHE W AITOPUTMBI, WCIIOJIb30BAHHBIC TPU €€ peallu3aluu, MOTYT
MOCITYKHTh OCHOBOH JUISI CO3/IaHUSI CHMYJIITOPOB PAaOOTHI U TMPOTPaMM-TPEHAKEPOB H IS
JIPYTHX 00pa3I0B HCIBITATETLHOW TEXHUKH.

%k %k *x

1. WBamenko, A. B. CunenapHoe mpeAcTaBIeHHE ONEpalid B XHPYpPrudeckoMm TpeHaxkepe / A. B.
WBamenko, H. A. T'opbauenxo, A. B. KoncanoB // Cucremsl ympaBieHHS U WH(POPMALHNOHHBIC
texHonoruu. — 2016. — T. 64. — Ne 2. — C. 91-97.

2. Yerioxkannnaa, A. 0. Pazpaborka u co3naHue BeO-NPHIOKEHHS 1O MOJEIUPOBAHUIO YPE3BbIUAHHBIX
CUTYyalluii Ha ONAaCHBIX IPOU3BOJCTBEHHBIX 00beKTax HedrerazoBoro komiuiekca / A. 0. YcrioxkaHuHa,
A. A. Tankuna, [I. C. ®dykanos, A. A. Illapapyraunos, U. A. Xaiipernuuo, U. ®. Xaduzor //
[TpoGnems! cOopa, HOATOTOBKM M TpaHcropTa HeTu U HepTenpoxykros. — 2017. — Ne 1 (107). — C. 210-
218.

3. Kocarosckas, . . CoBpeMeHHBIE MTOX0/bl K CUMYJISIIMOHHOMY OOYUYEHUIO MEIUIIMHCKUX Kaapos / U.
U. Kocarosckas, B. B. ManesHoBa, FO. B. Koponesa // [Ipobiemsl cTaHAapTH3aNKN B 3APAaBOOXPAHCHUH.
—2016. — Ne 5-6. — C. 22-28.

4, Jlammme, 3. B. IIpoexTrpoBaHne aBHAMOHHBIX TPEHAKEPOB C pacHapauIeINBaHAEM BBIYHCIUTEIBHBIX
nponeccos / O. B. JlammmmH, b. K. Kemanos, b. XK. KyaToB // Hage:xHOCTh 11 Ka4eCTBO CIIOXKHBIX CHCTEM.
—2016. — Ne 4 (16). — C. 128-141.

5. Komonosa, O. A. Pa3paboTka 1 HCIIONB30BaHAE KOMITBIOTEPHBIX TpeHakepoB B MeTtamuryprum / O. A.
Komorosa, K. B. I'puroposuy, /1. B. I'opkyuia, JI. O. Tepebukuna // Tsxenoe mamuHocTpoenue. — 2017.
—Ne 1-2. - C. 55-61.

6. Climate Test Chambers WK3 WKS3 [Dnextponnsiii pecypc]. — Pexxum gocryma: https:/www.weiss-
technik.com/fileadmin/Redakteur/Mediathek/ Broschueren/WeissTechnik/Umweltsimulation/Weiss-
Technik-WK3-WKS3-EN.pdf (zata obpamenus: 19.07.2021)

7. SIMPATI Software. Installation and Operation Manual [OnekrponHblid pecypc]. — Pexum mocryma:
http://weiss-na.com/wp-content/uploads/Simpati_4.50_user_guide.pdf (zata o6parmenns: 19.07.2021)

8. Sketchup Help Center [OnexTponHsIit pecypc]. - Pexum JOoCTyma:
https://help.sketchup.com/ru/content/sketchup-make-and-sketchup-pro (mara o6pamienws: 25.07.2021)

9. Jlmzsie, C. . OcoOeHHOCTH CO3MaHMs aHUMAINWU TIPH pa3paboTKe 0OyHYaIOMIMX CHMYIATOPOB B Cpele
Unity / C. 1. Jluzse, P. C. MonoTtoB // BecTHHK YIIBSIHOBCKOTO TOCYNAapCTBEHHOTO TEXHHYECKOTO
yuusepcuteta. — 2016. — Ne 3 (75). — C. 41-43.

10.  Aomses, M. P. Unity kak cpeacTBO pa3pabOTKH MPOrpaMM ¢ BO3MOKHOCTBIO BHU3yaIH3alluid TCXHOJIOTHI
BUpTyanbHOH peanbHocTH / M. P. AGnses, ®. P. Ameros, W. 1II. Mesmtor // NudopmaunoHto-
KOMIBIOTEPHBIC TEXHOJIOTHU B SKOHOMUKE, 00pa3oBaHuu U conuanbHoi chepe. — 2016. — Ne 4 (14). — C.
71-75.

11. I'OCT P 51369-99. Metonbl HCTIBITAHUM HAa CTOMKOCTh K KIMMAaTUYECKUM BHEITHUM BO3JEHCTBYIOIIUM
(hakTOpam MauH, MPUOOPOB U IPYTHX TEXHUYECKUX M3/enuil. VicnbITaHus Ha BO3JEHCTBHE BIIAKHOCTH.
[DnexTponnsIit pecype]. — Pexxum moctyna: http://docs.cntd.ru/document/1200006116 (nata oOpamieHus:
11.07.2021)

HIasTuxosa JI.M., Mycakaes U.M.
Pa3pa0oTka KOMIIBIOTEPHOH MIPbI B dKAHPe «KApKaaa»

Cegepo-Kaexasckas eocyoapcmeennas akademus

(Poccus, Yepkecck)
doi: 10.18411/1j-08-2021-34

AHHOTAIIUS

B maHHO# cTaThe paccMaTpmBaeTCs pa3paboTKa apKagHOW WIrPhl, KOTOpas
MPEJCTaBIsIeT cOOOM MPOCTOE, UHTYUTHBHO MOHITHOE yMpaBICHHE HTPOBBIMU OOBEKTaMH,
I7Ie TI0JIb30BATENII0 HE HY)XHO HACTpauMBaTh M U3y4aTh YMNPABICHHE HUTPOM, UYTO MO3BOJSET
MPaKTUYECKH Cpa3y HayaTh UTPOBOM MpoLEecC.

KiioueBble cjioBa: KOMIBIOTEpHAsT WIpa, apKaJHas Wrpa, NPOrpaMMHUpPOBAHHE,
JU3aiiH Urp, PyHKIIMOHAIBHOE TECTUPOBAHHUE.
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Abstract

This article discusses the development of an arcade game, which is a simple, intuitive
control of game objects, where the user does not need to configure and learn how to control
the game, which allows you to start the gameplay almost immediately.

Keywords: computer game, arcade game, programming, game design, functional
testing.

Pa3paborka wim am3aiiH UTp - 3TO MPOLECC, KOTOPHIM HAYMHACTCS C WACH WU
KoHIenuu. Vaes urpsl MOXKET OTHOCUTBCA K OJIHOMY WJIM HECKOJBKUM >KaHpaM. Y pa3HbIX
KOMITAaHUH pa3Hble (opMalbHbIE NPOIEAYpPhl B OTHOIICHWH AM3aiiHa U pa3paboTku urp. He
CYILIECTBYET CTaHAAPTU3UPOBAHHOTO METOa pa3paboTKH, OJJHAKO €CTh OOIINe YEPThI.

[Ipunoxenue apkagHOH WIPHI - 3TO NPWIOKEHUE, B KOTOPOM HUIPOK YIPABISIET
00BEKTOM, BEPTHKAIBHO MEPEMEHIAIOIIUMCI O UTPOBOMY MO0, pa3pyluas MpensiTCTBUS
WIN TIPEoIoNieBasi UX. ApPKaJHbIe UIPbl BKIIOYAIOT B ce0s BCE MPOCKTHI KaHpa «(HaWTHHI,
HEKOTOPBIE UTPHI KAaHPA KTOHKW» U HEKOTOPBIE UTPHI JKaHPA KIIyTEP».

PazpaboranHoe WrpoBoe NPUIOKEHHE PACCUUTAHO HA HCIOJIB30BAHUE OIHUM
urpokom. Wrpa HayMHaeTcs ¢ UrPOBOrO TMOJs, B JIEBOM YacTU KOTOPOIO HAXOIUTCS
yhnpaBiseMblii  00beKT. Wrpok ympaBisieT camoJlIeTOM, KOTOPBIA MOXKET JBHUIaThCs
BEPTUKAJIBHO BBEpX U BHU3. [IpAMBIX BBIMTPHINIHBIX yciaoBui HeT. Llens urpoka - HabpaTh
KaKk MOXHO OOJIbIIIEé OYKOB 32 MPOXOJ OOBEKTOB, JABIKYIIMXCS HaBCTpedy Urpoky. Wrpa
3aKaHYMBAETCS, €CIIU MEePCOHAXK CTAIKUBACTCS C 00BEKTOM.

Pa3paborka Benach Ha si3bike mporpammupoBanus C# B cpeme paspaborku Visual
Studio. Microsoft Visual Studio - sto nmueiika mpoaykToB Microsoft, BKiItOUaroIas
UHTETPUPOBAHHYIO cpely pa3paboTKH NPOTrpaMMHOrO OO0ecledeHuss U psag  JAPYTHX
UHCTPYMEHTOB.

B pesynbrate pazpaboTku NpUIIOKEHUs ObUIa CIIPOEKTUPOBAHA TUArpamMMa KJIacCOB —
UML (pucynok 1). UML (Unified Modeling Language) - 3To 51361k rpadu4eckoro onmucaHus
JUIE OOBEKTHOTO MOJICTMPOBAHUS B 00JACTH pa3pabOTKH TMPOrpaMMHOTIO obOecreueHus,
MOJICTTUPOBAaHUSI  OM3HEC-TIPOIECCOB, CHCTEMHOTO MPOEKTUPOBAHUSA U  OTOOpaKEHUS
OpTraHU3aIMOHHBIX CTPYKTYP.

Audio 4% Player | [ Game | | Scrolling

+SoundValues() e -Vector3 direction +speed() : float

| I -Rigidbody2D body +DirectionType() : direction

Settings '[Unity.Ul | |+speed() : float T

+Settings() : SerializableSettings | | +lookAtCursor() : bool

| ! +KeyCode(upButton, downButton) : W, S —]

e +isFacingRight() : bool
Data Generator

+Highscore() : int e """ +Vector3() : spawnpos
+Settings() : SerializableSettings : Health : +GameObject() : object

+hp() : float +Count() : float

AV i
SerializableSettings fimage(): Hes

Hove +spawnWait() : float
- : q +CountDamage() : float - +startWait() : float
+MusicEnable() : bool ' RS S e 1tspeed() : float +waveWait() : float
+musicVolume() : float ' ' +Vector2() : direction ¥

+SfxEnable() : bool ' : '
+sfxVolume() : float ' Destroy : '
! +Text() : text ' [ Ammo | !
: +score() :float [T f=SFESSSS =g ﬁ """""""

Unity Physics +CountAmmo() : int

Pucynox 1 - [luazpamma kiaccos uepo8o2o npunoiceHus

HrpoBoe npuiiokeHue COCTOMT M3 JBYX CIEH: MEHIO M HMrpoBoro mnois. Mrpossie
O00BEKTBI MOXKHO pa3eiiuTh HAa TPU KAaTETOPUHU: TE€, KOTOPHIC OTBEUAIOT 3a CO3JaHHE WU
yHu4TO)KeHne 00BhekToB (GeneratorEnemy, GeneratorAmmo, DestroyObject); rpadudeckuii
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untepderic (Canvas u BIIOXKEHHBIE 00BEKTHI); U urpoBoe mnoise (Background, Middleground,
Foreground u Bio>xeHHBIE OOBEKTHI).

Oo6mwexT «Player» oTBevaeT 3a MoBeCHUE U JIOTHKY UTpOKa Ha UrpoBoM moje. K Hemy
OJKJIFOUeHBI KOMITOHEHTHI - Sprite Renderer, BoxCollider2D, Rigidbody2D, Player (Script),
Health (Script), Destroy (Script).

Komnonent «Sprite Renderer» orBeuaer 3a AByxMepHOe rpaduyeckoe npeacTaBiIeHne
urpoBoro oowsekta. Kommonent «BoxCollider2D» oTBeuaeT 3a 00pabOTKY CTOJIKHOBEHHH C
npyrumu  oobektamu. KowmmoneHT «Rigidbody 2D» noGaBisier wurpoBomy 0OOBEKTY
¢u3uueckre CBOMCTBA, TAKME KaK Macca, CKOPOCTb U YCKOPEHHE.

Komnonent «Player (Script)» oTBeuaer 3a nepemeleHie Urpoka rno UrpoBoMy IMoJIo.
OH 1o3BOJISIET Ha3HAYaTh YMPABJISAIONINE KIABUIIM, JOIMYCTUMBbIE HANpaBlICHUS JBHUKCHUS
(Project Aris), BO3MOKHOCTh MOBOPOTa OOBEKTa IO HAMPABICHUIO K YKA3aTENI0 MBIIIH
(LookAtCursor), a Takke TOTOJIHUATENBHYIO CKOPOCTD JBHKEHHUSL.

Komnonentr «Health (Script)» orBewaer 3a 3mopoBbe urpoka. OH ompeaenser
MakcuMajabHOe 3HaueHue 3710poBbi (Hp), cmoco0 oroOpaxeHuss ypoBHS 300pOBbS B
rpa¢puueckom uHTepdeiice urpsl (Lifes), ypon (CountDam - Bospact). Korma ypoBeHb
310pOBbsl yCTaHOBJIIEH Ha (, Wrpa 3aKaHYMBAeTCS M BBINOJHIETCS MEPEXOA B MEHIO
(3arpyskaetcs cuena «Mento»). KomnoneHnt «Destroy (Script)» oTBeyaeT 3a YHUUTOXKECHHE
BPAKECKUX MEPCOHAXKEH, MOJCUET OYKOB. TeKylee KOJIMYECTBO CHAPSI0B OTOOpakaeTcsl B
BEpXHEH YacTUIKpaHa.

O6bexT «Background» oTrBeuaer 3a oroOpakeHue ¢GoHa HUTPOBOro mpuiaokeHus. K
HEMY IMOJKIII0OUeH KOMIOHEHT «Scrolling (Script)».

Komnonent «Scrolling (Script)» oTBe4aer 3a HelpepbIBHOE JIBUKEHUE (DOHA C TOM ke
3alaHHol CcKopocThlo (Speed) m HampaBiaenueMm (Direction), KOTOpPBIH HCHOJB3YET JBa
WJICHTUYHBIX DJIEMEHTa, YTOOBI MPUMEHHWTHh MX B KauecTBe ¢oHa. [Ipm mBmkeHnu crnpasa
HAJIeBO B MOMEHT, KOT/Ia TNpaBbI Kpail (oHa mepecekaeTcs C IMpaBbIM KpaeM KaMephl,
co3/aeTcs HOBBIM (POHOBBIM OOBEKT, JIEBBIN Kpail KOTOPOTO COENUHSETCS C MpaBbIM Kpaem
npeapIaymero oobekTa. B MomMeHT, Korna (OHOBBIN OOBEKT MOKHUIAET KaMepy, 3TOT OOBEKT
yHHUYTOXaeTcs. braromapst sToMy co3gaercsi BHedaT/IeHHE HENpPEphIBHOTO ABIDKEHHs (poHa
BHYTPH JKpaHa.

O6bexkt «Middle Ground» oTBedaeT 3a OTOOpa)k€HHE NEKOPATUBHBIX AJIEMEHTOB
urposoro ¢gona. K Hemy Taxoke mojakiaroueH KoMrmoHeHT «Scrolling (Script)», oTBevaromuii 3a
MOCTOSIHHOE TIepeMeIlieHIe U OOHOBJICHHE IEKOPATUBHBIX AJIEMEHTOB.

O60bext «Generator Enemy» oTBeuaeT 3a Ciy4ailHyl0 TeHEpaIMI0 BPaKEeCKHUX
nepcoHaked Ha urpoBoM mnosie. K Hemy mnonkimtoueH kommnoHeHT «Generator (Script)»,
KOTOPBI OTBeyaeT 3a Ciy4ailHOE pAacHOJOXKEHHE MNPEMATCTBUSA Ha WIPOBOM IIOJE B
W3HAYAJIbHO 33/IaHHOM TipocTpaHcTBe. OHO 3amaercs mapameTpamu «SpawnPos (X, Y, Z)»,
npezcTaBisis codo mapautenenunen. Koopauaater X u Z yKa3bIBaIOTCS TOYHO, KOOPIWHATA
Y ykaspiBaeTcs MO MOIYJIO (CiydaiiHash TEHEepalusi OCYIIECTBISIETCS B JIOOOW TOUKe
npocTpaHcTBa ¢ koopauHaTamu (X; oT -Y 10 Y; Z)). [lanee yka3pIBaeTCsl KOJIMYECTBO THIIOB
BpPaXXECKHUX IepcoHaxeil (Size), OTIMYaroMMXCs CKOPOCThIO NMEPEABMKEHUS U pa3MepaMu.
Taxoke yka3bpIBaeTCs BpeMsi MPOCTOS TeHepaTopa IMOCJie Hadaiga Wrpbl, MO0 HCTCYCHHU
KOTOPOT0, TeHepaTop HauyMHAeT CIy4alHO pacroyarartb MPemnsaTCTBUS Ha HIPOBOM TIIOJIE.
[TocnemauM mapaMeTpoM KOMIIOHEHTa YKa3bIBaeTCs CpeaHEe BpeMs MEXIy TeHeparei
00BEKTOB.

O6wext «DestroyObjecty oTBewaeT 3a YHUUYTOKEHHE HUIPOBBIX OOBEKTOB,
NOKUHYBIIUX UrpoBoe mnoie. K Hemy noaxmouen kommnoneHT «BoxCollider2Dy.

O6nbekT «Canvasy OTBEYaeT 3a OTOOpaKEHHE AJIEMEHTOB Tpaduueckoro uHrepdeiica,
NOKa3aHHBIX Ha pucyHKax 2 u 3. OH coaepxuT 00BeKTh Scorey, «withLifes» u «6e3Lifesy.

OOBeKT «Score» OTBEUaeT 3a OTOOpaKEHHE TEKCTa C KOJIMYECTBOM OassioB BBEPXY
JKpaHa.
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Pucynox 2 - Uumepdgeiic uepvi

GAME OUER

SCORE. D
HIGH SCORE: 3

= >

Pucynox 3 — Humepdeiic menio

Jns  mpoBepku paboOTOCHOCOOHOCTH HIPOBOIO MPHIOKEHUS OBLIO MPOBEICHO
(YHKIIMOHATTFHOE TECTUPOBAHHUE U TECTHPOBAHNE F03a0MITUTH.

@DyHKIMOHAIBHOE TECTUPOBAHUE - 3TO TECTUPOBAHUE MPOIPAMMHOI0 O0OECIeYeHUs ¢
[EeNBI0 TIPOBEPKU BBIOJHUMOCTH (PYHKIMOHAJIBHBIX TpPEOOBaHMA, TO €CTh CIIOCOOHOCTH
IPOrpaMMHOr0 OOECIeUYeHHs pellaTh 3a/Jadyd, KOTOpble HEOOXOAMMBI MOJIb30BATEISIM IpU
OTIPEICICHHBIX YCIIOBHSIX.

KO3a0unuty - TeCTUpOBaHME - 3TO METOJ] OLIEHKHU 103a0MINTH MPOAYKTa, OCHOBAHHBIN
Ha MPUBJICUYCHUH MOJH30BaTENIeH B KAYECTBE TECTUPOBIINKOB U 00OOIIEHNH MOTYYSHHBIX Ha
MX OCHOBE BBIBOJIOB [3, ¢.198].
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