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AHHOTaNNA

OOBEKT HCCIICAOBAHMS - 3a0POIICHHBIC CEIbX033EMITH PA3JIMYHON JaBHOCTH Ha TEPPUTOPUH TBEpCKOii 00-
nacti (30Ha FOXKHOW Taiirn). Penbed Tepputopmu xonmucteid. Kaxaplit U3 Tpex Xo0JMOB HccienoBaics B 4
HATIPABJICHUSX — CCBEPHBIN, I0XKHBIH, 3aITaHBII 1 BOCTOYHBIN CKJIOHBI, a TAK)Ke BepinuHa xoamoB. Llens uccie-
JIOBaHUS — OI[CHKA BHJIOBOTO Pa3HO0O0pa3usl PACTUTEILHOCTH HA CEIbXO03YTOMSX, 3a0pOIICHHBIX B pa3HbIC TICPU-
OJTBL.

Yd4er pacTHTENFHOCTH OCYHIECTBIISLICS Ha KPYroBHIX mwiomiankax mo 10 m2. JIpeBecHas pacTUTEIBEHOCTh
MpecTaBlIeHa Oepe30i, COCHOM, OCHHON M 0NbX0i. YacTh AepeBhEB UMCIOT UCKYCCTBEHHOE MPOUCXOXKICHUE —
9TO TOJIC3ANIUTHBIC MOJIOCKHI, PSIOBBIC MMOCAIKU BIOIb JOPOT U MEIHOPATHBHEIX KaHAB, OIMHOYHBIC AEPEBHS TI0
KpOMKaM Tojiel. YHNCIIEHHOCTD IepeBhEeB BaphUPYET B IUPOKUX Ipeaenax — ot 20 mo 67 3k3./ra.

[oxpocT mpeacraBneH B OCHOBHOM Oepe30id, OCHHOM W COCHOHM 00IIel 4rciaeHHoCThIo 10 2867 3k3./ra. B
TIOJJTECKE Yallle BCETO MBa KO3bs U psiOMHA 0OBIKHOBEHHAsS, OOIIEH YUCIIEHHOCTRIO OT 33 10 2566 3K3./Ta.

Y cTaHOBIIEHO, YTO B COCTABE JKUBOI'O HAITOYBECHHOT'O ITOKPOBA HA 3a0POIIICHHBIX CEIbX033EMIISIX BCTPEYACTCS
63 BHa BBICHINX PACTCHUH, IPpeo01aaaroT 31aku. KonumuecTBo BUIOB 10 OTACIBHBIM dJIEMEHTaM peiibeda cocTa-
nsiet 19-28 BunoB. B nepBbie rojipl cMeHa pacTUTENBHBIX aCCOIMAIIMNA TPOUCXOAUT JUHAMUUHO. BU10BOI cocTaB
TPaBOCTOS Ha OBIBIIMX MANIHAX cTadbmam3upyercs uepes 15-20 ner.

Abstract

The object of the research is the deserted agricultural territories of various ages, located in the territory of
Tver’ region (the zone of South taiga). The geography is hilly. Each of three hills was examined in 4 directions:
North, South, Western and Eastern braes, as well as hill’s peaks. The goal of the research is to assess the species
diversity of the flora of farmlands deserted in various times.

The recordings of the flora have been accomplished at round landings 10 sg.m. each. The forest cover is
represented by birches, pines, asps and alders. Some of trees are human-made, namely forest shelter belt, ordinary


https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/Doctor+of+Biological+Science
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filling-ups along roads and ameliorative ditches, scattered trees near fields’ borders. The number of trees varies

significantly — 20 to 67 pcs./hectare.

New growth is mainly represented by birch, asp and pine totalling up to 2867 pcs./hectare. There are goat
willow and roan-tree in the understory, totalling 33 to 2566 pcs./hectare.

It is ascertained that forest live cover of deserted agricultural lands consists of 63 species of higher plants,
mostly grass plants. The number of species which belong to various topographic features is 19-28 species. In the
beginning years growing associations change dynamically. The floristic composition of the plant formation is

being stabilized in 15-20 years.

KuaroueBble ciioBa: 66})633, IIOJIECOK, JKUBOH HaImOYBEHHBIN TOKPOB, CCIBbXO33CMIIN.
Keywords: birch, forest understory, forest live cover, agricultural lands.

BBenenue. [IpoGiiema 3apactanus OBIBIIUX CEIb-
xo3yroauii anst Poccuu siBnsieTcst akTyaabHOU 10 CEro-
JHSIIHEro AHs. [10 TaHHBIM MHHHCTEPCTBA CEILCKOTO
xo3stiicTBa Oosiee 40 MITH. Ta 3a0POIICHHBIX MAIllCH, Ce-
HOKOCOB M MAaCTOMII[ IO BCEH CTpaHe HYXKIaeTcsl B pe-
KynbTuBanuu [4-8]. XKuBoil Hamo4YBEHHBINH MOKPOB, B
YaCTHOCTH TPaBSHOI, HT'PaeT OTPOMHYIO POJIb B KH3HU
meca [1, 3, 8, 9, 10]. YcroitunBblii HaNIOYBEHHBIH MO-
KpOB, KOTOPBIA HPEICTaBICH OOBIYHO TEHEBBIHOCIIH-
BBIMU BHJIaMHU, NosiBiisieTcs ciycTst 15-20 ner. B ocHOB-
HOM Xe, KaK IPaBiI0, POPMHUPYETCSI XapaKTEPHBIN THIT
pacTuTenbHBIX (hopMmarmii — 6epe3HsK 3makoBbIid. Of-
HaKo, Oepe3HsK 3JIaKOBBI HE OTIMYAeTCS OONBIION
CTaOMIBHOCTBIO U CO BPEMEHEM CMEHSIETCS OJHUM U3
OCHOBHBIX THUIIOB JieCa, COOTBETCTBYIOIIUX JAHHBIM
KOHKPETHBIM yCIoBH:M [8, 9, 10].

Iesn uccea0BaHUA — OIICHKA BUJIOBOTO Pa3HO-
00pa3us pacTUTEIFHOCTH Ha IAIIHAX, 3a0pOLICHHBIX B
pa3Hble NepUOBL.

O0bekThI M MeToaHKa. OOBEKT UCCIIe0BaHuS -
3a0pOIIIEHHBIE CEJIbX033EMJIIH Pa3IMuYHON JaBHOCTH Ha
Tepputopun TBepckoil obnacTy (30Ha F0XKHOH Tairy).
Penred Teppuropun xommucTsiii. Ha cenpxo33emirsix B
HACTOSAIIEE BPEMsI MPOU3PACTAIOT IEPEBbs, KOTOPHIC
OBUTH BBICAXKEHBI MITH MOSIBUIINCH CAMOCEBOM €IIIe TIPH
MCTIONB30BaHUH ATHX 3eMeJb [0 Ha3HAYCHHUIO (TI0M1e3a-
HIMTHBIE MTOJIOCHI, PSIIOBBIE MOCAAKH BJIOJIb JOPOT U Me-
JIMOPATHBHBIX KAHAB, OIMHOYHBIE IEPEBBSI 10 KPOMKAM

nojiei). Bo3pact Takux gepeBbeB cocTaBiseT 45-65
JIET IS JINCTBEHHBIX TopoJ, u okono 100 et s ne-
peBbeB COCHBI. JlepeBbs BIIOJIb JOPOT UCTIOIB30BAINCH
KaK CHEro3aJepKMBAIOIINE, BBHICAKCHBI OHHM OBLIH B
1963-1964 rompsl. Jlo mocaaku IepeBbEB BIOIb JOPOT
YCTaHaBJIMBAJIMCH CHET03aIePKUBAIOLIUE IIATAIIIH.

Kaxnpii U3 Tpex XoJMOB wuccienoBaics B 4
HaIlpaBJICHUSAX — CEBEPHBIN, I0KHBIN, 3aNIaJHBIN U BO-
CTOYHBIH CKJIOHBI, 8 TAKXKE BEPIIIMHA XOJIMOB U BHH3 IO
CKJIIOHY 3aKIIaJbIBAIUCh yUYETHHIC IUIOMAIKH IO W3-
BECTHOH MeToauke [2, 3]. Yuer u rma3oMepHO-H3MepH-
TeJbHAsI OIEHKAa €CTECTBEHHOTO BO30OHOBJICHHUS MPO-
BOJMJIMCH TI0 XOJJOBBIM JIMHUSAM, KOTOPBIE PAaBHOMEPHO
pa3memanucek Ha 00BexTe. [l yaera moapocTa u pac-
TUTEJIHFHOCTH HWKHHUX SPYCOB 3aKJIaJILIBAIUCH KPYTO-
Bbl€ YUYETHBIE IUIOIMIAIKA C TMOCTOSIHHBIM PaJUyCOM
178,5 cM. [Ipu 3TOM y4HUTBIBAaIOCH COCTOSIHHE ITOAPO-
CTa, ero KOJIMYEeCTBO, COCTAB, BCTPEUYaEMOCTh U CTPYK-
Typa o BhICOTe. Ha KpyroBBIX IUIOMAAKAX YIUTHIBATH
TaKKe MOAJIECOK (COCTaB, KOJIMYECTBO U CTPYKTYPY MO
BEICOTE) U )KHBOW HATIOYBCHHBIA TOKPOB (BHUIOBOM CO-
CTaB, MPOEKTUBHOE MOKPHITHE U BCTPEYAEMOCTh 110 BU-
JiaMm).

PesyabTaTsl  ucciaepoBanus. OOciemoBaHme
XOJIMOB TIO YETHIPEM CKJIIOHAM IOKa3BIBACT, YTO B CO-
CTaBe JIPeBOCTOEB Oepe3a mpeodiajaeT Ha BepIInHAX
X0JIMOB, IO 3aragHbIM U BOCTOYHBIM CckioHam (Tad-
nuna 1).

Tabmuua 1
XapakTepucTHKa 00bEKTOB HCCIIEIOBAHUS
Pacnonoxenue C kakoro roja . ITpumepHsbIit OO0m1as yncnen-
Howmep CocTaB apeBecHOM
o6BeKIa OIIBITHOTO 00B- 3emMiu 3a0po- pactuTebHOCTH, % BO3pacT Jiepe- | HOCTh JIEPEBHEB,
eKTa HICHBI BbEB, JIET 9K3./Ta

1. 3anaJHbli CKIOH 1998 751C205c 65 42
2. BOCTOYHBIH CKJIOH 1998 5Bb1C40c¢ 65 26
3. CEBEPHBIN CKJIOH 1998 901clb 45 24
4. F0’KHBII CKIIOH 2000 Bo300HOBIICHNS IPEBECHBIMHU ITOPOAAMH HET
5. BOCTOYHBIH CKJIOH 1997 5B50c¢ 60 33
6. F0’KHBIN CKJIOH 1994 9510c+E 65 20
7. 3anaJHbli CKIOH 1997 9510c+C 60 36
8. CEBEPHBIN CKIOH 1997 6540c+0mnc 55 30
9. BOCTOYHBIH CKJIOH 1998 7520c¢101c 50 39
10. CEBEPHBIN CKIOH 1998 50¢3Bb201c 50 67
11. 3anaHbIN CKIOH 1990 10b+Omc 60 32
12. F0’KHBII CKJIOH 1998 5b510c¢401c 55 67

Ha 6pIBIINX MOJIAX, CEHOKOCAX M MacTOMIIax Ipo-
M3pacTaroT KpYIHbIE IepeBbsl B KonnuecTBe OT 20 10
67 ox3./ra. C yuacTueM 3THX JEepeBhEB Ha 3a0pOIICH-
HBIX 3eMJIIX (POPMHPYIOTCS JTMCTBEHHBIC MOJIOJHSKH,
YUCICHHOCTh KOTOPBIX TOCTUTACT 3 THIC./Ta (CEMEHHOE

Y BETETaTUBHOE caMOBO300HOBIIEHHE). B coctaBe dop-
MUPYIOIIMXCSA JIECHBIX (DUTOIECHO30B dYallle BCETO
YYaCTBYIOT OJJHH ¥ T€ YK€ BHIBI JIPEBECHBIX PACTCHHIA:
Oepesa, ochHa, onlbxa. bepesa MPUCYTCTBYET Ha Beex
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00bekTax. 3HAYUTEIHHO PEXE, M B HEOOBIITNX KOJIH-
YeCTBaxX MPHCYTCTBYIOT COCHA | €11b (CM. Tabum. 1).

B xone uccienoBanus ObLIO YCTaHOBJIEHO, YTO
YHCJIEHHOCTh MOJIOJIOTO TTOKOJICHHS J1eC000pa3yroLux
MOPO/T Ha 3a0POIICHHBIX CEIbX033EMJISIX, B 3aBUCHMO-
CTH OT JICCOPACTUTEIBHBIX YCIOBUH U TAaBHOCTH H3ME-
HEHHS CTaTyca 3eMellb, KOJICOIETCS B IMUPOKUX TIpeIe-
nax, ot 240 1o 2867 3k3./ra.

Kak BuaHO 13 TaOJMIBI COCTaB, YMCIEHHOCTh K
JIPyTUe XapaKTePUCTHKH MOJIOAOTO TOKOJEHUs JApe-
BECHBIX PACTEHHIT 110 00BEKTaM UCCIICIOBAHUS CHIILHO
pa3inuyarTcs. DTO OOBICHACTCS Pa3IMYHON IaBHO-
CTBIO M3MECHEHUS CTaTyca 3eMeJIb U PA3IUUUSIMH YCIIO-
BHI MECTONPOU3PACTAHUSL.

Tabmuma 2
CocTaB ¥ YHCICHHOCTb MOAPOCTA
No /i DKCITO3MIIMS CKIOHA YUCIeHHOCTE, 3K3./Ta COCTaB

1 3arma Hbli CKIOH 600 9bmnioB1C

2 BOCTOYHBIH CKJIOH 667 4bno3C30c¢

3 CEBEPHBIN CKIOH 240 7bnos3C

4 FO’KHBIN CKJIOH BO300HOBIICHHUS! IPEBECHBIMU MTOPOJIAMHU HET

5 BOCTOYHBIH CKJIOH 633 5bnoB50¢

6 FO)KHBIN CKIIOH 700 7bnoB1Oclbnym+]]
7 3arma HbIi CKIOH 1800 9bnoB1Oc+E

8 CEBEPHBIN CKIOH 900 6bnos40c¢

9 BOCTOYHBIH CKJIOH 1900 60c4bmos+C

10 CEBEPHBIN CKIOH 2867 8bnoB20c+C

11 3ama HbIA CKJIOH 732 7E20c1bmoB

12 FO)KHBIA CKJIOH 267 6C4bnos

B xoze nccnenoanus ObIIO YCTAaHOBIEHO, YTO HA
CKJIOHaX XOJIMOB BO300OHOBIIEHHE UIET B OCHOBHOM Oe-
pesoii mosucioi. Ha obbvektax 9, 11 u 12 B cocrase
dhopMupyromuxcs GUTOIEHO30B MPEOOIaTal0T OCHHA,
COCHA U €J1b. B 3aBUCUMOCTH OT JaBHOCTH 3a0pOIIICH-
HBIX TIOJICH B COCTaBe MOAPOCTA HEPEAKO MOSIBIISIOTCS
cocHa u eib (00wekThl 1 1 2, 3, 11, 12. Kak BumHO U3
Tabmuil 1 1 2 onabxa cepas ¥ OCHHA IpeoOIagaroT Ha
CEBEPHBIX M BOCTOYHBIX CKJIOHAX XOJIMOB.

[Momrecok mpencraBiieH UBOM KO3beH M pPIOMHON
O0OBIKHOBEHHOH, YUCIIEHHOCTh KOTOPOTO COCTABIISET OT
33 10 2566 »k3./ra. TonbKO Ha 00BEKTE 2 IOIJIECOK
MIpeICTaBIIeH S0TOHEH OOBIKHOBEHHOH, a Ha 00BeKTE 3
s00Hs mpeodnamaet. M3penka Ha 3a0pOMICHHBIX 3eM-
JISIX IIOSABIISIETCS Yepemyxa.

Bunosoil coctaB, KOJIMYECTBO MOIPOCTA U IOA-
JIECKa 3aBHCHUT OT BHJIAa UX HCIOIb30BaHUS B IPOILIOM
(macTOwuIa, CEHOKOCHI, MAaIlHN) U OT XapaKTEePHUCTHK
TTOYBBI.

B cocTaBe xuBOro HaIIOYBEHHOT'O MTOKPOBA BCTpE-
yaeTcst 63 BUJa BBICIIMX PACTEHUH U HECKOJIBKO BUIOB
3eJIeHBIX MXOB. [IpH NpoBeleHNN Y4eTHBIX padoT 1o
OTJENbHBIM 00BbeKTaM 3aUKcHpoBano ot 19 no 28 Bu-
0B, TaoI. 3.

Ha 10HBIX W 3amafiHbBIX CKJIOHAX INpeoliamaroT
371aKH, WBaH-4ail M KJIEeBep KPacHbBIM, HAa CEBEPHBIX U
BOCTOYHBIX CKJIOHAaX MNpeoONafaloT TyIHUK JIECHOM,
MBaH-a-Mapbs, €xka cOOpHas, XBOII ITOJICBOH.

Tabinuna 3
CTpyKTypa JKMBOTO HallOYBEHHOTO TIOKPOBA
Ne 00B- Konngectso Bu- IIpoexTuBHOE OKPHITHE, Koni1ecTBo 81108 110 rpynmam
eKTa JIOB % 37aku | OOOOBBIC | MEIKOTPABhE ?:g
1 19 123 2 2 14 1
2 21 116 3 2 13 2
3 24 108 3 2 17 2
4 26 98 3 1 20 2
5 28 90 3 2 20 3
7 28 102 4 3 17 4
8 26 101 3 3 17 3
9 26 120 3 2 17 4
10 25 113 2 2 19 3
11 19 39 2 0 13 4
12 25 119 2 2 18 3

B 1ieniom, B coctaBe TpaBOCTOsI MPEOOIAAAIOT 37aKH, KJIEBEp KPACHBIH, 38ep000ii, 30I0TapHUK, XBOIIL TTOJIe-

BOH, TaOI. 4.
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Tabmuma 4
BuoBoii coctaB JOMHHAHTOB Ha 00BEKTax MccienoBanus (BcrpedaeMocTh bosee 50%)
Howmep ni/mt Hassanne suna Berpewaemocts Buaa, %
PYyCCKOe JJATUHCKOC
1 Bacwuiiek syroBoit Centaurea jacea L 83,3
2 JlymHuK JiecHO# Angelica sylvestris L. 66,7
3 Eska cOopHast Dactylis glomerata L. 91,7
4 3Bepoboit iepdhoprpoBaHHBII Hypericum perforatum L. 100
5 3eMIIIHHKA JIECHAS Fragaria vesca L 58,3
6 3050TapHIK OOBIKHOBEHHBIN Solidago virgarea L 91,7
7 WBaH-na-mapbs Melampyrum nemorosum L. 58,3
8 WBan vaii Chamaenerion angustifolium L. 83,3
9 KieBep kpacHblii Trifolium pratense L. 91,7
10 OcoT 1moJIeBO Cirsium arvense (L.) Scop. 75,0
11 JlarmyaTtka mpssMOCTOsYas Potentilla erecta (L.) Raeusch. 75,0
12 MBUIBHSIHKA JICKaPCTBEHHASI Saponaria officinalis L. 58,3
13 ITomMapeHHUK HACTOSIIHNA Galium verum L. 75,0
14 IToJIBIHE TOpBKast Artemisia absinthium L. 83,3
15 TeicstuenuctHuK 00bIkHOBEHHBIN | Achillea millefolium L. 75,0
16 XBoIIl T0JIeBOI Equisetum arvense L. 100

Ob11ee MPOEKTUBHOE TOKPBITHE JOMUHUPYIOIINX
BUOB TpeBbimaeT 50%. BerpedaeMocTs 3THX BUIOB
Ha o0bekTax uccuegoBanus gocruraer 100%. Ha man-
HOM CTaJluy Pa3BUTHS JIECHBIX (DUTOIIEHO30B B COCTABE
JKMBOTO HAITOYBEHHOT'O TIOKPOBA JIECHBIE BUIBI COCTAB-
nsttoT He 60itee 10 % oT 00IIero KoTMYecTBa YITEHHBIX
BHUJIOB.

BriBoasl

JlpeBecHbIE TMOPOABI, 3aCENAIOMINE 3EMIIH, BBI-
MIEAIINE W3 CEeIbCKOXO3SHCTBEHHOTO I0JIb30BaHMUA,
mpecTaBiIeHbl Oepe3oi, OCHHOH, OoMbXol. B enmuHu4-
HBIX CIy4asX BCTPEYAIOTCS U XBOMHBIC MOPOJbI —
cocHa u enb. OOmIast YUCIEHHOCTH JIeCO00Pa3yIOIINX
nopoy jocturaer 2,9 Teic./ra.

B cocraBe mojsiecka Ha 3a0pOMIEHHBIX 3EMIISX
CeNTbCKOXO35IICTBEHHOI'O Ha3HAueHHs BCTpeuaercs: 4
Bu/1a. YMCIIEeHHOCTH MOyIecKa Ha 00BEKTax HCCIIe0Ba-
HUS BapbupyeT oT 33 1o 2566 3K3./Ta.

B xHMBOM HamoYyBEHHOM IOKPOBE IIPOM3pacTacT
63 BHIIA BBICIINX PACTEHHI W HECKOIBKO BHIOB 3eIe-
HBIX MXOB. Ha mepBoii cTagiu pa3BUTHS JECHBIX (pUTO-
1eHo30B (15-20 jeT) B cocTaBe )KUBOTO HAIOYBEHHOTO
MOKPOBA JIECHBIE BUJIBI COCTABISIOT HE Oosnee 10 % ot
00I11Iero KOJIM4eCcTBa yYTEHHBIX BHIIOB. B coctaBe Tpa-
BOCTOsI MPeo0IafaloT 371aKH, KJIeBep KpPacHBIH, 3Be-
po0oii, 30JI0TapHUK, XBOL MOJIEBOM.
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JUHAMMUKA T'OJIOIIEHOBBIX APEAJIOB KOIIBITHBIX /KUBOTHBIX IOI'O-BOCTOKA
3AIIATHO CUBUPU
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HayuHbvill COMpPYOHUK, K.0.H.
Hncmumym sxonozuu pacmenuii u sicueomuuvix YpO PAH,

DINAMICS OF HOLOCENE RANGERS OF UNGULATES IN THE SOUTH-EAST OF WESTERN
SIBERIA

Devjashin M.
Researcher, PhD
Institute of Plant and Animal Ecology

AHHOTALUSA

IIpoBezaeH aHamu3 reorpauuecKoOro pacipeaeicHuss OCTATKOB KOIBITHBIX U3 MECTOHAX0XKICHUN BO3PACTOM
7000 — 200 et Ha3aj Ha 10oro-BocTOKe 3anaaHoi Cnbupu. Ha npoTspkeHnH rosoneHa Ha TEpPUTOPHH PaBHUHHOM
Y4acCTH I0T0-BOCTOKaA 3anaz[H0ﬁ CI/I6I/IpI/I oburaio 13 BHUJ0B KOIIBITHBIX. B Teuenne TOoJIOLICHA MPOUCXOAUIIO ITOCTEC-
IICHHOC OGeI[HeHI/Ie COCTaBa (l)aYHLI KOIIBITHBIX MJICKONHUTAIOINUX B PE3YJIbTATC ABYX IMPOLECCOB: BbEIMHPAHUSA
(Typ, IUKas Tomaab, THTAHTCKHA OJICHB) M COKpAIIlEHHs apeaoB (0IaropoIHBIH OJICHb, caliTa, JDKeHpaH, I3epeH,
apxap). Apeainsl psna BUAOB (kabaH, T0Ch, CHOMpPCKash KOCYJS) B MOCICTHIE CTOJETHS MOKA3BIBAIH CIOXKHYIO
JAUHAMHKY, B PE3YJIbTATC YCTO 3THU BUAbI IOJIHOCTBIO NCYE3aJIN C paCCManPIBaeMOfI TCPPUTOPUH, HO B HACTOAIICE
BpEMs BOCCTAHOBMJIN CBOU ape€alibl.

Abstract

An analysis is made of the geographical distribution of the remains of ungulates from archaeological sites at
the age of 7000 - 200 years ago in the southeast of Western Siberia. During the Holocene, 13 ungulate species
inhabited the plains of the southeast of Western Siberia. In the Holocene, there was a gradual decrease in the
composition of the fauna of ungulate mammals as a result of two processes: extinction (round, wild horse, giant
deer) and range reduction (red deer, saiga, gazelle, dzeren, argali). The ranges of a number of species (wild boar,
elk, Siberian roe deer) in recent centuries have shown complex dynamics, as a result of which these species com-

pletely disappeared from the territory under consideration, but now have restored their ranges.
KuaroueBsie ciioBa: 3anagaas CuOupb, TOJIOIEH, KOMBITHEIC, payHa, Tane0300JI0THs.
Keywords: Western Siberia, Holocene, ungulates, fauna, paleozoology.

3a mocyeAHNE CTONETHS 3HAYUTEIBHO yCUIMINCH
WU3MEHEHHSI, IPOUCXOAIINE B HKOCHUCTEMAX IUIAHETHI
O] BO3JCHCTBHEM aHTPOIMOTeHHBIX (hakTopoB. Jlis
00BEKTUBHOM OIIEHKHM CTEMEHU JTHX HU3MEHEHHH, HMX
HAINpaBJICHHOCTH U BBIPA0OTKH CTPATEru MO COXpaHe-
HHUIO OMOpa3HOOOpa3usi HEOOXOJMMBI 3HAHUS O MPO-
neccax (OpPMHPOBAHUSI COBPEMEHHBIX JKOCHCTEM M
Pa3BUTHSI UX OTJCJIBHBIX KOMIOHEHTOB. [Iputom, ecnu
paboTHI 110 peBU3UH U AMHAMHUKE (payHBI MICKOIIUTAIO-
IIMX B IUIEHCTOLIEHE OTHOCUTENBHO MHOTOYUCIICHHBI,
M3y4YECHHUIO ToJoneHoBOM (aynsl 3amanHoit Cubupu
MOCBAIICHO HEMHOTO padoT. Cpean HUX BCTPEUAIOTCS
00001IeHNS JaHHBIX IS OTACIBHBIX MM HECKOJIBKHX
MECTOHAXOX/ICHHUH, CTPYIIUPOBAaHHBIX IO Teorpadu-
yeckoMy mnpuHiuny (Hanpumep: Kocunres, 1988;
bonpapes, Kaccan, 2006; Kocunnes, SBmesa, 2006;
Kocunnes, Ssmesa, 2009; J[lepsmmH, KocuHies,
2013), Tak ¥ 1O MCTOPUHU OTIEIBHBIX TAaKCOHOMHYE-
CKHUX TPy MJIEKOMUTAIOMINX, JTHOO0 OT/IEBHBIX BUIOB
WJIM TPYIIT BUAOB OJM3KHUX BHJIOB — CHEXXHOTO OapaHa
Ovis nivicola (OBoxos, 1999), 3aiina Tonas Lepus tolai
(OBonoB, MaptrHoBHY, 2008), cypkoB Marmota gen.
(HesstmmH u 1p., 2019) u .11

OnHUM K3 BaXHBIX KOMIOHEHTOB COBPEMEHHBIX
9KOCHUCTEM SIBIIAIOTCSI KOIBITHBIE MJICKOIHTAIOIIHE.
IIpencraBurenu 3Toil rpynnbl — NEPBUYHBIE KOHCY-
MEHTBI, OKa3bIBAIOIINE HEMOCPEICTBEHHOE BINSHHE Ha
(bUTOLIEHO3bI; OCHOBHBIC KEPTBBI KPYITHBIX XUIIIHUKOB;

MIPOKOPMHUTEIH Pa3HOOOPA3HBIX Mapa3nuToB. X KoCT-
HBIE OCTATKH CITYXaT NCTOYHUKOM JIaHHBIX IS T1AJIE0-
9KO3KOTMUYECKUX PEKOHCTPYKIHUII B OOJIbIIEH CTENeHH,
4YeM JIpYTruX BUIOB KPYIHBIX MIEKONUTAOUX. B pa3-
JIMYHBIX THIIAX MeCTOHaXO)K}leHI/Iﬁ OCTaTKu npeacra-
BUTEJE OSTOW rpynmbsl Hanbojiee MHOTOYHMCICHHBI
CpeAr OCTAaTKOB BCEX IPYII KPYHHBIX MIIEKOIHTA0-
HX.

Llenbro HacTosel paboTHI SIBIISIECTCS aHAIN3 T€0-
rpaduyeckoi ¥ BpeMEHHON JMHAMHUKH cocTaBa (ayHbl
KOIIBITHBIX MJICKONHUTAIOIINX HA TEPPUTOPUH PaBHUH-
HOW 9acTH FOT0-BOCTOKA 3amagHoit Cubupw.

Marepuan 1 METOABI

Pailon uccnenoBaHus OXBaThIBAET TEPPUTOPUIO
Mexay 59 u 50° c.ur. u ot Gacceiina p. UpThim Ha 3a-
nmajae u Oacceiina p. O0b Ha BocTOKe. B amMuHmCcTpa-
TUBHOM OTHOIIeHHH 3aHuMaeT Omckyro, HoBocnbup-
ckyto, KemepoBckyro obnmactu, Antaickuil Kpai, oT-
JIeNbHBIC p-HBI TOMCKOWM 00JIacTH, a TaKKe CeBepo-
BocTO4HbIEe paiioHbl PecryOmku Kazaxcran. Ha tep-
PHUTOPHH PETHOHA C CEBEpa Ha I0T CMEHSIIOT JPYT Apyra
TIOJITae)KHasl, JIECOCTEITHAs U CTeIHas 30HbI. B mpene-
JIaxX 9THX 30H NPUPOAHBIE YCIOBHUS HE3HAYUTEIHLHO Me-
HSIOTCS C 3aI1aja Ha BOCTOK.

B pabote m3ydeHbl OpUTHHAIBHBIE U OITyOIHKO-
BaHHbIEC JaHHbIE O KOCTHBIX OCTATKaX KOIBITHBIX XKH-
BOTHBIX 13 306 MECTOHAXO0XKIECHHH I'OJIOLIEHOBOTO BO3-
pacra. bospiast yacTe MaTepuana NPOUCXOAUT U3 MHO-
TOCJIOWHBIX apXEOJIOTHYECKHX CTOSHOK M IIOCEJICHU 1
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JaTHPOBaH, UCXO U3 UX KyJIbTYPHOU MTPUHAIEKHO-
ctu (Tpounxkas, HoBukos, 2004). Ilo GoIBIINHCTBY
MECTOHAXOX/ICHUH UMEIOTCS palU0yTIIEPO/IHbIE AaThI.

MecToHaX0XIeHHsI CIPYIIIMPOBAHBI B COOTBET-
CTBUU C TepuojaMu TosoleHa (XOTUHCKHA U Jp.,
1991): cpemumit (aTmaHTHYECKHA U CyOOOpeabHBIN
nepuonsr, AT-SB, 8000-2600 1. H.) u o3mHMIA (Cy0-
aTiaHTH4Yeckuil nepuon, SA 2600-250 n.H.). Mectona-
XOXJICHUS, TaTHpyeMble paHHAM TOJOIEHOM (Tpebo-
peanbHBIA U GopeanbHEI niepuoasl, PB—BO, 10200—

8000 11.1.) Ha Tor0-BOCTOKE 3amagHoit CuOMpH MpakTh-
YEeCKH He MPE/ICTaBICHBI.

Pesynbrarsl

B rosioneHOBBIX OTIIOKEHHSIX HCCIIEIyeMOro pe-
THOHA MPEACTaBIEHbl HAXOAKUA 13 BHUIOB KOIBITHBIX
JKUBOTHBIX (Tab1. 1). VI3 HUX Tpu Buaa BEIMEPIIH B pa3-
HOE BpeMs B TOJIONCHE (JUKas JIOMAAb, TYp U THTaHT-
CKHUI OJIeHb), TIATh BUIOB COKPATWJIA CBOW apeajbl U
WCYE3NT W3 peruoHa (KyiaH, OJIaTOPONHBEIA OJICHB,
caiira, 13epeH, [kelpaH), OCTAIbHBIC BUIBI OOUTAIOT B
PETHOHE TI0 HACTOSIIIEE BPEMS.

Tabmuma 1
BuoBoii cocTaB KONBITHRIX )KUBOTHBIX 1ora CHOMpPH B TOJIOICHE
Bux [lepuon romoneHa CoBpemen-
AT-SB SA HOCTh
Kyman (Equus hemionus) + + -
Jukas nomans (Equus ferus) + - -
KaGan (Sus scrofa) + + +
Cubupckas kocyist (Capreolus pygargus) + + +
I'urantckuii onens (Megaloceros giganteus) + - -
Braropoamsiit oensb (Cervus elaphus) + + -
Jlocs (Alces alces) + + +
Cesepusiii onens (Rangifer tarandus) + + +
Jzepen (Procapra gutturosa) + - -
Typ (Bos primigenius) + - -
Jlxeiipan (Gazella subgutturosa) +? - -
Apxap (Ovis ammon) + + +
Caiira (Saiga tatarica) + + -

[T

[Iprmeganne. “+” — BUA MPUCYTCTBYET,

Kymnan (Equus hemionus (Pallas 1775)). Koctasie
OCTaTKU KyJlaHa OMHUCAHbI B 8§ MECTOHAXOXKICHUAX, UX
0oJbIIas YacTh TATHUPYETCS CPEeIHUM rojionieHoM — AT
u SB nepuomamu. B 310 Bpemsi mpHUCYTCTBUE KyJiaHa
OTMEUCHO JUIS apXEO0JIOrNIEeCKUX aMATHUKOB fora 3a-
nagHoit Cubupn (AxmmxkaHoB u 1p., 1992; Mep,
2002). HeMHOTOYHCIEHHOCTD HAaX0JI0K KOCTEH KyJIaHa
CBUICTENECTBYET O TOM, YTO JaHHBIA BUJ HA HCCIIEY-
eMOU TeppUTOpPHH OBUT TOCTATOYHO pemok. Hambomee
BEPOSATHO, YTO KyJaH MPOHMKAJ HA TEPPUTOpHIO 3a-
nanHoit u lOxuolt CubupH M3 COCETHHMX CTEIHBIX U
MOJYIYCTBIHHBIX PErMOHOB B OT/AENBHBIE IEPUOIBI
BPEMEHH WJIN BO BPEMs CE30HHBIX KOueBOK. CeBepHas
TPaHUIIA €ro pPacHpOCTPAHEHUs], OYEBUHO, HE BBIXO-
quia 3a npenenst 53° c.u1. CaMble IO3AHNE OCTAaTKH Ky-
JlaHa JAaTUPYIOTCS KOHIIOM CyOOOpeanbHOro neproja
(Kupromms u ap., 1988; I'anpuenko, 1993). B nacros-
11ee BpeMst BUJ] Ha N3y4aeMOU TEppUTOPUH HE OOUTAeT,
XOTSI 10 UCTOPUYECKUM CBUAETENIbCTBaM B 18-19 BB. B
JIETHUH TIePHOA KyJIaHbI 3aX0ITH B cTeni CeBepHOro
Kazaxcrana (Mnekonmratomtue ¢paynsr Poccun, 2009),
a B Havasie 20 B. )KMBOTHBIC TIPOHUKAJIH C TEPPUTOPUHU
Mownronuu B BoctouHblit Kazaxcran (I'entrep, 1961).

Hukas nomans (Equus ferus (Boddaert 1785)).
Jlukue nomany ObUTH IPEICTAaBICHBI B PETHOHE HETpe-
PBIBHO C MO3/IHETO IUIEHCTOLIEHA U A0 UCTOPUYECKOTrO
Bpemenu (Kocunue u np., 2013). KoctHbie ocraTku
JIMKOH JIOUIaJ i BCTPEYAIOTCS B CPEIHETOJIOLEHOBBIX
MECTOHAXOXKACHUAX CTEMHOMN M JIECOCTENHON 30H 3a-
nagHoi Cubupu (BacuimeeB u ap., 2011; Kocunnes u
Ip., 2013; Marchenko et al., 2015). Tounoe Bpems BEI-
MUpaHUs JUKOM JIOIIaayM HEU3BECTHO. B moceneHusx

— BHJ] OTCYTCTBYET.

OoJiee O37JHEr0 BPEMEHH, HauKMHas ¢ KoHIa SB, npu-
CYTCTBYIOT KOCTHBIE OCTaTKH JOMAIIHEi (OpPMBI JIo-
I, KOTOpblE HEBO3MOXKHO OTJIMYUTH OT JUKOH
(OpMBI Ha OCHOBaHHH MOP(OIOTUUECKHX NPU3HAKOB.
Hawnbonee no3Hne HaxoAKH TUKOH JIOMIa 1 B PETHOHE
narupytorest SB1 — 4270+170 (Sitnikov et al. 2007) n
npoucxomaT ¢ teppuropun HoBocubupckoro Ilpu-
00bs1. B mcropuueckoe Bpemst AWKHE JIOMIagN — Tap-
MaHBI — eIIe BCTpedanuch B bapabuHCKoI necocteny u
I0KHEe, OTHAaKO ObUTH ucTpebeHs! B Hadare 19 B. (Ku-
pukoB, 1966). OcHOBHOI NPUYMHON HCUE3HOBEHHS
TaprmaHoB CTAJ0 MPAMOE HCTPEOJICHHE UYEIOBEKOM H
XO03HCTBEHHOE OCBOCHHUE CTENHBIX yroauil (Kupukos,
1959).

Kab6an (Sus scrofa (L. 1758)). KoctHbie ocTaTku
KabaHa BCTPEYAIOTCS B MECTOHAXOXJICHMSAX IOBCE-
MECTHO Ha TeppuTOopuH peruoHa (puc. 1, a). [Namrac
(1773, 1786) HeopHOKpaTHO YIIOMHHAI KabaHa KaK TH-
MMUYHOTO TIpeacTaBuTeNs fora 3amagaoii Cubupu. Ce-
BEpHasl IPaHMIla BOCCTAHOBJIEHHOTO apeana BUIa MO/-
HUMajach B NPEAropbsix Ypama no 55° c.ul. uiM He-
MHOTO CeBepHee, repecekana Upreim B paiione 56-57°
C.III., 3aTE€M MPOXOJIUIIa B POCTPaHCTBE MexAy MpThi-
oM 1 O0bt0 moutH 1o 56° c.ui. Ilepecekast O0b, ce-
BepHas I'paHHIa apeana CBOpauyMBaia K 0Ty, BBIXOJS
Ha ciiusiaue bun u Katynn (52-53° c.u.). Takum o6pa-
30M, BCE HaXOJIKH OCTAaTKOB KabaHa ClIeJIaHbl B IpeJie-
JIaX €ro BOCCTAHOBJIEHHOrO apeana. B 19 Buj unren-
CHBHO MCTpPEOIISIICS YeJIOBEKOM, U B KOHIIE 19 — Havaie
20 BB. ero apean cMmecTiiics naneko Ha ror (I'enrthHep,
1961). Tak x 1930 roxgy B mepuoj KpaifHe# qenpeccun
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9TOT BHUJ] COBEPIIEHHO Mcue3an Ha rore 3anaanoi Cu-
6upu (Ciynckuii u ap., 1956). I'maBHo# npranHO# Ta-
KHUX H3MeHeHI/Iﬁ BUIAT NPECICTOBAHUC CO CTOPOHBI YC-
noseka (['entHep, 1961). B 40-x u 50-x rogax 20 B.
YHCJICHHOCTh KabaHa cTajila BO3pacTarh, a apeasl pac-
MIUPATHCS HA CEBEP B CBS3U C OCIA0JICHUEM MPECIIe0-

BaHMUs 3BEPsl, YIIOPSIOYMBAHUS OXOThI U MEPAMHU 10 Pe-
akxnmumarmzanuu. K ucxomy 50-x rr. B Kasaxcrane
9TOT BUJI MPAKTHYECKH TOJHOCTHIO BOCCTAHOBHJI CBOU
apeaut (Ciynckwii u ip., 1956). B HacTosiiiee Bpems ka-
0aH MOCTOSHHO OOMUTAET Ha TEPPUTOPHH JIECOCTEIN UC-
ClIeyeMOi TePPUTOPHH BIUIOTH 10 MMPOTH HoBoCH-

oupcka (Jlanmnkun, 2002).
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Puc. 1. Cxema pacnonosicenuss MecmoHaxodicoeHull HeKOMopPbIX U008 KONLIMHBIX HA MePPUmMopuu
1020-60cmoxa 3anaonoi Cubupu.
1 — mecmonaxooicoenus, oamupyemvie CPeOHUM 20I0YEHOM, 2 — MeCIMOHAX0HCOeHUsl, Oamupyemble NO30HUM
20n10yeHoM; 3 — cogpementble apeanvl 81U008 HA U3YYAeMOl MepPUmopulL;
a — kaban, b — brazopoonuiii onens, ¢ — cubupckas kocyns, d — nocw, € — cesepnvlii onens, T — caiiea.

Braroponusiii onens (Cervus elaphus (L. 1758)).
B TeueHue Bcero royoreHa 0JaropoHbINA OJeHb ObLT
npezcTaBieH B payHe 3amananoit CuOMpH BO Bcelt Je-
cocrenHoil 3oHe. B koniie SB u B SA mepuoae Bun
BCTpeUaJICsl B JiecocTenHOM [IpuupThIlibe, J0X0a1 10
TpaHHMIIBI JIecHOH 30HHI (54° c.i1.). B HacTosmiee Bpemst
6s1aropo/IHBIN OJIEHb HE BCTPEYAETCs Ha UCCIIeyeMOi
TEPPUTOPUU: €ro apeai 3a Y pajoM HauuHaeTcsl Ha AJl-
Tae M 0XBaThIBAET, IPEXK]IE BCETO, FOPHBIE paiioHbl Bo-
crounoit Cubupu u lansaero Bocroka. OmHako emé B
19 Beke 3TOT BHI OBUT pacmpoCTpaHEH 3HAYUTEIHHO
MINPE, ¥ BCTPEYAJICS IO PEYHBIM J0JIUHAM, OTAEIbHBIM

OCTPOBKaM Jieca M BO3BBIIICHHOCTSIM cTerneil Kazax-
CTaHa, a TaKkXe 3axofsl Ha Tepputopuio bapaGuHckoit
necoctenu (I'entuep, 1961; Kupuxos, 1966).
Cubupckas xocyns (Capreolus pygargus (Pall.
1771)). KocTHble OCTaTKu CHOMPCKOI KOCYJIH SIBIIS-
IOTCSI OJIHUMH M3 CaMbIX MHOTOYHCIIEHHBIX Cpelnu
OCTaTKOB KPYIHBIX MJIEKOIHTAIOUINX B MECTOHAXOXK-
neHusx 3anaaaoit Cubupu. Bug oburan Ha uccnemye-
MO TEpPUTOPHUH B TEUCHHUE BCETO PAacCMaTPUBAEMOTO
meprona. 3a MoCIeNHUe CTOJeTHs e€ apean MoIBep-
rajcs 3HAYUTENbHBIM H3MECHEHUSIM, OOYCIOBICHHBIM
nuctpebiaeHneM dToro Buaa yenoBekoMm. Tak B 19 Beke
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KOCYJISl IOYTH MCYE3TIa Ha MCCIEAYEMOH TEPPUTOPHH,
a BO BTopoii mojioBuHe 20 BeKa — BO MHOT'OM BOCCTaHO-
BUJIa CBOKO umciaeHHocTh ([entHep, 1961).

l'urantckuii  onens  (Megaloceros —giganteus
(Blum. 1803)). HemMHOrouucneHHble KOCTHBIE OCTaTKU
THTaHTCKOT'O OJICHSI BCTPEUCHBI B IBYX MECTOHAX0XKJIE-
Hussx HoBocubupcekoro [IpnoOsst n natupyrorcst 7925—
7865 n.H. (van der Plicht et al., 2015). Ha Gombieit ya-
CTH CBOETO IIO3/HEIICHCTOIIEHOBOTO apeaja TUTaHT-
CKHH OJIeHb BBIMEpP K Havary TOJIOIeHa, OHAKO €T0 pe-
¢yruymbl coxpansutuch B bapaOunckoi necocrenn 10
Hadaya cpegHero rojorena (Stuart et al., 2004; van der
Plicht et al., 2015).

Jloce (Alces alces (L. 1758)). B 3amaanoii Cu-
OupH B TeYCHUE T'OJIOICHA JIOCh, HAPSITY C CHOMPCKOM
KOCYJIEH, SIBJISUICS OAHUM M3 HanboJiee IUPOKO Mpes-
CTaBJICHHBIX BUJIOB KONIBITHBIX KUBOTHBIX. ETo KOCT-
HBIE OCTaTKH MHOTOYHCIICHHBI B MECTOHAXOKIACHHIX
peruoHa. Apean Buia B HCTOPUYECKHIA TIEPHOJ HEO-
HOKpATHO TpeTepIIeBall 3HAUYNTENbHbIE H3MEHEeHUs. B
nepBoil mosnoBuHe 19 B. u B 20-x 1T. 20 Beka oTMeya-
Jack TIy0OoKast Ienpeccust apeaia, i Ha OOobIIei 9acTn
HCCIIEIyeMOT0 PEernoHa Jock He Berpedancs (I'enTrep,
1961). OnHako B HacTosIIee BpeMs JIOCh — OOBIYHBIN
BUJ B JIeCHOH 30He 3anaxnoit Cubupu (I1apmmnoB, JIu-
coBckuii, 2012), mo moiiMaM pex NMPOHUKAeT B JIeCO-
CTETIHYIO U JaXke cTenHyto 30HbI (anmikus, 2005).

Cesepusiit onenb (Rangifer tarandus (L. 1758)).
Bup orMeuaercs Ha BCei TEppUTOPUH PErloHa B TeUe-
HHE CPEe/IHEeT0 U M03/IHeTo TrojoneHa. HecMotTpst Ha oT1-
CYTCTBUE PAHHETOJIOICHOBBIX HAXO/JOK CEBEPHOTO
OJICHS, 3TOT BHUJ HECOMHEHHO IPHCYTCTBOBAJI 3/1€Ch
HETIPEpHIBHO C TIO3AHEro IUielcroneHa. B romomnene
€r0 YHCIIEHHOCTh YMEHBIINIACh: KOCTHBIE OCTAaTKH CE-
BEPHOTO OJIEHS B MECTOHAXOXIEHHAX PETHOHA II0
CBOCH YHCICHHOCTH YCTYMAIOT JIOCIO U CHOMPCKO# KO-
cyne. Touku HaXOJIOK BU/Ia PACIIONIOKEHBI IPEUMYIIIe-
CTBEHHO B COBPEMEHHOM JIECHOM U JIECOCTEIIHOM 30HE.
Camast ro)xHast Touka — nocesenue Jloxka-6, natupye-
Moe KoHIIoM SB — Ha 55,7°c.m. ([eBsmmH, 2016). 310
COBIIAJIa€T C BBICKA3bIBAEMBIMHU IPEATIOIOKEHUAMH O
I0KHOW rpaHuie apeana Buaa B 18 Beke (I'entHep,
1961).

Caiira (Saiga tatarica (L., 1766). I'onomneHOBbIi
apeasi calird ObUI 3HAYMTENIFHO HIMPE COBPEMEHHOTO
pacnpocTtpaneHus Buna. KoctHele ocTaTku caiiru npo-
UCXOJIAT M3 apXEOJIOTHYECKNX NaMATHHKOB, PACIIONO-
JKEHHBIX B TIPEJENax COBPEMECHHBIX CTEITHOW M JIECO-
crenHoi 30H 3anagHon Cubupu u Anrtas (puc. 1). Ilo-
JaBidomas 4acte Haxonok apatupyercis AT um SB
nepuoiamu rosoneHa. CeBepHas rpaHHIa apeaja B 3TO
Bpemst oxoauna fo 56° c.ur. (Kocunues, 1988), kyna
caifra 3axozuiia Bo BpeMs kKoueBOoK. Haxonku, natupy-
€Mble TO3JJHAM TOJIOIEHOM, IPOUCXOJST TOJIBKO M3
Owmckoro IMpumpteimes. Eme B Hauane SB caiira
BCTpeuaercs B 10xHOM 3aypanse (Kocunnes, Kucary-
108, 2017). MOXHO TIPEenIoI0KHUTh, YTO COKPAIICHHE
apeajia BUa HA4aloCh C KOHIIA CPEIHETO TOJIOLEHA.
PacnpoctpaneHre M 4MCIEHHOCTh CAWrd HEYKJIOHHO
COKpAIIAINCh, XOTS €Il B HUCTOPHUECKOE BPEMsI apeai
3aHUMaT KpaliHuH oro-BocTok Kazaxcrana (I'entHep u
Ip., 1961). B HacTosiiee BpemMst BUJ HE TIPEICTaBICH B
(ayne peruona (ITo3BoHOYHBIC )KHUBOTHBIC Poccun).

Hzepen (Procapra gutturosa (Pall. 1771)). He-
MHOTOYHCIICHHBIE HAXOIKHU A3epeHa OTMEUEHBI B TPEeX
MECTOHaXOX/IeHUsIX Antas u natupytorcs SB. Kak u B
HacTosIIee BpeMsl, B TOJIOIIEHE BU]], OYEBHUJIHO, OBLI 10-
CTaTO4HO pefoK. PacmpocTpaHeHune B MO3THEM TOJIO-
LIEHE HEU3BECTHO, HAXOA0K KOCTEH A3epeHa 3TOro Ie-
puona B peruone HeT. [1o ucropuueckuMm JaHHbIM B 19
— Havaze 20 B. ceBepHasi TpaHHILIa apeaja A3epeHa mpo-
XOJIUJIa F0’KHEE JIECHOW U ropHoil 30H Aunras, TyBbl u
fora 3abaiikanmest ([Janwikun, 2005). B Hacrosmee
Bpems B Poccum m3epeH BCTpedaeTcs TONBKO Ha foTe
3abaiikanbckoro kpas (Kpacnas kuura Poccun, 2000).

Typ (Bos primigenius (Bojanus 1825)). Typ o6u-
TaJ B JIECOCTEMHOM 30He 3anannoi Cudupu Bech cpe-
uuii rononeH (Kocunnes, 1988; [epsmun, Kocunies,
2013; Kocunne, Kucarynos, 2018). Yixke k koHity SB
Typ TOJHOCTBIO BBIMHpaeT B 3amagHoit CuOupu: ero
HaXoJI0K OoJiee MO3JHEro BPEeMEHH Ha HCCIeTyeMOi
TEPPUTOPHUU HET.

Ioxeitpan (Gazella subgutturosa (Pall. 1771)).
HewmHorouncieHHBIe HAXOIKH BUIA OMTMUCAHEI U3 OTIIO-
skeHu# crosiHku Luneptsl 3 B ceBepHoM Kazaxcrane
(Mepu, 2002), panuoyriaepogHBii BO3pacT KOTOPBIX
cootBeTcTBYeT AT2-3. OmHaKo0, HX BUAOBOE OIpeaee-
HUE HY)XKIaeTcs B ClieLMaIbHOW MpoBepke. B HacTos-
iee BpeMs apeall JpkelpaHa 3aHUMAaeT 30HBI HOTYIy-
CTBIHB U nycThIHb CpenHeit, LlenTpansHoit 1 Boctou-
HoM A3um, a Taroke Boctounoe 3akaBkasbe (I'entHep u
np., 1961).

Apxap (Ovis ammon (L. 1758). Haxoaku Bunma
PEIKU M IPe/ICTAaBIICHBI JIUIIb B CTEITHOW 30HE fora 3a-
nagHoi Cnbupu (Mepu, 2002). Bo3pact Haxomo0k co-
OTBETCTBYET CpEAHEMY WU IIO3IHEMY TOJIOLEeHy. B
HACTOSIIIee BpeMsI 3TO TaK)Ke HEMHOTOUYHMCIICHHBIA BUI,
obutaer B ropax LlentpansHoit A3mu (I[lo3BoHOUHBIE
xuBOoTHBIE Poccum), a B Poccnu BcTpedaeTcst TOIBKO
Ha Antae (ITaBnunOB, JIncoBckuii, 2012).

3axiroueHue

Ha nporspkeHHH roJiolieHa Ha TEPPUTOPUH PaB-
HUHHOHM YacTu oro-Boctoka 3amaaHoit Cubupu oou-
Tano 13 BuAOB KOMBITHBIX. [Ipy 3TOM JIOCH U KOCYIIst
SIBJISUTUCH MacCOBBIMHM BHJIaMH, U Ha UX CyMMapHYIO
nomo npuxoautcs 80% Bcex HaXOAOK KOIBITHBIX.

B teuenue ronomneHa MpouCXOaHUIO0 MOCTENIEHHOE
obenHeHne cocTaBa (hayHbl KOTBITHBIX MIJIEKOIHUTAO-
IIUX B Pe3yJbTaTe IBYX MPOIECCOB: BEIMUPAHUS (TYp,
JTAKAs JIOIIah, THTaHTCKIH OJICHB) ¥ COKpAIeHH ape-
anoB (OJaropoTHBIN OJNICHbB, caiira, JoKeiipaH, I3epeH,
apxap). KabaH, 10ch 1 CHOMpCKas KOCYJIs B TIOCIICIHIE
CTOJIETHS TIOKA3bIBAIM CIOXKHYI0 TUHAMUKY apeaja, B
OT/ICJIbHBIE TIEPHOIBI MTOJIHOCTHIO HCYE3aIH C paccMart-
pHBaeMOl TEPPUTOPHH, HO B HACTOSIIIIEE BPEMSI BOCCTa-
HOBUJIU CBOH apeajibl.
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BIOCHUHTE3 BUIKA 3A BIIJIUBY LED JIAZEPIB JEAKHUX INTAMIB BASUAI€BUX I'PUBIB
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Cenuxk H. @.,
Menvnuk O.M.,
Knouanrk B.B.
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PROTEIN BIOSYNTHESIS DUE TO THE INFLUENCE OF LED LASERS OF SOME STRAINS OF
BASIDIUM FUNGI

Yuskov D.,
Reshetnyk K.,
Levytska D.,
Senyk N.,
Melnyk O.,
Klochaniuk V.

Vasyl' Stus Donetsk National University, Vinnitsa, Ukraine

AHoTanisn

B po6ori nocmimkeno BB LED ma3epiB pisHEX CEKTpiB OMpOMiHEHHS Ha 010CHHTE3 3arallbHOTO MIPOTETHY

P.ostreatus. Beranosieno, mo 3a xgii LED-na3epiB wepBoHOTO, CHHBOTO, Ta 3€JICHOTO CIIEKTPY, HArPOMAaKEHS
NpOTETHY MILIENiEM JIBOX ILITAMIB IEPEBUIILYE PE3YJILTATH KOHTPOJII0. KojkeH 1mTam pearyBas Kpallle Ha pi3Hi Criek-
tpu. st ramy P-2011 HaiiOinblie HakonuYeHHs! MpoTeiny OyJio 3ahiKCOBaHO MPH ONMPOMIHEHH] 3€JICHUM CBIT-
noM (532 um), - 25,4 r/nm3, a s wramy P-153 3a aii cunboro cBitna(405 HM) naHuil moka3HUK cTaHOBHB 28,8
r/nM3 BIAMIOBIAHO.

Abstract

The effect of LED lasers of different irradiation spectra on the biosynthesis of common P.ostreatus protein
has been investigated. It has been found that due to the red, blue and green LEDs, the accumulation of mycelium
by two strains exceeds the control results. Each strain responded better to different spectra. For strain R-2011, the
highest protein accumulation was recorded by irradiation with green light (532 nm) - 25.4 g / dm3, and for strain

R-153 under the action of blue light (405 nm) this indicator was 28.8 g / dm3, respectively.
KurouoBi ciioBa: 6a3umieBi rpudu, orpoOMiHEHHS, POTETH.

Keyword: basidium mushrooms, irradiation, protein.

Berym.

Buau rpuba Pleurotus marots myke Gararo Ko-
PUCHHUX SKOCTEH JJIst JIFOJICTBA 1 B TEMEPINIHINA Yac yp-
OaHizaii Ta 30UTBIICHHS KITBKOCTI HACEICHHS 3ara-
JIOM, BUKOPHCTOBYIOTh B IPOMHCIIOBOCTI Ta MEIUIIHHI.
(1) Bizomo, 1110 MaKpOMIIIETH € HEBIZ’€MHUMH KOMIIO-
HEHTaMHU Ha3eMHHUX CKOCHUCTEM, 3a0e3MeTyIoun X HOp-
MajbHe QyHKIiOHYBaHHS (2).

Pleurotus ostreatus y mpupomHix ymMoBax 3a3BH-
4aif pocTe Ha JepeBax, cTapux mHsAX. [Ipore 1eit rpud
MOYHa KYJIbTUBYBATH IHTEHCHMBHUM CIIOCOOOM B IPO-
MHCIIOBHX MamTabax BHKOPHCTOBYIOUHM Pi3HOMAaHITHI
IEJTI0JI030BMICHI CyOCTpaTh Ta B JOMAIIHIX yYMOBax

JUTsE OTPUMAHHS TUIOJIOBHX TiJI, IKi MaOTh B COO1 BEJIH-
kui xapuoBuid moteHuian (3). JociimkeHHs boro 6a-
3HUJIIEBOTO Tpuba, TOKA3ye IO II¢ MIHHUK Xap4yoBUH
MIPOJYKT, SIKMI Ma€ B CBOEMY CKJIa 1l BUCOKOSIKICHI PO~
TEiHU, K1 CKIaMal0ThCs 3 18 BUIiB aMiHOKHCIOT. (4)
Ha nanHuii 9yac akTHBHO PO3BHBAIOTHCS METOAN
YTHITI3aLi] CUTBCHKOTOCTIONAPCHKHUX BiIXO/IB 3a JI0I0-
MOTOI0 0a3u [i€eBHX TpuOiB, 30KpeMa Ha MPHUKIAII
Pleurotus ostreatus po3po6isitoThCst HOBI CIIOCOGH CTH-
MYJIIOBaHHS HOTO POCTY Ta CTaAii INIOAOHOLICHHS TIPH
KyJIbTUBYBaHHI HOTO Ha Pi3HUX BUAAX cyOcTparis. (5-

6)
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VY 3B’s3Ky 3 MM METOI0 Hamoi pobutu Oyio mo-
ciniauti 6iocuHTe3 Oinka 3a BBy LED nazepis ne-
SIKMX IITaMiB 0a3uIi€BUX IPUOIB.

Hocmimkysascst mramu P-2011, P-153 Pleurotus
ostreatus i3 KOJEKLiT KyJIbTyp IIAMMHKOBUX IPUOIB Ka-
dhenpu ¢izionorii Ta 6ioximii pociua JouHY imeHi Ba-
cunst Ctyca. 3 METOI0 BMBYEHHS BIUIMBY JIA3€PHOTO
ONPOMIHEHHSI Ha KUIBKICTH Oinka, Pleurotus ostreatus
OTIPOMIHIOBATH 3a JOMOMOTOI0 EHEepro3depirarodmx
cBiTomionaux nasepuux cucrem: BRP-3010-5, 3 Bu-
MIPOMIHIOBAaHHSIM YEPBOHOT'O CIIEKTPY 3 JOBXHHOIO
xBuii 635 M, BBP-3010-5 3 BUNIpoMiHIOBaHHSIM CHHbB-
Oro CIIeKTpy 3 1oBxkuHOK XBuii 405 HM Ta BGP-3010-
S 3 BUIIPOMIHIOBAHHSIM 3€JICHOT'O CIIEKTPY 3 JOBXHUHOIO
xBwii 532 um (Bupoonuk BOB LASER Co., Kuraii).

[MotyxHicTh KOXHOTO Jsazepa craHoBmiaa 100
MBT. O6po0OKa mpoBoIuIIacs 0AHOPa3oBo MpoTirom 10
ceK. Y JIOCIi/KeHHSIX BUKOPUCTaHI HACTYIIHI BapiaHTH
onpoMiHeHHs: 1) KOHTpoIb — 6e3 OIpOMiHEHHS; 2) of-
HOpPa30Be ONPOMIHEHHS YEPBOHHM JIa3€pPOM IPOTATOM
10 cek; 3) omHOpa30BE ONMPOMIHEHHS CHHIM JIa3epoM
mpotsiroM 10 cek; 4) omHOpa30Be OMPOMIHEHHS 3elie-
HUM J1a3epoM npoTsirom 10 cexk.

KinpkicTh OiNka BH3HAYAIH CHEKTPO(POTOMET-
PHYHO, BUKOPUCTOBYIOYH METOJ OiypeToBoi peakiiii. B
SIKOCTI PO3YMHHUKA BHUKOPHCTOBYBAIM TUCTHIHOBAHY
Boay (mis anpOymiHiB) abo po3uuH NaCl (mis rio-
OymiHiB). [6]. Yci gocniaym npoBOAWIN y TPUKpaTHIN
ITOBTOPIOBAHOCTI.

CraTucTiyHy 0OpOOKY HPOBOIHUIM 32 JOIOMO-
rOI0 MaKeTa CTaTUCTUYHUX Mporpam [7].

Pe3yabTaTH goc/igKeHHs Ta 00rOBOPEHHS.

VYV pe3ynbTaTi HAIUX JOCHTIHKEHb HAKOMHYCHHS
Oinka Ha OBOX PI3HHUX IITaMax BapiroBalIOCh, 3aJIekK-
HOCTI BiJ CIIEKTpYy HpoMeHs. Byio BcTaHOBIEHO mIO
Ipu ompoMiHeHHi Minemito mramy P-2011 cBiTomioa-
HUM JIa3epOM JTOB)KHHA XBUJII KOTO CKiaaaia 532 HM,
KOHILEHTpalisa Oinka carayno 254 r/am®. Takox ak-
TUBHE HaKOMMYEHHsI KOHLEHTpalil Oinka Oyio 3adik-
coBaHe 3a JOBXHMHH XBum 405 HM, BOHO CKIJajo
23,6r/mM°, a 3a JOBXKHMHU XBIWIL 635 HM HAKONMYEHHS
cranoButh 19,8 r/nM®. Bei BapiamtH  gocmimy
HOPIBHAHO 3 KOHTPoJeM 17 r/amM® MaloTh HO3UTHBHUIA
etexr(Puc.1).

B KoHTpOsb

B YepBOHUU CHEKTP

B CuHil CrIeKTp

M 3esieHU CIEKTP

30
g
IS
2z, 2
58815
C £
s 3 10 -
-
= 5
-
0,

Puc. 1. Bnnus naszepnozo onpominents Ha KOHYeHmMpayiro 3a2aibHo2o OiiKa Miyenito wmamy
P-2011 Pleurotus ostreatus.

Ipu onpomineni minesito mrramy P-153 Pleurotus
ostreatus TaKOXK 3pOCTa€ 3arajibHa KOHLEHTPAIs
0Oinka, 3a JIii pi3HUX CIIEKTPIB CBIiTJIA.

Hatikpame HakomuueHHs Oinka O0yI1o 3adhikcoBaHO
3a gii gomxuau 405 HM, BoHO carmyno 28,8 r/mm°.

OnpoMiHEHHSI KOTE€PEHTHUMH TIPOMEHHSIMH CBITJIa 32
MOBXUHHU XBWII 532 HM, Ta 635 HM, CTHMYJIIOBAIO
HaKoONMUeHHs1 Oinka pociijpkyBaHoro mramy 21,7
r/am3, ta 20,1 r/am® BigmosigHO.

40

B KoHTpoJIb

B YepBOHUU CIIEKTP

B CuHilt ciekTp

.= %
= S .

2 E8%
= 255820
HQ'-E
® =€
A =

[=]

Z

=
o

M 3eJIeHUI CIEKTP

11

Puc. 2. Bnaue nazeproco onpoMiHeHHs Ha KOHYEHMPayiio 3a2aibHo20 OLIKA MIYenio wmamy
P-153 Pleurotus ostreatus.
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BuchHoBku.

TakuM YWHOM TPOBEICHHI HaMH JOCIIKEHHS
mokasaiy, 1o 3a jaii LED-na3epis uepBoHOT0, CUHBOTO,
Ta 3€JEHOr0 CHEKTPY, HarpOMa/DKEHsl MpOTEiHy
MIIENTIEM JIBOX IITaMiB MEPEBHILYE PE3yJbTaTH KOH-
tpouro. CitijJy 3ayBaXUTH, 10 KOXKEH IITAM pearyBaB
Kpamie Ha pisHi cnektpu. g mramy P-2011
HaMOLIbIIIC HAKOMTUYEHHS MPOTEiHY Oy0 3adikcoBaHO
TIPH OMIPOMIHEHHI 3eleHuM cBiTiioM (532 uM), - 25,4
r/nMs, a s mramy P-153 3a nii cuaporo ceitna (405
HM) JTaHUW TIOKA3HUK CTaHOBUB 28,8 r/mm® BifmoBiaHO.
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AHHOTAUMSA

AKTyaHLHOCTL n 1Ciu. B pa60Te paccMaTpuBaCTCd OLCHHMBAHUEC IIJIOTHOCTHU CTAHJAPTHOTO TayCcCOBa
pacrnpeaciicHud 1o HIDKHEH CpE3KE HHTCpBAJIA. T'amma- pacOopeaCiicCHUEC B HACTOALICEC BPEMA IHMHUPOKO
MPUMCHSACTCA B TCOPCTUYCCKUX HUCCICAOBAHUAX (1)I/I3I/IKI/I, I/IH(I)OpMaTI/IKI/I U Apyrux HayKax, OHa UMECT BAKHOC
3HA4YCHUC B TCOPUU HAACIKHOCTH. FaMMa-pacnpez[eneHHe IIUPOKO NPUMCHAIOT IPU OMMUCAHUU MTOABJICHHS OTKA30B
CTaperomuX DIIEMEHTOB, BPEMEHH BOCCTAaHOBJICHHWS, HapaOOTKH Ha OTKa3 pe3epBHPOBAaHHBIX cucTeM. llpm
pa3NUYHBIX TMapaMeTpax raMMa-pacrpeselicHne MPUHIMAaeT pa3HOoOOpa3Hble (OPMBI, 9TO U OOBICHSAET €ro
LIMPOKOE IIPUMEHEHHE.

MaTepI/IaJ'IbI U METOAEI. 21)'[5[ TMOJIYyUYCHUA HCO6XOIII/IMBIX OIICHOK UCIIOJIb30BAJIMCh HIMPOKO UCIIOJIB3yEMBIC MC-
TOJbI MaTEMaTHYECKOr0 aHajM3a U M3BECTHBIC CBOMCTBA rayccoBa pacrpezesieHus. HecoOCTBEHHbIH HHTErpat
paccmaTtpuBacs Ha uareppaie (0, o).

Pe3yJ‘II>TaTI>I. 3HAYNMOCTE TMOJYUCHHBIX B pa60Te PE3YIbTATOB COCTOUT B TOM, BBLIIIOJIHCHO OLUCHHUBAHHC
FaMMa-(byHKHI/II/I C NIEPEMCHHBIMHU IIPEACIIaMU UHTCTPUPOBAHUSA [JI HpOHSBOJ‘ILHOﬁ HEYETHOM CTEIEHH M.

BriBogiel. B paboTe mokazaHo, 4To 00€ rpaHUIIbI I TapaMeTpa M He MOTYT OBITh YIIyYIICHBI.

Abstract

Relevance and purpose. The paper considers the estimation of the density of the standard Gaussian
distribution in the lower cut interval. Gamma-distribution is now widely used in theoretical studies of physics,
computer science and other Sciences, it is important in the theory of reliability. Gamma-distribution is widely used
in the description of the appearance of failures of aging elements, recovery time, time between failures of redundant
systems. With different parameters, the gamma distribution takes a variety of forms, which explains its wide
application.

Materials and methods. Widely used methods of mathematical analysis and known properties of the Gaussian
distribution were used to obtain the necessary estimates. The improper integral was considered on the interval (0,
).

Results. The significance of the results obtained in this work is the evaluation of the gamma function with
variable limits of integration for an arbitrary odd power m.

Summary. It is shown that both bounds for the parameter m cannot be improved.

KiroueBble cJ10Ba: CTEIIEHHEIC HEPABCHCTBA, (bYHKHI/IH pacopeaciicHus, FaMMa-(I)yHKHI/ISI, pacnpeaciicHue
T'aycca, Heyy4ll1aeMble OLIEHKU.

Keywords: exponential inequalities, distribution function, gamma function, Gaussian distribution,
neulussheim evaluation.
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BBenenne
T'amma-pacnpenenenue SIBJISIETCS
JIByXIapaMeTPUIECKUM pacnpeieneHueM. OnHo

3aHUMaeT BaXXHOE MECTO B TEOPUHM HaJICKHOCTH.
[ToTHOCTB pacmpenesieHnsT UMeeT OrpaHHYEeHUE C
onHoit cropons! (0 < x < o0). Eciin mapamerp m dopmbl
KPHMBOH pacrpezieneHys MpUHIMaeT LeJN0oe 3HaueHHE,
TO 5TO CBUJETEIBCTBYET O BEPOSTHOCTH IIOSIBICHHUS
TaKOTO K€ YHCIIa COOBITHI (HAampuMep, OTKa30B) MpH
YCJIOBHM, YTO OHHM HE3aBHUCUMBI M TOSBISIOTCS C
MIOCTOSIHHOH MHTEHCHBHOCTBIO A.

INammMa-pacnpeneneHne ImMUPOKO MPUMEHSIOT IpH
OIMICAHUH ITOSIBJICHUS OTKA30B CTAPEIOIIHUX JIEMEHTOB,
BPEMEHH BOCCTAHOBJICHHUS, HapaOOTKM Ha OTKa3
PE3epPBUPOBAHHBIX  CUCTeM.  lIpM  pa3smHyHBIX
napaMeTpax — raMma-pacnpejielieHHe — IPHHUMAaeT
pazHooOpa3Hble (OPMBI, YTO H OOBACHSICT €ro
MINPOKOE IPUMEHEHHE.

B xiaccnueckoM HHTErpajbHOM ONpeNesICHHN
ramma-(QpyHKIHA npenesnsl MHTETPUPOBAHUS
¢ukcupoBanbl. Ha mpakTHke MIMpOKOe MPUMEHEHHE
MOJTYYHJIM HWHTETpAIbHBIE CPEe3KH ramMMa-(yHKOUH
NEepeMEHHBIM BEPXHHM JHOO HIDKHHM IIPEAEIOM
HUHTETPHPOBAHUSL.

PaccmotpuMm cpe3ku ramMma-QyHKIMH Jinepa

0
k-1 _-t .
I'(k,x)= Il‘ e dt u awKHui CPe3KU MIOTHOCTH
X
CTaHAAPTHOTO

rayccoBa pacrpeseneHus

0 tz
Q(x)= LI e 2dt. OuenmBammo  JaHHBIX
N27 s,

MHTETPAJIOB MOCBSIIEHBl MHOTHE PabOThI, B KOTOPBIX
TIOJTYYEHBI pa3lIMuHbIe OIIEHKH CBEPXY M CHH3Y 4epe3
HEKOTOPbIE 3HAaYEHHs ITOIBIHTErpaIbHOM QyHKIMH [1,
3, 4]. B paborax A. bapukza B KadecTBe
MOABIHTETPATbHOH  (QYHKIUM  paccMaTpHUBACTCS
HempepelBHO  auddepeHupyeMas  BEpOSTHOCTHAS

f(x) ¢ (0;0) [2].

[lomaraercs, 4uro maHHas (GYHKIAS f(X) SIBIISICTCS

IJIOTHOCTH HOCHUTCIIEM

HOFapI/I(l)MI/I‘ICCKI/I BOFHyTOfI, T.C. JId BCCX X, Yy U3

(O;OO) u

HHTEpBaIa 0<6O<1 somonusercs
HEPaBEHCTBO
log f (6x+(1-6)y)=Olog f (x)+(1-6)log f (y). (1)
Mycts F (X) COOTBETCTBYIOIIAsT  (DyHKIUS
pacnpeneneHus, T. €. F'(X)=f(x), a

F*(X) =1-F (X) . W3 onpenenenns QyHKIMH
F*(X) crenyer, uto F (X) :I f(t)dt smnsercs

HIDKHEH CpPe3KOoi MHTerpalla OT INIOTHOCTH.

OtmernM, uro  HepaBeHcTBO (1)  ma
Jorapu(p)MIYECKH BBITYKJIONW (QyHKIIMK MEHSET 3HaK Ha
MIPOTHBOMOJIOXKHEIA. B pabdore [4] mpu HamOKEHHBIX
OTPAaHWYCHUSAX M1 BCEX IOJIOKUTENBHBIX X, Y
MOJTy4eHO HEPAaBEHCTBO, KOTOPOE CIPAaBEIIMBO IS
pacrpeneneHus Beiibymna u XU-KBaApat
pacmpeneneHus

Fx+y)<FXF (@) @

B  kadectBe  mpuMEpoOB  pacmpejesieHUH,
YAOBIETBOPSOLIUX 2), MOKHO yKa3arb
HOPMHPOBAHHYIO HEIOJIHYIO ramMma-QyHKIHIO

G(K,X) u nomommmrenshyio (yHKmmMI0O OWHGOK

erfc(x) , KOTOpBIE ONpeAesOTCs HOpMyIaMHu:
I'(k,x)

G(k,x) = 0

2 T g
,erfe(x)=—= J' e " dt,
NI

tne (k)= [ dt
0

B cwny Toro, uto f(X) norapuMHIecKu

BBIITyKJIast QYHKIHSI, TIOJTydaeM

FFOOF(Y)<F(x+y) @

JlaHHOEe  HEpaBEeHCTBO  BCTPEUAETCSl  PEIKO,
MMO3TOMY €  TOYKM  3pPEHHS  TEOPETHYECKHX
HCCIIeZIOBAaHUH BBI3BIBACT HHTEPEC MOTYUCHNE aHAIoTa
JTaHHOMY HEpaBEHCTBY B BHJE:

*2 *
Fe(X)<F (mx) (@
IpU TOAXOJAIIEM 3HA4eHUM Tapamerpa M.
OTMeTHM, 4TO B IIOCIEIHEM HEPAaBEHCTBE KBaJpaT
¢byHKIMN F (X) OLICHUBAETCS Yepe3 3HAYEHUE 3TOU

(GYHKIMH B HEKOTOPOH TOYKE.
Jna mepaenctBa (4) B pabote [5] BBIBOAWTCS
2

© v
dynxims Q(X) :% I e 2dt, xoropas umeer
T X

BaXXHO€ 3HAYCHUC B TCOPETHUCCKUX HCCIICIOBAHHUAX.

Ipu 1< mM<+/2, msa moboro X € R cnpaseanuso
HEPABEHCTRO:
2
Q*(x) <Q(mx) (5)
Lenr HacTosmiei pabOThI 3aKIIOYAETCS B TOM,
9TOOBI MOJYYUTh CTENIEHHBIE OIIEHKH 0OJIee BHICOKOTO
nopsaka tuma (5), He yiydiiaeMble M0 HEYETHOMY

napamerpy mM=2k+1. CdopmynupyemMm OCHOBHbIC
pe3ysbTaThl JAHHOH CTAaThH.

Teopema 1. Ilyers 1<M<+/2k+1, rne

ke N. Torma mis m1060r0 AEHCTBUTEIBHOTO X
CIIpaBeAJIMBO HEPABEHCTBO:

Q*(x)<Q(mx)  (®
3ameuanue. OueHka B Teopeme 1. ocraercs
CIIpaBCJINBaA MPHU 0<m<1 mna moboro X >0.
[TockonbKy, B 3TOM ClTydae HMeeM 0<mx<X.
t2
Tak Kak TOABIHTETpaJbHAS (QYHKIHSL Z(t) e 2

Q(x) <1,
Q(mx) > Q(x) > Q**(x).

BaxHO OTMETHTH, YTO OLEHKa B Teopeme .
SBJSIFOTCSL HeyslydinaeMod mo mapamerpy M. Torna,
CIPaBE/INBBI YTBEPIKICHHS.

Teopema 2. Jna moGoro & >0 cymecrsyer
X € R takoe, 4ro:

IIOJIOKUTECIbHA u MoJxyvdacm:
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Q2k+1(x)>Q((\/2k +1+3)-x) @
Teopema 3. [zt moGoro € > 0 cymectyer X € R Takoe, 4ro:

Q*"*(x)>Q((1-¢)-x) ®)

1. Jloxa3aTeJabCTBO OCHOBHOIO pe3yJibTaTa
[Ipn noka3zarenscTBe TeopeMsbl 1. Bocmoib3yeMcsl cxeMoil OnM3Koi K paccMoTpeHHO# B pabore [5]. Ilpu

M =1 nepaBeHcTBO (6) CIPaBEIIMBO B CHILy TOTO, YTO 0< Q(X) <1.

2 t2
1 ot
Torz[a (i)yHKHI/Iﬂ Q(X) \/_J. e 2 dt Y6BIBaCT TaK KakK MIOJBIHTEIpajbHasd q)YHKHI/IH Z(t) e 2

HOIOKHTENbHA. [105TOMy JOCTaTOYHO NOKA3aTh HEPAaBEHCTBO (6) mua M = +/ 2k +1.

O6osnauenns S (X) = Q% (X) —Q<\/2k +1X), Toraa

1 1
S(O):W_E<O 9

lim S(x)= lim (QZk*l(x)—Q(\/Zk +1x)) ~1-1=0 (10)
lim S(x) = lim (QZ““(X)—Q(\/Zk +1x))=0—0=o (1)
[ponuddepenmpyem HHTErpai Mo HapaMeTpy, MoaydacM

2 & Y (1 g xe Y 1 X
X —— e 2dt| =| =———|e 2dt | =——=—e 2.
A= [\/ 72")[ J (2 \/27z£ j 27
AHalnorunyHo

o ' 2k+lx  t2 ' (k+1)x2
Q'(v2k +1 1 2 1 - V2k+1 -
! 2k IX)|=| — 2dt = ——— zdt [ S 2 .
(V) { J e ] {2 e ] N

1
N2m
ITonyuyaem

7 N2k T kAL
2k 2 2 _ 2 kx® 2k
S'(x) = —(2k +1)Q% (x) J_ v =5t (e J2k+1Q (x)).

Honoxum S(X) = e — 2k +1Q%*(X), Torna
s(0)=1-

V2k +1
2 2k
Iir_n s(X)=—2k+1<0 (13)

>0 (12)

2

Ha unTepBane (—OO; 0] dynxums f (X) =€ Bospacraer, a gynxuns Q(X) y6wiBacr. Orcrona, B cuy
oneHok (12), (13), Ha 3ToM uHTEpBaNe QyHKIUS S(X) OJIMH pa3 MEHSET 3HaK MUHYC Ha 1uTioc. [Toatomy yHkums
S (X) HAa OTPHUIIATENBHOIl MONYyOCH MMEeT OMUH MUHHMyM. JlanmpHeiflliee NOKA3aTeNbCTBO MPOBOMUM IIPH

yenosun, uto S(X) >0 mpu x> 0.

Nmeewm:
- X
© t2 t
=1 11— e ?
Q)= —e 2dt 2 _dt=——~-"e 2| =——.4)
I JX‘ X N27 X ) N2 - X
CrenoBartebHo,

Q (X)<W

Orcrona



18 The scientific heritage No 43 (2020)
—kx?

s(x) =6 — 2k +1Q* () >e "~k —o = o [1— v2kil J (19
(\/27z) X (27) x*
1
B cuny (15) cipaBeyinBo HEpaBEHCTBO S(X) >0 npu x> M
2

1
Ormennm S(X) na O.(2k+l)4k . Tak xax ¢ymxmusa T (X) =e™ Ha stom UHTepBajie yObIBaeT, a
N

1
Q(X) < E , TO:

(2k+1)2k Y
s(x)=e™ —J2k+1Q*(x)>e 2~ —%>0 (16)

1
U3 (16) cnenyer, uto S(X) >0 ua unreppane 0: (2k +1)4k .

2z

Zk;- o 2(_sz

CnenoBarensho Gynkimsa S'(X) = — 2k +1Q* (X)) OJIVH pa3 MEHSET 3HaK MHHYC Ha

TUTIOC Ha MHTEPBae (—OO; +OO) . IlosToMy Ha Bcelt 4MCIOBOI psAMON PYHKITHSL S (X) UMEeT OIWH MUHUMYM.

Bwmecre ¢ (9) — (11) aT0 HOKa3bIBaeT, 94TO S (X) <0 ipu JTF000M X.
Teopema 1. noxasana.
2. Heyay4ymaemMocTh OCHOBHBIX Pe3yJIbTATOB IO MapaMeTpy M
JloKa3aTenbeTBO TeopeMsl 2. TIpH TI0GBIX OT0KHTETLHBIX 3HAYCHHAX X i T orernM chu3y pyrxumo Q(X)
Hmeem:

ot 1 e
Ie 2dt>—e 2 -7-

NP

2k+1 2
1 _04D) k4
Q2k+1(x) > (2 e 2 X 2_2k+1 (17)
T

Amnanoruuno, npu X > 0, oueHum cepxy Q((\/2k +1+¢)- X). [onyuaem:
I . Tt
Ql(W2k+1+¢&)-x)=——= e 2dt<— e -
( ) \/272' (\/%4_5»( \/27[ (\/2k_+.[1+£)x (\/2k +1+8)X

. (VA ¥

1
=— e ? = e 2 18
V27 (V2K +1+ €)X V27 (N2k +1+ €)X (9)

(2k+1+&)x

B cuny (17), (18) nnst noka3zarenbcTBa HepaBeHCTBa (7) MOKaXeM, 4TO CYLIECTBYIOT MOJIOKHUTENIBHBIE X U T

Q(x) = J_Ie 20|t>T

CrenoBartebHO,

2]*

1 2k+1 7(2k+l)(x+r)2 1 - (\/2k+1+g)2 X2
TaKue, 4T0; | —— e 2 gkt e 2
(%j V27 (V2K +1 + £)x

ITocnenHee HEPaBEHCTBO BBIMOIHAETCA, HATPUMED, IPU MAJBIX & > 0, x= i L€
&

Teopema 2. noka3ana.
Joxa3zarenscTBo TeopeMbl 3. [Tokaxem, uto cymecteyer X > 0, Takoe uto Q2k+1 (—X) >Q ((g —1) . X).

HNmeewm:
t2 o

Q(—x):%T e Zdt= 1_TI ezdtzl—%jezdt.
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Ortcrozia, oTyyaeM oleHKy chusy s Q (—X) :

Q(=x)=1-

CrenoBareibHO,

IIpK MONOKUTENBHBIX X U T oleHM cBepxy Q

Q" (- x)>[1—
(e

Q((S—l)‘x)=7

T (:21)x

1 ) t2 (I-e)-x+r 2

=1- e 2dt<1-

2
1 e 2

N

2dt 1-—

2k+1

HonyqaeM

(e-1)-x tz
\/_ _[ e 2dt=
((l—.g)->(+r)2

effdt<1—ief 2 7.

2z

s mokazaTtenscTBa (8) 0CTamoch MOKa3aTh, YTO CYIIECTBYIOT MOJIOKHUTEIBHEIC X 7, TAKHUE, UYTO

2 2k+1
1 e?

27 T

1—

X2

2k +1e 2
9Ta OLICHKAa CHpaBGJIJ'II/IBa, cClin 1— f

2

HOCJ’ICI[HGC HEPaBEHCTBO BBINOJHACTCS, HAIpUMEP, IpU T = E, X=—.

Teopema 3. noxasana.

———¢
27

1 (@-e)x+r)?
2 7.

((1—5)-)(4—1-)2
1 2 -T.
\/ 27z

2
&

3ak/aouenue

B cratee TMMOJIYYCHBI OUCHKHU JIA HpOI/ISBOHBHOI/I HEYETHOM CTETIICHH (byHKHI/H/I Q(X =

_TTe_idt'B

x

Teopeme 1. gokasano, uto ams VXeR, keN u me|:1;\/2k +1] BBIMOJIHSETCS HEPABEHCTBO

Q¥ (x) <Q(mx).

B Teopemax 2 u 3 nmokazaHo, 4To 00€ TpaHUILIbI IS TapaMeTpa M He MOTYT OBITh YITyUIIICHEL.
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AHHOTALMSA

B nacrosiHHOI paboTe mpeasiaraeTcst MoJielb TOBEPXHOCTHOTO CJI0S1 aTOMapHO-TIIaKHX ITOJYIPOBOIHHUKOB.
Tomuaa noBepxHOCTHOrO ¢10s1 d(l) THITHYHBIX TONYPOBOHUKOB Konebnercs ot 2,1 um (Si) mo 7,0 um (PbTe).
Pasmepnbie 3¢ exTsr B cnoe d(l) ompenenstorcst BceM KOJUISKTHBOM aTOMOB B CHCTEME (KOJUICKTHBHBIE ITPO-
neccsl). Takue «kBa3zuKIIacCHIecKue» pasMepHble 3 (HeKTs! HaOI0Aal0TCsI TOJIBKO B HAHOYACTHIIAX X HAHOCTPYK-
typax. [Ipu Tommuae h=d npoucxomut daszossiii nepexo. Cioit d(11)=10-d mpoctupaercs 10 Hagama OCHOBHOMN
(azp1. DTOT CIIOM CBSA3aH C HEKUM KPUTHYECKIM XapaKTepHBIM ITapaMeTpoM: [UTMHOW CBOOOHOTO pobera HOCH-
TeJNel B SIBICHUAX MEPEHOCA, PasMepaMH JOMEHOB, quameTpoM retin dpanka-Pruaa muis CKOIbKEHUS AUCIIOKA-
Ui ¥ T.11. B 3TOM ciioe T0/KHO OBITh MHOTO pa3MepHbIX 3 (EKTOB, CBSI3aHHBIX C ONTUKOW, MAarHETU3MOB U APY-
'MMH (PU3NYECKHMHU CBOMCTBAMH.

Abstract

In this work, a model of the surface layer of atomically smooth semiconductors is proposed. The thickness of
the surface layer d(1) of typical semiconductors ranges from 2.1 nm (Si) to 7.0 nm (PbTe). Size effects in the d(I)
layer are determined by the entire collective of atoms in the system (collective processes). Such “semiclassical”
size effects are observed only in nanoparticles and nanostructures. At a thickness h=d, a phase transition occurs.
The d(IT) =10 d layer extends to the beginning of the main phase. This layer is associated with a certain critical
characteristic parameter: the mean free path of carriers in transport phenomena, the size of domains, the diameter
of the Frank-Read loop for gliding dislocations, etc. In this layer there should be many dimensional effects asso-
ciated with optics, magnetisms, and other physical properties.

KiroueBble €10Ba: TMOBEPXHOCTHBIM CIIOH, HAHOCTPYKTYpa, THIIMIHBIN MOIXYIPOBOIHHUK, pa3MEpHBIA d¢-
(exr.

Keywords: surface layer, nanostructure, typical semiconductor, size effect.

1. BBenenue POB, B KOTOPBIX (PU3UYECKHUE CBOHCTBA MOTYT CYIIC-

C pa3BHUTHEM HAYKH U TEXHOJIOTHHA BCE OOJBIIHIA
HWHTEpEC y HccienoBaTeinei BEI3BIBAIOT HIU3KOpa3Mep-
HBIC CTPYKTYPBI UX CBOHCTBA U TEXHOJIOTUICCKUE TIPO-
1ecchl moinydeHus. KpeMHuit sBIsieTcs caMbIM pactipo-
CTpaHCHHBIM MaTEPHAaIOM, UCTIOJIE3YEMBIM B ITOJTYTIPO-
BOJTHUKOBOH MHUKPOAJIEKTPOHUKE. Co3znanne
COBPEMEHHBIX MPUOOPOB HAHOAIEKTPOHUKHU Pean3y-
ercss Onmarogapst (GopMHpoBaHHIO (YHKIHOHAIBHBIX
3JIEMEHTOB pa3MepaMH IOpsAKa IECATKOB HAHOMET-

CTBEHHO OTJIMYAThCSl OT CBOWCTB OOBEMHOTO MaTepH-
ana [1-6].

Cynb(u] CBUHIA ITUPOKO IPHUMEHSIETCS B MH(pa-
KpacHOM TEXHHMKE, MUKPO- U ONTOMIEKTpOHHUKE. Ero
3JIEKTPOHHBIE CBOMCTBA, KaK U CBOMCTBA IPYrUX MOJY-
IIPOBOJIHUKOB, CYHIECTBEHHO MEHSIOTCS IIPU IIEPEXOIE
13 KPYIHOKPHCTAIIIMYECKOTO COCTOSIHHSA B HAHOCTPYK-
TypupoBaHHoe [7, 9].

Temnypuasl CBHHIA, 0J0BA M T€PMaHUS SIBIISIOTCS
TUIUYHBIMU NPEICTaBUTEISIMU KJacca Y3KO30HHBIX
HOJIyIIPOBOJHUKOB. TEOpEeTUUECKUA U IPAKTUYECKUN
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MHTEPEC K NU3YYEHHMIO STHX MaTepHalIoB 00YCIIOBIICH UX
YHUKAJIBHBIMA (DU3NYECKUMH CBOWCTBAMH, CBSI3aH-
HBIMH C 0COOEHHOCTSIMH SHEPreTHYECKOTO CIIEKTPa HO-
CUTEJIEH 3apsiia U BO3MOXKHOCTBIO €0 IIaBHOU Iepe-
CTPOWKH B TBEPIBIX PACTBOPAaX Ha OCHOBE OMHAPHBIX
coenunenuit [10, 11].

[IpenckazaHuble 3HAUYCHMS INUPUHBI 3aIPEIleH-
HOHW 30HBI HOBBIX TBEPJBIX PACTBOPOB MOTEHINAILHO
TIPEACTABISUIN HHTEPEC ISl CO3/1aHHUS HICTOUYHUKOB H3-
JTy4eHHus OMKHero MH(PAaKpacHOro [Iuana3oHa Ha
MOJUTOKKaX apCeHHAA Taulusl M OCOOEHHO BEpPTH-
KaJIbHO-M3ITydaromux jJa3epos [12, 13].

OrpannunMcs 371eCh HEOONBIIMM 0030pOM TH-
IMAYHBIX TMOJYIIPOBOAHUKOB. HeOGXO)]I/IMO OTMCTUTD,

4TO B MOHOTpadusaX, 0030pax U CTaThIX HET CBEICHUH
0 TOJILIMHE ITOBEPXHOCTHOTO CIIOS MOTYIIPOBOIHHKOB.
OToMy U NOCBsLIEHA peularaemas paboTa.

2. Onucanmne Moaeun

B pabotax [14, 15] Hamu 0000IIIeHA TIPEITOKEH-
Hasi MOJIEJTb TIOBEPXHOCTHOT'O CJIOSI aTOMapHO-TIIaJKIX
MeTaioB. CXeMaTH4ecKH 3Ta MOJIENb Npe/ICTaBIeHA
Ha puc. 1 TToBEepXHOCTHBIN cION aTOMapHO-IJIAAKOrO
MOJYIPOBOIHKUKA cocTOUT U3 AByX cioes — d(1) u d(11).
Croii Tommumsoi npu h=d HazBas cioeM (1), a cioit pu
h=10d — cnoem (Il) aTomapHO-rIamKOro KpHCTAILIA.
IMpu h~10d HaunHAET TPOSBIATHCS pa3MEpHas 3aBHCH-
MOCTB (PU3HYECKUX CBOHCTB MOJTYNPOBOIHHKA.

BAKVYM
2 noBepXHOCTHRI C10f

: ) d
. A(h) Au(] -dﬁfﬁ)

HepexoHbI 10

_ d
Al =Ag (1 --5)

o A(h) = 0,5d

o0beMHas asa
A(h) = A, = const

A(h)

Pucynox 1 Cxemamuueckoe uzodpasicerue nosepxHocmuozo cios [14]

st ompeneneHus TOJIIMHBI [TOBEPXHOCTHOTO
CJIOSI PA3MYHBIX COCJUHEHHI HCIOIb30BAIACH Pa3-
MepHasi 3aBUCHMOCTh HEKOTOPOTO (PH3UIECKOTO CBOM-
crea A(r) [14, 15]:
d

A(r)=A,- l—? : r>>d

(D)

d r<d.

A=A 1-—|,
(N=A, d+r

IMapamerp d cBs3aH ¢ MOBEPXHOCTHBIM HATSDKE-
HUEM G (HOPMYIIOiL:

26V
=R @
3/1ech G—IIOBEPXHOCTHOE HATSHDKEHUE MACCHBHOTO
00pasia; v—00beM OTHOTO MOJIsT, R—Ta30Bast MOCTOSIH-
Hasi; T-temmneparypa. B [14], a Taxoke B [16], moka3aHo,
YTO C TOYHOCTBIO 10 3% BBITIOJIHSCTCS:

c=0.7-10°-T ,. 3)

rae Tm — TeMIeparypa IUIaBjiIeHHs TBEPAOTo Tena
(K). CooTHOmICHNE BRIOTHSIETCS I BCEX METAJUIOB U
JUISL IPYTUX KpPHCTAIIHUecKuXx coeauHeHui. Ilpu T =
Tm momyynm:
d(1)=0.17-10"v (@)
YpaBHeHue (4) NMOKa3bIBaeT, YTO TOJIIMHA II0-
BepxHocTHoro ciost d(l) onpenensercs onauM dyHaa-
MCHTAJILHBIM TapaMeTPOM — MOJIIPHBIM (2TOMHBIM)
obremMomM ammeMenTa (v = M/p, M — MomspHast Macca
(r/mMo1B), p — WIOTHOCTH (I/cM%)), KOTOPBIH IEPUOIH-
YECKHW M3MEHSCTCS B COOTBeTCTBUE ¢ Tabmumei JI.H.
Menpeneena.
3. TosmuHa NOBEPXHOCTHOI'O CJ10SI THIMIHYHBIX
MOJIYyNPOBOTHUKOB
B Tabmuie 1 moka3aHbl pe3yibTaThl pacueTa
cnoes d(I) u d(I1) mpu Temneparype GIU3KOM K TeMITe-
partype mnasieHus. Tonmuny d(l) sxcnepuMeHTaIBHO
MOYHO OTIPEJIETIUTh METOIOM CKOJIB3SIIET0 PacCestHus

PEHTTCHOBCKUX nyqeﬁ Opu BHYTPCHHCM OTPAKCHUU
[17].
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Tabnmma 1
1oy TpOBOTHUK M, r/mMoJib p, T/M° d(l), am R d(Il), am
Si 28,086 2,33 2,1 4 21
Ge 72,630 5,323 2,3 4 23
Te 127,60 6,24 3,5 a/c=8/6 35
Se 78,96 4,79 2,8 alc=6/5 28
GaAs 144,64 5,32 4,6 8 46
InAs 189,74 5,68 5.7 9 57
GaP 100,70 4,138 4,1 8 41
ZnS 97,474 4,090 4,1 alc=11/7 41
CdSs 144,46 4,82 51 a/c=12/8 51
CdSe 191,37 5,81 5,6 a/c=13/8 56
ZnSe 144,35 5,27 4,7 8 47
PbS 239,28 75 54 9 54
SnS 151,0 5,22 4,9 12 49
PbTe 334,80 8,16 7,0 11 70
SnTe 246,29 6,48 6,5 10 65

[pubmmxenno B cinoe d(1) Haxoxutcs 4 MOHOCTOsI
kpeMHus u repmanus (R=2,1 um/0,54 HM — napameTp
pemietkn). B cmoe d(l) mporcxomuT peKOHCTPYKIHS
noBepxHoctH [17, 18], Mmensiercst Ha 0OpaTHbIi 2 dexT
Xoimna-Iletya [19] u npyrue ¢puszndeckue 3pQeKTor.

PasmepHbie addextrr B cnoe d(l) onpenensirores
BCEM KOJUIEKTUBOM aTOMOB B CHCTEME (KOJUICKTHBHBIE
nporeccel). Takne «KBa3WKIACCHYECKHE» pa3MEpHBIE
3¢ ekt HAOMIOAAOTCA TONBKO B HAHOYACTHIAX H
HaHOCTPYyKTypax [20]. Pa3mep cmost mpocTupaercs 1o
d(l) = A (~ 0,01-0,1 BM I METAIIOB) — BOJIHA JIE
Bpoiins, rae HaYMHAIOTCS KBAaHTOBBIE pa3MepHBIC d(-
¢exror [21].

Cioit d(I1) mpoctupaercst mpuMepHO 10 pasMepa
d(ll) = 10 d. rae HaunHaetcs oObemuas ¢aza. C aToro
pa3Mepa HauyMHAIOTCS pa3MepHble cBolcTBa. [lon
HaHOMaTepHaJlaMHu TPHHATO TOHMMAaTh MaTEpUalIbI,
OCHOBHBIE CTPYKTYPHBIE 3JIEMEHTHI KOTOPBIX HE TIpe-
BBIIIAIOT HAHOTEXHOJIOTHUeCKOo! rpanulbl - 100 HM, 1O
KpaifHell Mepe B oqHOM Hamnpasnenuu [20]. Pag uccne-
JloBaTelIel BBICKA3bIBAET MHEHUE, YTO BEPXHUI IIpeen
(MakCHMabHBIA pa3Mep AJIEMEHTOB) ISl HAHOCTPYK-
TYp IOJDKEH OBITH CBS3aH C HEKMM KPHUTHYECKHM Xa-
paKTEepHBIM MapaMeTPOM: JJIMHOW CBOOOJHOTO MpO-
Oera HOcHTElIEH B SIBICHUSX TIEPEHOCA, pa3MepaMu J10-
MEHOB/IOMEHHBIX CTEHOK, TMaMeTpoM reTiu PpaHka-
Puna nnst cxonbxkeHus auciokanuit u T.01. [22]. 3Ha-
yuth B ciioe d(11) 10mKHO ObITE MHOTO pa3sMEPHBIX 3(-
(heKTOB, CBA3aHHBIX C ONTHUKOW, MarHETHU3MOB H JpY-
TUMH (GU3HYECKUME CBOMCTBAMH COTIIACHO YPABHEHUIO
1.

Ipu h=d Ha pucynke 1 mokazaH (a30Bblil Hepe-
XO/Jl, CBSI3aHHBIN C PEKOHCTPYKLMENW WM penaKkcalyen
noBepxHocTH. MccnenoBannio Ga3oBbIX MEPEXOJOB U
PEKOHCTPYKIIMH Ha MOBEPXHOCTU TBEPJOrO Telia IMo-
CBSIILIEHO OOJIBIIIOE KOJIMYECTBO IKCIIEPUMEHTAIIBHBIX U
TeopeTHyeckux padot [17, 23].

CymecTtByeT MHEHHE [24], 9TO B HAHOCTPYKTypax
npu d<10 HM poisb TeMmreparypbl Hrpaet pasmep. Mel
BOCIIOJIb30BAJIUCh Teopuell Jlanmay, 3aMmeHsisi Temmnepa-
Typy T Ha koopaunary h [25]. Cka4ok TEeImI0eMKOCTH
npu daszoBom nepexoae s 3omora AC, ~d = 1,2-1,7
(dx/monb-K). B pabote [26] mpoBeneHbI pacyeTsl Me-

TOJIOM MOJIEKYJISIPHOW IMHAMUKH TEIJIOEMKOCTH 30-
JI0Ta MpH pazmepax dactuil ot 1,5 10 5,5 um. [Torydeno
ACp = 1,65 (x/Monb-K), 4To GIIM3KO K MOJTYIEHHOMY
HaMH{, YYUTHIBas MPUOIIKEHHOCTh KOMITBIOTEPHBIX
pacyeTos.

U3 ypaBreHus (4) cnemyer oOpaTHO MPOMOPIIHO-
HallbHAs 3aBUCHMOCTH TOJIIMHBI ITOBEPXHOCTHOTO
cnost () or mmorHOCTH p (d(I) ~ 1/p). C ymeHbIIEHIEM
IUIOTHOCTH TONIMHHA ToBepxHOocTHOTO ciost d(I) Bo3-
pacraet. OTo IPUBOAUT K CYIIECTBEHHOMY H3MEHEHHIO
CBOWCTB TIOJIyIIPOBOAHUKA 3@ CUET €r0 MOPHCTOCTH.
bnarogapst BO3MOKHOCTH CO3/1aHHS TIOPUCTBIX CTPYK-
Typ C 33JlaHHBIMU ONTHYECKUMH CBOMCTBaMHU IOPH-
CThI KPEMHUH HCIIOJIb3YETCS B COJIHEUHOW 3HEpre-
THUKE B KayeCTBE aHTHOTPAXAIOMIUX TEKCTYpPHPOBaH-
HBIX MOKpbITHH [27, 28].

4. 3akJ0ueHue

B paborax [14, 15] HaMu ommcaHBI METOMBI JKC-
nepuMeHTabpHoro onpeneneuus Tomuua d(1) u d(11)
10 pa3MepHBIM 3aBUcHMOCTM ypaBHenus (1). OnHako
SMIUPHUYECKHE YpaBHEHUs (4) Hal0T BO3MOXKHOCTH C
GOJBIION TOYHOCTBIO OMPEAENTATh MapPaMETPHI TTOITY-
MIPOBOAHUKOB, CBA3aHHBIE C HX MOBEPXHOCTBIO.

Paboma evinonnena no npocpamme Munucmep-
cmea obpasosanusa u nayku Pecnyonuxu Kasaxcman.
I'panmor Ne0118PK000063 u Ne®.0781.
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AHHOTAUMSA

B HaCTOAIIECC BPEMs UCTIOBEKA OKPYKACT MHOI'O TCXHUKH, TEXHUYECKOC PAa3BUTHC KOTOpOﬁ HC CTOMUT HAa MC-
cre. Texanueckui mporpecc He npouiea u CTOpOHOﬁ paguorepeaarommne yc’[‘pOﬁCTBa Ha UHTCTPAJIbHBIX CXCMaX.
Ha III/I(l)pOBBIX HUHTCTPAJIbHBIX CXCMaX MOKHO PCAIM30BATh MPAKTUYCCKU JII0001 AJIrOPpUTM O6pa60TKI/I CUIrHajia
OCYHICCTBHHCMLIﬁ B IMPUEMHO-YCHUIIMTCIIbHBIX yc’[‘pOﬁCTBaX. B craTtee paccMaTpruBacTCd CUHTE3aTOP 4YaCTOT, IO~
CTpOCHHBIN Ha OpIcTponeiicTBytomel Mukpocxeme KO 1015TIJI3 A nmpegHasHadYeHHOM A1l TOCTPOCHUS COBPEMEH-
HBIX TA(POBBIX 9acTOTHBIX cuHTe3aTopoB ¢ PAIIY mrst KB, YKB u memmmerpoBoro auamnazoHoB BoaH. [Ipubop
nzrotaBnuBaioT 1o KMOII-TexHONIOTHH ¢ TONMUKPEeMHEBEIM 3aTBOpOM. [IpeacTaBieHa oHa n3 BO3MOXKHBIX CXEM
BKJIIOUEHUS TTprOopa.

Abstract

Currently, a person is surrounded by a lot of technology, the technical development of which does not stand
still. Technical progress has not passed and radio transmitting devices on integrated circuits. On digital integrated
circuits, you can implement almost any signal processing algorithm implemented in receiving and amplifying
devices. The article considers a frequency synthesizer built on the high-speed chip KF1015PL3A designed for
building modern digital frequency synthesizers with PLL for HF, VHF and decimeter wave ranges. The device is
manufactured using CMOS technology with a polysilicon gate. One of the possible schemes for turning on the
device is presented.

KuroueBble cj10Ba: paauonepeaaroiie yCTpoucTBa, IepeaaTyuK, CHHTE3aTOp YaCTOThl, MUKPOCXEMA, YCH-
JINTCIIb.

Keywords: radio transmitter, transmitter, frequency synthesizer, chip, amplifier.

Brenenne

3a mocnesHee BpeMsl CYIIECTBEHHO ITOBBICHIICS
TEXHUYECKUH YPOBEHb AJIEKTPOHHON TEXHUKHU. BBICT-
poe pa3BuTHe TpeOyeT co3JaHus Bce Oonee TOYHOTO U
CJIO)KHOTO aBTOMATH3HPOBAHHOTO TEXHOJIOTHYECKOTO
o0opynoBanust U1t H300peTeHns 0oJiee CI0XKHBIX U CO-
BEPUIEHHBIX YCTPOWCTB C JIyYIIMMH XapaKTepPHCTH-
KaMH U IapaMeTpaMy, MEHbIINMH TabapruTaMu.

Bospiioe 3HaUeHNE UMEIOT CPEACTBA MEPEAadn U
npuema nHpopMmanuu. CeroaHs CyIIeCTBYIOT Pa3ind-

Hble MHQOPMAIIMOHHBIE CUCTEMBI CBSI3U: PaJHOpeleii-
Hasi, ONTHYCCKas, MOOWIIbHAS, CITyTHUKOBAs U JIPyTHE.
Oco00e MECTO B JIEKTPOHHOMN TEXHHUKE 3aHUMAIOT pa-
JUoTIepearoIue ycrpoiictea B padote [6] ObL1 pous-
BeJIcH 0030p paroNepeaaonnX YCTPONCTB Ha HHTE-
TPAIBHBIX CXEMaX, Jajee PACCMOTPHM CHHTE3aTOp Ya-
CTOT.
Onucanme CHHTE3aTOPA YaCTOThI

BricTpozeiicTByromas MHKpOCXEMa
K®101511VI34 nipemHa3zHaueHa Ui TOCTPOCHHUS CO-
BPEMEHHBIX IIU(PPOBBIX YaCTOTHBIX CHHTE3aTOPOB C
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DAY nns KB, VKB w neuuMeTpoBOro Auana3oHOB
BoJstH. [Ipubop m3rotasnuBatoT mo KMOII-TeXHOIOTHH
C TMOJINKPEMHEBBIM 3aTBOPOM. MHUKPOCXEMbI CEpUU
K®@101511JI3 BBITyCcKAalOT B IJIACTMAccOBOM |6-BbI-
BOJHOM MHUHHaTIOpHOM Kopmyce 4308.16-1. Macca
npubopa — He 6onee 0.3 T.

B coctaB MUKpOCXEMBI BXOJAT (CM. CTPYKTYPHYO
cXeMy Ha puc. 1) reHepaTopa 00pa3I0BOi YaCTOTHI, Je-
JUTETHh 00Pa3IOBOM YaCTOTHI, YCHIIUTEND - (hOPMHUPO-
BaTeb BXOAHBIX BY umMnynscoB. Takke TpakT ABOMY-
HOTO JIEJIUTEIS 9acTOTHI ¢ MPOrPaMMHPYEMBIM K03(-
(hUITEHTOM JIETICHNUS, COCTOSIIIIUH U3 IBYXMOIYILHOTO
MpeaBapUTENFHOTO ASTUTENS 9acToThl Ha 31 mmm 32,
IIATHPA3PATHOIO CYETYMKA YIPABJICHUA TMPECAACIIUTC-

seM. 12 crapmmx pa3psiioB IpOrpaMMHUPyEMOTO JeTH-
TeJIs. ¥ JIOTUYECKOTO OJIOKa YIpaBJIeHHs, YaCTOTHO -
(azoBeIii nerexkTop U 20-pa3psiiHble NPUEMHBIH U OY-
(epHbIi perucTphl.

BxinroueHHas 1O TUIIOBOM CXEME C HAaBECHBIMU
KOMITOHEHTaMH MHKpOCXeMa CIOocoOHa paboraTh B
udpoBkIX cuHTe3aTopax ¢ @AY MeTpoBOro U elu-
METPOBOTO JHANa30HOB C YMEHBUIEHHBIM SHEpPromno-
TpeOIeHuEM.

[{oxoneBKka MUKPOCXEMBI:

Brison 1 - oOmmit s mpueMHOTO M OydepHOTO
PETHCTPOB, TPaKTa MPOTrPaMMUPYEMOTO AEIUTENS Ya-
CTOTBI M 9aCTOTHO-()a30BOT0 JETEKTOpPa, MHUHYCOBOM
BBIBOJI IIUTAHUS;
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|
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|
) 10 IE_
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151 A CTOTBI famm wactore: 10 G | EKomayTatop |
| - g
| R B
| | J VII |
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—— i ———— — —— — |
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Pucynox 1 Cmpyxmypuas cxema cunmezamopa 4acmomul

BrrBon 2 - 3apsaHBIN BEIXOM YaCTOTHO-(Aa30BOTO
JIETEKTOpa (CTOK IMOJIEBOTO TPAH3UCTOPA C p-KaHAIIOM);

BoiBoa 3 - pa3psaHbIil BEIXO 4aCTOTHO-(Ha30BOr0O
JIETEKTOpa (CTOK ITOJIEBOTO TPAH3UCTOPA C N-KaHAJIOM);

BbiBox 4 - KOHTPOJIbHBINA BBIXOA WHIUKAIUK (a-
30BOM CHHXpOHU3auu B nietine @AY,

Boisoa 5 - BY Bxoj ycumutens — GopMupoBaTesst
TpakTa IporpaMMUPYEMOTO JIETUTENS;

BriBog 6 - BX0J] MPOrpaMMHUPYEMOTO JICTUTEIS,

BriBon 7 - BX0/ pa3pelieHus nepe3anucu nHhop-
MAIIIH U3 IPUEMHOTO perucTpa B OydepHsIii;

BrrBon 8 - BX0J] TAKTOBEIX HMITYJTHCOB 3aITHCH WH-
dopmanuu (C);

BriBox 9 - mi1rocoBo# BEIBOJI MUTAHUS,

Brreon 10 - Bxon 3anmcu nHpopMaruu o ko3hhu-
uuenTax genenus (D);

Brieox 11 - BEIBOJ TS TOIKITFOUEHUS KBaPIIEBOTO
pe30HATOpa; BEIXO TeHepaTopa 00pa3I0BOi YaCTOTHI,

BeiBoz 12 - BBIBOJI MOIKITFOUCHHUS KBAPIIEBOTO pe-
30HATOpAa; BXOJI CHTHaJIa BHEIITHETO TeHepaTopa o0pas-
IIOBO# 4aCTOTHI;

Boeieog 13 - BXOa cHTHAga OTKJIFOUCHHUS BBIXOA
JIEJIATEIISE 00pa3oBOi YacTOThI (1pu ypoBHE 1);

BeiBon 14 - BBIXOA nenmuTens oOpasioBoil ya-
ctothl (ipu ypoBHE 0 Ha BbIB.13) win BXOJ YaCTOTHO-
¢azoBoro nerekropa (npu ypoBHe 1 Ha BbIB.13);

Brisox 15 - oOmmii 11 TeHepaTopa W ACTUTEIS
00pa3IoBOi YaCTOTHI, MUHYCOBBIH BEIBOJI TUTAHMUS;

BriBox 16 - KOHTPOJEHBIN BBIXO]] IPUEMHOTO pe-
THCTpA.
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Tabnnma 1.
OCHOBHBIE XaPaKTEPUCTUKU TPH lop.cp = 25+£10° u U uranms 5 B
IHapametp 3HaveHune
HomunanpHOE HanpsikeHue nuTadus, B 4.5...5.5
[penenbl ko3 duIMEHTa NeNIeHUsT TPAKTa MPOrPaAMMHUPYEMOro JENUTeNs ya- 992-131071

CTOTHI

KoadduimenTs! neneHus aenutelis 00pa3oBoi 4acTOThI

100, 200, 400, 512, 640,
800, 1000, 1024

WHTepBan BXOAHOM YacTOTHI TpaKkTa porpaMMupyemoro aenurens, My 50...1000
WHTepBan BXOJHOW YacTOThI ienuTesst 00pa3ioBoi yactotsl, M1y 1...50
UyBCTBUTEIBHOCTh YCUITUTENS-(POPMUPOBATENS, Boggp, (MEHBILIEE 3HAUCHHUE - IS 02. 09
yacToThl B nipesenax 50...500 MIy) e
UyBCTBUTEIBHOCTH 10 BXOAY T'eHepaTropa 00pa3IoBOi 4acTOTHI (JUIS BHEIIHETO 100.. 150
KBapIlEeBOr0 TeHEPATOPa, MBsgg)
HauGounbimmii notpedisieMblil TOK, M4, He OoJiee 15
BbIXo1HOE CONPOTHBIIEHNE BBIXO/I0B YaCTOTHO-(ha30Boro nerekropa, Om, He 60-

nee

3apsTHOTO 300
pa3psTHOTO 200
BrIxomHOE COMIPOTHBIICHHE ASTUTENs 00pa3IoBoii 4acToThl, Om, He Oolee 200
BBIX0THOE CONPOTHBIICHHE KOHTPOJILHOTO BBIX0/Ia HHIUKALIMY (ha30BOH CHHXPO- 200
Hu3amu, Om, He Gonee

BbIXoHOE CONpPOTHBIICHNE reHepaTopa 00pa3noBoil yacToTel, Om, He Oolee 200

00pa3moBoif 9acToTH (BBIB.12), MKkA, 11 curHaIa
Huskoro ypoBHs

BxomHotii Tok BY BX0oxa ycunuremsi-GopMupoBatens (BBIB.S) ¥ BX0/1a TeHepaTopa

He menee -30

Bricokoro ypoBHs He 6osee +30
Tabnuua 2
[IpenenpHbIe TONMYCTHMBbIE 3HAYCHUSI
IHapamerp 3naveHue
[TpenenbHble 3HaYECHUsI HANIPSDKCHUS] TUTaHUsI, B 3...6
HauGonplinii a1eKTpocTaTHYecKuii NOTeHIMaN, B, He MeHee 150
Pabounii nHTEpBaJ TEMIEPATypHl OKpYy)atomei cpeasl, °C -60...+70
[IpenenpHble 3HaUCHHUS TEMIEPATyphl OKpy>Karomie cpensl, °C -70...485
Rs RS
R2Ix 100 x 100 «
I 1
_I_
e
' /\(_"f 5.2 E (&)
/1 2 -g' % 0,015 ux
201 -
an= il "8
g PO o ==
* 9 3000
J— T
c3 |
0.0] s
Ri [:I Kowrporrep ,R,( }"r-_ K avcvody
0] Ix AT3078M VHA
-53

PuC_yHOK 2 Cxema 6KIOYCHUSL cuHmeszamopa 4acmoniui.

Ha puc. 2 mnpencrasieHa oHa M3 BO3MOMHBIX
cxeM BKItoueHus nipubopa. [Ipu BeIOOpe KBapiieBOro
pe3oHaropa Ui TreHeparopa 00pa3loBOH YacTOThI
HAJI0 YYUTHIBATh, YTO PE30HATOP JOJDKEH paboTaTh Ha
napauieIbHOM PEe30HaHCe, YacTOTa KOTOPOro OoJiblle
Y4aCTOTHI TOCIIeIOBATENLHOr0. BKitoueHnem nocineno-
BaTEIILHO C PE30HATOPOM KaTYIIKH HHIYKTHBHOCTH 10

Mkl ynaercss mpuUOTU3UTBCS K 9acTOTE IOCIEI0Ba-
TEIHHOTO PE30HAHCA, HOMHUHAJIOM KOTOPOH OOBIYHO H
MapKHUPYIOT KBapIIEBEI Pe30HATOP.

IMonctpoiikoit koHmaeHcatopa Ci  TOOUBAIOTCS
YCTOWYMBOM TEHEpalyu, B 4Ye€M MOXHO YOeAuThCs,
CHHUMasl CUTHaJI ¢ BbIBoAa 11 MukpocxemMsl. B HopMais-
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HOM PEXHMME 3TOT CUT'HAN NPEACTaBIsAET COO0H CHHY-
COMIY C ABOMHOM aMIunTyAo# 1...1.2 B ¢ mocTosHHON
cocTaBysionIeld okoyio nojgoBUHbL U,,,. Eciu B kave-
CTBE 00pa3lOBOI0 MCIOJIB30BaH BHEIIHUHA CTaOMIb-
HbIM KBaplEBbId I'€HEPATOp, €r0 BBIXOJHOW CHUTHAI
HanpsbkeHueM 100...250 B noparot Ha BeIBOA 12 ye-
pe3  pasdenuTenbHBII  KOHAEHCATOP  €MKOCTBIO
1000...10000 n®.

3HAYNTETHHOTO CHIKEHHSI SHEProIoTpeOIeHUs
(pu pabote Ha yactoTe 10 600 M) MOKHO TOCTUYD,
TIOHU3UB HanpspkeHue nutanus 10 3.3...4 B. [lpu atom
noTpediseMblid TOK yMmeHbmaercs 10 4...5 ud u x
TOMY K€ yJy4IIaeTCsl YyBCTBUTEIBHOCTH 10 BY BXOIy
MHUKPOCXEMBI.
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[TpuBeneH kpaTkuii 0030p CTPYKTYPHBIX MOKPHITHH, IPUMEHSIEMBIX B TPaXIaHCKOM H ITPOMBIIIIICHHOM CTPO-
uTenscTBe. Ha 0OCHOBE TEXHUKO-DKOHOMUYECKOT0 aHAJIN3a Pa3IUUHBIX KOHCTPYKTHBHBIX PEIICHUHN CTPYKTYPHBIX
CUCTEM MPUHATO ONTUMaNIbHOE perieHue. Pacuer Bencs ¢ npumenenuem [1K JIMPA.

Abstract

A brief overview of structural coatings used in civil and industrial construction is given. Based on the tech-
nical and economic analysis of various structural solutions of structural systems, the optimal solution was made.
The calculation was performed using the LIRA software package.

KiroueBblie cjioBa: CTPYKTYpPBI, METAJUI, aHAJIU3, ONTHUMAJILHOE PEIICHNE.

Keywords: structures, metal, analysis, optimal solution.

1. KoHCTPYKTHBHBIE THIIBI CTPYKTYPHBIX TO-
KPbITHii B TPaKIaHCKUX W MPOMBILNUIEHHBIX 371a-
HusIX. CTpyKTypHBIE MOKPBITHS HMEIOT OOJBIIyIO
JKECTKOCTh, CYIIECTBEHHO MEHBIIYIO BBICOTY, UYe€M B
(hepmax OKPHITHSL. DTO TIO3BOJIAET 3aMETHO COKPATHTh
CTPOHTENBHBI 00BEM W PacxXolIbl Ha OOCITYyXHBaHUE
npoeKkTHpyemMoro 3aanus. B Poccum mHanbonee pacmpo-
CTpPaHEHBI CUCTEMBI MPOCTPAHCTBEHHBIX CTPYKTYPHBIX
nmokpeiTuii THma «bepmua», «Moayms», «Kucmo-
Boack», «IIHUUIICK», «IIHHUHUCK», «MAPXWN».

OcraHoBuMcsl Ha HanOoJIee 3HAYNMBIX OOBEKTaxX Iepe-
KPBIBAEMBIX POCTPAHCTBEHHBIMU KOHCTPYKIHSMH.
[MaBunbon «Tpuymd» moctpoen B r. Mocksa
Broib OpyH3eHCKON HaOEpe)KHOW U BXOAUT B COCTaB
BEICTaBOYHOTO Komrmiekca "Poccrpoidkcno”. Ilo-
cTpoeH naBmwisoH B 1985 romy [1]. Or umeer mpsimo-
yroipHyo ¢opMmy B miaHe ¢ pasMepamu 113x33 M
(puc.1, a). 3gaHne COCTOMT M3 ABYX IOJlypaM pa3zMe-
poMm 33x33M, KOTOpBIE TUIABHO MPHUMBIKAIOT O KOH-
Typy 34aHUs K BepTHKaJbHOW cTeHe. Takoe pelieHue
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pazpaborano B « MAPXW». Pacxon meraiia cocras-
astet 24,0 xr/M2.

B ropoae Kamyra moctpoeH OOJbIIEHPOSICTHBIH
MarasuH « Moy, UMEIOIINI KBaJIpaTHOE CTPYKTYpHOE
MOKpBITHE ¢ pa3Mepamu B miaHe 36x36m [1]. TIpo-
CTPAHCTBEHHBIE KOHCTPYKIMU HOKPHITUSI TPHHATH C
PELIEeTKOM, MMEIoUel JOIOIHUTENBHBIE JHaroHallb-
Hble crepxkHHU (cucrema « MAPXW»). Ipu Takoi kom-
TTIOHOBKE PEIIETKH PacXoi CTAIN 3aMETHO MEHBIIHH,
4eM B IIpeblAYLIEM pellleHHd U cocTaBuser 11,3kr/m?
(puc.1, 6).

B r. KyOuHKa CTpyKTypHas IUMTa NEepeKphIBaeT
3aHUE TABWIBOHA, KOTOPBIA PACIONOKEH B 30HE
napka «Ilarpuor» [1] (puc.1, B). [lnomans maBuisoHa
umeet 5100 Mm%, BaxkHbli mokaszatesb — yieabHas Macca
CTPYKTYphl, KOTOpas cocTapiser 22 Kr/m?. 31aHue
umeet BoicoTy 17,4 M. K 0CHOBHOMY 371aHHIO MTABUJIb-

-
-

pas
-

a - nasuawon « Tpuymeh»,
2. Mockea

OHa MpuMbIKaeT BTOpoil 010k (puc.l, r). [Ipumeua-
TENBHO TO, YTO KOHCTPYKLHMS IOKpPBITa CHELHATbHOM
CEeThIO C LIEJIBIO CO3JaHUs TEHU HaJ PaCIOJIOAKEHHOH
skcno3unueil. [IpoctpaHcTBEHHAsI KOHCTPYKIHS HMEET
B r1a”e pa3Mepsl 72x141 m. Ee nonesnas miomans co-
crapisieT 6osee 8600 M2, Pacxon Meraiia Ha CTPYK-
TypHOE TIOKpbITHE — 15,74 KT/M2,

HeoObIuHast KOHCTPYKIHSI CTPYKTYpPBI IPUMEHEHA
B JICNIOBOM ICHTpPE, PacmoioxeHHoM B Mockse [1].
[TpocTpaHcTBeHHAsT KOHCTPYKLMS UMEET BCIIApYyIICH-
HyI0 OpMy, a caMO ITOKpPHITHE TPO3pavHoe C MpuMe-
HeHueM crekiia (puc. 1, €). Pasmeps! TOKPBITHS HEGOITh-
mue — 14,5x14,5 M. Pacxon cramu — 21,6 xr/m?. He-
00BIYHO OBLT IPOU3BEICH MOHTAX NMOKPHITUA. CHavyama
CTPYKTypa Oblia coOpaHa Ha CTEHAE, a 3aTeM KpaHOM
YCTaHOBJIEHA Ha KOJIOHHBI; IPHYEM BCe PabOThI BBIIIOJI-
HSUIUCDH B CJIOXKHBIX YCIJIOBUSIX.

(MATE N,

0 - macazun « Moy,
2. Kawyea

g - oaok 1
Buicmasounwiit nasumon, 2. Kvouuxa

2-baok 2

e - 0enosolt yewmp,
2. Mockea

Puc. I CmpyxmypHvie nokpvimus 8 2pasxcOaucKux 30aHUsIX

W3-3a xpynHoi#t aBapun Ha CasgHo-llymenckoit
THAPORJICKTPOCTAHINH OBUIH MOJHOCTBIO Pa3pyIIEHBI
MIPOCTPAHCTBEHHbIE KOHCTPYKLUH. BoccraHoBneHue
Pa3pyILIEHHBIX JJIEMEHTOB 3/IJaHHs MAllIMHHOTO 3aja [3]
obut0 BBIMONHEHO B 2009 romy. Bomnbmue moBpexie-
HUSI M BEPTHKAJIBHBIE CTOMKH paMbl, OTICIbHBIC
CTEP>KHEBBIE 3JIEMEHTHI CTAJIBHOTO KapKaca 37aHusl.

Ha Bypelickoil THAPOAIEKTPOCTAHIUM MallINH-
HBIH 3aJ MPEICTaBIsAET cOO0H paMHYI0 KOHCTPYKIIUIO

cucreMbl «MAPXW» ¢ mnpsSMOyroipHBIM IUIAHOM
150x28,5 M (puc.2, 6) [4]. Bce crepxHu CTPYKTYpBI
OJIMHAKOBBI U JUTMHOM 2 M. Purenb pambl U CTOHKU BbI-
MIOJIHEHBI JIBYXBSPYCHBIMU C BHICOTOM CEUEHHUsI paBHOM
2,82 M. DTO KpynHeHIIas 3JeKTPOCTAHIMS, 00CITYKH-
Baromas Jansauit BocTok. Y nenbHbIN pacxoa MeTasia
cocTaBnser 42,55 kr/m2.
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-t .

a - eoccmanoegaenue konempykyuit na Casno-ILhywenckou 19

o - PaMHaA KOHCMPYVKYUA cucmemsl

MAPXH na Bypeuckou I'2C

6 - Kapkac cxkaaoa,
2. Ilepmo

Puc. 2. CmpykmypHsie NOKpblmus 8 NPOMbIUUIEHHBIX 30AHUAX

B ropone Ilepmu noctpoeHo 31aHuE CO CTPYKTYp-
HOM 1muTol cucteMbl « MAPXWy [2]. TTokpbiThe mpsi-
MOYToJIbHOE ¢ pa3Mmepamu B Iutane 108,6x72,4 m. Ha
puc.2, B IpeACTaBIeH (parMeHT CTPYKTYpHI C pazMme-
pamu B mnaHe 36x36 M. MOHTa) MOKpPBITHS BEJICS aB-
TOKPaHOM C BBUIETOM CTpEJIbI 24 M3,

TakuM 00pa3oM, IPOCTPaHCTBEHHBIE CTPYKTYp-
Hble T «KMAPX)» Halm npUMEHEHHE B 3IaHUSX
KaK TPaKIAHCKOTO, TaK W MPOMBIILICHHOTO Ha3HaYe-
Hus. OHM UMEIOT OoJbIION acmekT (GopmMoobpasyro-
[IUX 3JIECMEHTOB ¥ TI03BOJISIFOT BBIMOJIHSTH Pa3HOO0Pa3-
Hble 00BEMHO-KOMIIOHOBOYHBIE penieHus. Co3naBaTth

WHTEPECHBIE KOMIIO3UIIMK IS MHOXKECTBA COOPYXKe-
uus [1].

PerynsipHbie cTpyKTYpBI, COOMpaeMbie U3 OTACIb-
HBIX TPYOYATBIX 3JIEMEHTOB, 1 MHOTOTPAHHBIX Y3JIOB,
IJie BCE CTEPXKHU COEAMHSIIOTCS BBICOKOIIPOYHBIMU
0odTaMu, HaNUIM Iupoyaimee npumenenue. Cu-
crembl «MAPXW» 00agaroT BaXKHSHITUMHA YHUKATb-
HbIM CBOWCTBOM — €IOUHOW JJIMHOM MOAYJIHHOIO
CTEPIKHSA 17151 IPOEKTUPYEMOM IPOCTPaHCTBEHHOM KOH-
CTPYKITHH.

Tabnuna 1
TexXHUK0-9KOHOMHYECKOE CPAaBHEHHE PA3JIMUHBIX TUIIOB CTPYKTYD [5, 6]
Tum cTpyKTYpHOTO MOKPBITHS Pacxon cramy, Kr/m2 TpynoeMKoCTb, dern.-u/m

«bepnuny 20,54 1,56
«Kuncep» 30 2,8
«MApx» 13,63 1,14
«Kucnosonck» 18,75 1,42
«THUUCK» 22,8 0,88

KoHCTpykMM ~ MeTaJuIM4eCKHX  CTPYKTYPHBIX ~ HOBE IMPOBEICHHOTO aHaIH3a OBUIO IMOKA3aHO IIMPO-

TUTAT UMEIOT O0JIBIIIOE MHOT000pa3ue, OpUrHHaIbHEIE,
KpacuBble, aXXypHble. Tak B MPAaKTHKE NMPOEKTUPOBA-
HUSI TI0 Pa3sHOBHIHOCTU CTPYKTYp U HX CONPSDKEHHN
HacuuTheiBaeTcs 6onee 100 pasnmMYHBIX CHCTEM, OTIIH-
YaoILIUXCs, MPEXkKIe BCET0 KOHCTPYKILUEH y31a coeu-
HEHUS CTEPKHEN NPOCTPAHCTBEHHON PELLETKU.
[IpoBozs aHanu3 npeacTaBieHHON Tada. 1 yeTko
BUIHO, UTO IpPUMEHEHHE CTPYKTYp CHCTEMBI
«MAPXHW» skoHOMHUYHEE TO YAEIbHOMY PACXOLy
MeTajula U TPYIOEMKOCTH, YeM B JpPYyrux Hauboiee
pacnpocTpaHEHHBIX CYIIECTBYOIMX cucTeMax. Ha oc-

qaiilllee MPUMEHEHHE CTPYKTYPHBIX ITOKPBITHH, BBISB-
JICHO WX YHUKAIbHBIE OCOOCHHOCTH U HEOOBIIHYIO Kpa-
COTY COUYETAEMOM C BBICOKON HAJIEAKHOCTBIO.

2. PacueT CTPYKTYpHOI IVINTHI U AHAJIN3 BJIM-
SIHUSI THNA NPoduJieii HA ee HECYIIYIO CIIOCOOHOCTD.
PaccMoTpuM  BapuaHTBl  BBINOJHEHUS] DIEMEHTOB
CTPYKTYPHOH IUTMUTHI U3 PAa3IHYHBIX MPOQGHICH: IBY-
TaBpa, CHAPEHHBIX YTOJIKOB, CIIAPEHHBIX LIBEJUIEPOB,
Kpyrio# TpyOsl, kBajpaTHoi TpyOs! (Tab:.1). [Ipose-
JIeM aHaJIM3 BIMSHHSA TUIA Npouied Ha HEeCyLIyio
CHOCOOHOCTB CTPYKTYPBI IIPH CIEIYIOMINX UCXOIHBIX
JIaHHBIX. 371aHue auameTpoM 60 M mepeKpbiBaeMoe
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IUIUTOW M3 TETPadIpOB; JUIMHA CTep)KHEH 3 M, BBICOTa
IUIATHI 2 M; IIar KOJIOHH, PacHOJO0XEHHBIX MO TEpH-
METpY 3/[aHusl, paBeH 6 M; OIMPaHHE IUIUTHI C KOHCOJIb-
HBIMH CBECAMH Ha KOJIOHHBI OCYILECTBJIEHO Yepe3 pe-
nieryarbie Kanutenau (puc.3). Marepuan cTepkHen

TUTTHI — ATIOMHHUEBBIN CITaBa; CHEroBoi paiton — II;
BeTpoBOH paiioH — V. PacueT BHIIIONHEH B IIPOrpamMM-
HoMm komiuiekce JIMPA-CATIP [7], koTopelii ocCHOBaH
Ha MKD (MeToJ1 KOHEUHBIX 3JIEMEHTOB).

Tabimna 2
TexHUKO-PKOHOMUYECKOE CPABHEHUE PA3HBIX TUIIOB CEYEHUI 371€MEHTOB [§]
[Tonepeu Pacxon Ilena 3a lena,
Ne [Tpoduas HOE merauia, | | T, ThIC. ThIC.
CCYCHHE T pvo. pyo.
JByTasp Nel4 5
| 140x80 28.69 50.6 1451714
Tasp u3 aByx 5
2 TOREDE TOX6 l 23,06 436 1005.416
I i e ]E 25,44 413 1050,672
wsesuiepos 80x40
4 |Kpyrma%1pyoe O 21,58 552 | 1191.216
_|102x5 | _
s | mpatasa pye D 2135 433 | 918,050
80x5
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Puc.3. Cmpyxmypnoe noxpvimue

Pacuer Belcs B CleIyrOIEM MOPSIIKE:

1) cObop Harpy3oKk Ha MOKpHITHE (TIOCTOSHHBIX H
BpPEMEHHBIX);

2) co3maHWEe WPOCTPAHCTBEHHON pacueTHOM
CXEMbl KOHCTPYKIIMU B MPOrPaMMHOM KOMIUIEKCE C
YUETOM CIIECAYIOIIHMX aCIIEKTOB:

- IPUHSATHE CTeNeHN cBO6o b1 cucTeMbl — 6 (X, Y,
Z, UX, UY, U2);

- 3aKpeIUICHHE Y3JI0B CUCTEMBI — )KECTKOE;

- IPUHSTHE IPOCTPAHCTBEHHOW CXEMbI KOHCTPYK-
IIUM TPEXMEPHOM, MOCTPOCHHE C COOJIOICHHEM BCEX
(haKTH9IECKUX pa3MepoB;

3) 3amaHue JKECTKOCTH AJISL BCEX DJIEMEHTOB KOH-
CTPYKLIHHY;

4) 3amaHue Harpy3KW: 2 3arpyKeHUS — MOCTOSH-
Hasi Harpy3Kka (COOCTBEHHBIH BEC AJIEMEHTOB KOHCTPYK-
ILIMY ¥ TOCTOSIHHASL HArPy3Ka OT MMOKPBITH ), BpEeMEHHas
Harpy3ka (CHeronas);

5) Bemonuenwue reseparmu Tabui PCY ¢ cobo-
JICHHEM PACUETHBIX COYETAaHUHN YCHINH;
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6) BBITIOIHEHUE pacydeTa, pe3yJabTaThl KOTOPOTO
NPUBOIATCS B BHJIE DIIOP, MO3aHMK, MHTEPAKTHBHBIX
Ta0JIUL ¥ IPOTOKONA Pacyéra;

7) noadop HauboIIee BBITOIHOTO MOMEPEUHOT0 Ce-
YEHHE OJIeMEHTa MPOCTPAHCTBEHHOW KOHCTPYKIIMH

(p1/1.c>.3).
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PesynbraThl pacueTa NpOCTPAaHCTBEHHOW IIITUTHI
nokpeiTusa B 11K «JIMPA» moxkazamm, uro Hamboiee
MIPUEMJIEMBIM PEIICHUEM SIBIISIOTCS CIEIYIOIIUE TOIe-
pEUHbIE CEYEHHUsS 3JIEMEHTOB CTPYKTYpPBL: CTEpXKHHU
BepxHero nosica — Tpyda 140x10 MM; cTep>KHM HUXK-
Hero mosica — Tpyb6a 114x7 MM; packocskl — poduib
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3. BeiBoanl. MccnenoBanus NoTy4eHHBIX pe3yib-
TaTOB CTPYKTYPHBIX KOHCTPYKIMH ITO3BOJIMJIN BBI-
SIBUTH CJIEyIOIIee:

- Ha OCHOBE IIPOBE/ICHHOTO aHAIM3a PA3INIHBIX
00JIErYeHHBIX CTPYKTYPHBIX MOKPBHITHH OBUTH yCTaHOB-
JIeHbl YHHKaJIbHBIE CBOWCTBA MPOCTPAHCTBEHHBIX Me-
TAJUTNIECKUX KOHCTPYKIIHH;

- moka3aHo 3(h(HeKTHBHOE KOHCTPYKTHBHOE PeIlie-
HUE CTPYKTYPHOH IUIMTBI, UMEIOLIEN BBICOKYIO apXH-
TEKTYPHYIO BBIPa3UTENILHOCTh W HEOOBIYalHYIO Kpa-
COTY;

- BBIIIOJIHEH PacyeT CTPYKTYPHOTO HOKPHITHS, MO~
KazaHa ero 3()()eKTMBHOCTh M BBICOKAs HECyIias CIIo-
COOHOCTB;

- YHCJIEHHBIM DKCIIEPUMEHT IoKa3ail 3¢ ¢eKTHB-
HOCTh IIPUMEHEHHS METAUIMYECKUX Ipoduied u3
KPYTJIBIX TPYO IUISt HECYIINX 3JIEMEHTOB MOKPBITHS;

- HeoObryHast (opMa CTPYKTYPHOTO ITOKPBITHS
MIPUBJIEKAET KPACOTON M OPUTHHAIBHOCTBIO.

PaccmoTpeHHOE KOHCTPYKTHBHOE PEIICHHE MO-
KeT OBITh NMPUMEHEHO B KAauyecTBE MOKPBITHH, Kak
TPaXIAHCKUX 3[aHUI, TaK U OOBEKTOB MPOMBIILICH-
HOTO Ha3HAueHMUS.
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METO/JUKA OBECIIEYEHUA KAYECTBA @ YHKIIUOHUPOBAHUA JATYUKOB JABJIEHUA B
YCJIOBHUAX SJIEKTPOMATHUTHBIX IIOMEX HA BCEX 9TAITAX )KU3HEHHOI'O IUKJIA

Capoinos O.B.

Hauanvnux nabopamopuu snexmpomacnumuotl coemecmumocmu UL SMC

QUALITY OPERATION METHODOLOGY FOR PRESSURE SENSORS UNDER CONDITIONS OF
ELECTROMAGNETIC INTERFERENCE AT ALL STAGES OF THE LIFE CYCLE

Sarylov O.

Head of the Laboratory of Electromagnetic Compatibility TC EMC

AHHOTaNNA

PaCCManI/IBaeTCH MCETOAWKA IMOBBIIICHUSA HOMCXOyCTOfI'—IPIBOCTPI JAaTYUKOB JAaBJICHUA Ha BCCX dOTalax XH3-

HEHHOTO IIMKJIa OT pa3paboTKH 0 IKCIUTyaTaIH
Abstract

The technique of increasing the noise immunity of pressure sensors at all stages of the life cycle from devel-

opment to operation

KiroueBble cioBa: Z[aT"II/IK JaBJICHUA, UCIIBITAHUA, HOMCXOYCTOI\/‘I‘II/IBOCTB, QJICKTpOMAruuTHass COBMECTU-

MOCTbB.

Keywords: Pressure sensor, tests, noise immunity, electromagnetic compatibility.

[IpropuTeTHEIM HalpaBIIEHHEM pPa3BUTH YHEPTe-
TUYECKOH 0Tpaciy, Kak u JJI000H IPYTOH, SBISIETCS CO-
BEPIICHCTBOBAaHUE IIOMEXOYCTONYMBOCTH, Ha3bIBae-
MOH TakKe€ 3JIEKTPOMAarHUTHOH COBMECTUMOCTBIO —
OMC), cucteMm koHTpois u ynpasienusa (CKY) suep-
FOGHOKOB, B T.4. JaTYMKOB AAaBJICHUA KaK IIEPBUYHOIO
JJIEMEHTa CHCTEMBI, JUIS YBEIUICHUS UX KOHKYPCHTO-
CIIOCOOHOCTH Ha BHEITHUX PHIHKAX.

KitroueBbIM HETOCTATKOM CETOTHSIITHEH CUCTEMBI
TIOJITBEPIKICHUS] COOTBETCTBHSI SBJISICTCS PETIIAMEHTH-
pOBaHUE TOIBHKO MPOBEACHHUS MPUEMO-CIATOYHBIX HIH
ceprudukanmoHsbx ucneitTannii CKY nHa stame yxe
TOTOBOT'O CEpUHHOr0 u3aenus. Takas METOI0JIOTHS He
YYUTBIBAET, BOSMOXKHOCTH CPBIBOB CPOKOB ITOCTAaBKH
M3-3a HCHIPOXOKIACHUA HCHBITaHHﬁ, CYIIECTBEHHOC
YIOpOXKaHUE TIPU TOPAOOTKE yiKe TOTOBOI'O CEPUHHOTO
U3/, DJICKTPOMarHuTHAs 00CTAHOBKA 00BEKTA IKC-
TUTyaTaliid MOYKET OTJIMYAThCA OT TUITMYHOM, YUUTHI-
BaecMOU TMPU KOHCTPYHPOBAHUH.

Ha cramuu pa3paboTku BOMPOCH 0OECICUCHUS
MTOMEXO0YCTOWYMBOCTH HE TOJIYYHIN MIHPOKOTO pac-
MPOCTPAHCHUS B MPAKTHYECKOW KOHCTPYKTOPCKOH Jie-
AaTenbHOCTU. [lo3TOMY pa3paboTKa CHCTEMHOTO TOA-
X0J]a ¥ OCHOB METOJIMKH CKBO3HOTO YIIPaBIICHHUS Kaye-
CTBOM DJJICKTPOHHOW ammapaTypsl Ha BCEX J3Tamax
JKU3HEHHOTO IUKJIA (OT pa3pabOTKU 10 SKCILTyaTaIliH)
C YUYETOM YCIIOBHUH 3JICKTPOMArHUTHOM CPEIbl IKCILTY-
aTauy MPEJCTABIIAETCA aKTyaIbHON TpoOIeMoit, 00-
Jlajarolle HayYHOM HOBU3HOM.

OCHOBHBIMH 3a/1a4aMU TIPU UCCIICIOBAHUH SBJIS-
€TCS aHaJU3:

- METOJIOB YIIPABIICHHUS Ka4ECTBOM IO MapaMeTpy
JJIEKTPOMATHUTHOH COBMECTHMOCTH, B T.4. COBPEMCH-
HOW HOPMATUBHOU 0a3bl U Iy OINKAITHIA;

- BO3ICHUCTBUS CPEIbl IKCIUTyaTallld - 3IEKTPO-
MarHUTHOH 00CTaHOBKH (fasee mo tekcty — OMO) Ha
Ka4ecTBO (PYHKIIMOHUPOBAHHS AJIEKTPOHHOH ammapa-
Typsl. PazpaboTka mporpaMmbl U3MEPEHUH 3JIEKTpPO-
MarHuTHOM 0OCTaHOBKH;

- CTaTUCTUKU COOEB MM BBIABICHUS THUITHMYHBIX
BHUIO0B IIOMECX, ABJIAOINXCA HleIHHOﬁ C6OCB Ha 3Talie

sKCIuTyatanui. PopManu3anus METOIOJIOTHH paccie-
IOBaHHs COOEB;

- Pe3yIbTaTOB MOHUTOPUHIOB DJIEKTPOMArHUTHOM
06CTaHOBKI/I JJIA BBIABJICHUS 30HUPOBAaHUA U KaTETOPU-
PpOBaHUA HOMemCHHﬁ, W BBIABJICHUSA TUIIMYHBIX Iapa-
METpOB ITOMEX;

- pa3paboTKa METOJVKH YIPaBJICHUS KadeCTBOM
[0 TapaMeTpy 3JEKTPOMAarHUTHOH COBMECTHMOCTHU
YKU3HEHHOT'0 LIMKJIA C YY€TOM YCIIOBUH CPebl IKCILTY-
aTaluu;

- MPOBEJEHHUE 3KCIEPUMEHTAIBHBIX HCCIEN0Ba-
HUH 10 MPEASIOKEHHON METOAMKE. AHATIU3 UX PE3YIIb-
TaToB ¥ 3(P(PEKTHBHOCTH METOJAMHU KAa4eCTBA ISl BBI-
SIBIICHHS ySI3BUMBIX MECT;

OTINYUTENBHBIMA OCOOEHHOCTSIMH TTPEIOKEH-
HOW METOJIMKH, CO3/IaHHOU B pe3yJibTaTe CUCTeMAaTh3a-
LIUU YK€ CYLIECTBYIOLUX PE3yNbTaTOB UCIBITAHUN U
W3MEpEeHNH, aHaIN3a CTATUCTUKH OTKA30B, KiacCU(H-
Kallu¥ JEKTPOHHOH anmnapaTypsl B 3aBUCUMOCTH OT €€
B2)XHOCTH M JIONTYCTHMBIX KPUTEPHEB COOEB, SIBIIS-
FOTCS:

- IPOBEICHUE UCTIBITAHNS HA PAHHUX JTaax XKH3-
HEHHOT'O LIMKJIA JUIS OTAENIBHBIX y3JI0B U MOJYJIEH;

- 00beM paHHUX UCIIBITAHNH OIpENIeNIIeTCS XapaK-
TEPHBIMH ISl YCIIOBUI SKCINTyaTaluy pa3padaTsiBac-
MOH anmapaTypsl, 3JIEKTPOMArHUTHBIMU BO3JEHCTBU-
SIMU,

- MPOBEACHO 30HMPOBAHHE NMOMEIICHUI Ha 00B-
CKTC OJKCIUTyaTalluid B 3aBUCHMOCTU OT HU3MEPCHHBIX
XapaKTepHBIX MPU3HAKOB C OJIMHAKOBBIMM IapameT-
pamu cpefbl (aMIUTMTY/IbI, [UIMTEIBHOCTH, MTOBTOpSIE-
MOCTH TIOMEX);

- IOATOTOBJIEHA HOPMAaTHBHAs JOKYMEHTAlUs CU-
CTEMBI YIIPaBJICHHUsI Ka4eCTBOM — Iporpamma obdecre-
YEeHHs] KauecTBa Ha BCEX JTalax JKU3HEHHOTO LUKIA,
KOMILIEKT IPOTrPaMM — METOJUK UCIBITAHUI Ha ITOMe-
XOyCTOWYMBOCTH U H3MEPEHHH JIEKTPOMArHUTHOH 00-
CTaHOBKH, OIIPEAEIIEHBI TPEOOBAHUS K UX COCTABY H CO-
JIEPKAHHUIO;

- pa3paboTaH MPOEKT PYKOBOISIIIETO JOKYMEHTa
«TpeboBanusi K OOECIEUEHHIO 3IIEKTPOMArHUTHON
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COBMECTHUMOCTH CHCTEM KOHTPOJII M YHPAaBICHUS» U
MIPOBOIUTCA aKTyalM3alys MPOIyKTOBOTO CTaHIApTa
T'OCT 32137-2013 nmist 00OpyHOBaHUsI, MMOCTABIIsC-
MOT'O Ha SHEPrOOOBEKTHI.

OnHOM M3 MOJCHCTEM MEHEPKMEHTA KauecTBa sIB-
nsercs nmoacucreMa CMK mo TpeOGoBaHUSIM 3IEKTPO-
MarHuTHOH coBMectumoctu (OMC), Kak crocoOcTBy-
foniasi 00EeCIICUeHNIO AIIEKTPOMAarHuTHOH Oe30macHo-
CTH OKcIulyartanud. Ee JTOKyMeHTHl —conepikar
TpeboBaHus 1o obecrnedeHnio OMC Ha pazTHYHBIX
JTarnax >KU3HEHHOTO IMKJIA: BBIOOD IUIOMIAAKHA CTPOH-
TENbCTBA, BBOJI B OKCILTYaTaIIIO0, MOACPHI3AINA U IP.,
KOTOPBIE PACIIPOCTPAHSIOTCS B T.4. HA TATYUKH JIaBJIe-
Hus. [IpeanaraeTcs cucreMaTu3upoBaTh HOPMATHBHEIE
JIOKyMEHTBI ¥ TpeOOBaHU 1 pa3paboTaTh Mporpammy
obecnieuenus kadectBa (IIOK DMC) B xu3HEHHOM

LUKJIE JATYMKOB JABJICHUS IIPU BO3JICHCTBUH JIEKTPO-
MAarHUTHBIX HOMEX, XapaKTepHBIX IUIS SHEProoObeK-
TOB.

IIpoananu3upoBaHbl BUIBI 3JIEKTPOMArHUTHBIX
MIOMEX U MPE/ICTaBJIECHBI ITyTH UX IPOHUKHOBEHUS, TIPO-
BE€JIeHa COOTBETCTBYIOIIAsl KiaccH(UKanus Kak ecTe-
CTBEHHBIX, TaK U TEXHOT€HHBIX IO PUPOJI€ BOSHUKHO-
BEHUS.

IIpoanamu3upoBaB  KOHCTPYKLHIO  JaTYUKOB
BHJHO, YTO IOCKOJIBKY 3JIEKTPOHHKA JAaTUMKA 3aKIIIO-
4YeHa B CIUTOIIHON METaIIIMYECKUH KOPITyC, TO BO31€eH-
CTBHE€ MArHUTHBIX IIOJIEW TIPAKTUYECKH HE Cyle-
CTBEHHO. BBICOKOUaCTOTHBIE ITOMEXH, HABOJUMBIE Ha
Ka0eJsy, IPOHHUKAIOT Yepe3 IOPTHI CBA3M W/MIM DIIEK-
TPOMUTAHUS CBOOOAHO M HYXIAIOTCA B (DMIBTPALUU.
Amnanu3s oTobOpakaeM npu nomonu «/luarpammsl Ucu-
KaBbI».
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Puc. 2 Juarpamma «[1apeTo» mo EMIaM MoMeX, BeizbiBarommnM coon Ha A 3C

Puc. 2 Jluaepamma «llapemoy no sudam nomex, 8vi3u18arouum coOou 0amiurxos

MoununTtopuar OMO 1o MecTy IITaTHOM 3KCILTya-
TalMi — ACUCTBEHHBIM M MOIIHBIH MHCTPYMEHT JUIs
BBISIBJICHUSI PEAJIbHBIX MapaMeTpoB W BHIOB IOMeEX,
BO3MOHOCTh npeBbimennss Hopm 'OCT P u MOK,
TaKKe 3TO CIOXKHBIN H3MEPHUTEIHHBIN MTPOIIECC, BHIITON-
HSIEMbIH Ha 00BEKTE IKCILTyaTalny, B KOTOPOM 3aJeH-
CTBOBaHBL: 000pyIOBaHWE, JIIOAW, HOPMAaTHBHAs 0asa,
OKpYXKaromasi cpefia.

IIpoBenst morutopuar MO MBI moTydaeM WH-
(hopMaIuro 0 30He PACIIOIOKCHUS Ha 00BEKTE IKCILTY-
aTalyH, B KOTOPOH MapaMeTphl ¥ BUbI TOMEX NPUOIIH-
3UTENILHO WICHTHYHBIL:

- 30Ha pa3MelIeHHs CHIIBHOTOYHOTO 000py1oBa-
HUS, T/I€ IPe00IagaloT MarHUTHBIE ITOJIS TPOMBIIIUICH-
HOMW 9acTOThI, HAHOCEKYH/IHBIE UMITYJILCHBIE TIOMEXH.

- 30Ha pa3MeUIeHUsI MUKPOTIPOIIECCOPHOTO 000py-
JoBaHMs (0OIIME IIUTHI yIIPABICHHUsI, MECTHBIE IIUTHI
yVOpaBJiIeHUS), TOe MpeobiaamaloT paauodacTOTHBIC
MoJIs, KOHAYKTHBHBIE TTOMEXH, HAHOCEKyHIHbBIC HM-
ITyJIbCHBIC TOMEXH.

-- 30Ha pa3MelIeHHs KaOeIbHbIX CBs3ei (kabenb-
HBIE TIONTY?ITaXH), TAe MpeobdiaanaloT KOHAYKTUBHBIC
MOMEXH, HaBEJCHHbBIE PAJIMOYACTOTHBIMH TOJISIMU, UM-
MyJIbCHBIE MarHUTHBIC TI0JIsI, HAHOCEKYH/IHbIE HMITYJIb-
CHBIC TIOMEXH.

C y4eToM 30HBI pa3MelIeHHs anmaparypa MOXeT
OBITH CKOHCTPYHpPOBaHa I0-Pa3HOMY C TpEHMYIIe-
CTBCHHOH 3alIUTOH OT TEX MOMEX, KOTOphIe peobiia-
JTAIOT. DTO TO3BOIIIET MOMYIUTh SKOHOMHUYECKYIO BEI-
TOJy TIPH IPOU3BOACTBE, HE CO3/IaBasi MAKCHMATIHHYIO
3aIIATY «OT BCETOY.

B nporiecce sxcniepuMeHTaNbHOM anpodaruu pas-
paboTaH mepedyeHp MPOrpaMM-METOANK HCIIBITAHUH H
M3MEPEeHUH Ha BCEX 3Tamax XH3HEHHOTO IHKJIA, KOTO-
pBle CO3IIAIOT OOpaTHBIE CBS3U IPH BBISBICHHH HECO-
OTBETCTBUH Ipyu NOprUEMO-CAATOYHBIX, ITOJIMTI'OHHBIX,
pErIaMeHTHBIX HCIBITAaHUAX, KOTOPHIE BO3BpAIAlOT
n3Zenus Ha 10paboTKy ¢ yueToM niMepernoir OMO.

[TpoBeneHl MOHHUTOPHHIH 3JICKTPOMAarHUTHOMN
obOctaHoBKH Ooiree yeM Ha 20 SHeproOIIoKax 1mo paspa-
OOTaHHBIM TIPOrpaMMaM-MeTOANKaM. 3a(pUKCHPOBAHBI
3aKOHOMEPHOCTH JIEKTPOMATHUTHOW 0OCTaHOBKH:

- Yacrorsr 30-40, 60-65, 90-110, 160-180, 310-
380, 800-960, 1200, 1800 MI' xapaktepHsie 1t TB
1 paJuOCTaHIMIl, COTOBBIX CETEH, paiuoNepeIaTuNKOB
NIPUCYTCTBYIOT NIPAKTUYECKHU BO BCEX MOMEILCHUAX;

- HanpsikeHHOCTh MarHUTHBIX TOJIEW JOCTUTAET
coteH A/M BOIHM3H CHIBHOTOYHOTO 000PYA0BaHUS.

[Tpou3BeneH CTaTUCTUYECKUI aHAIHM3 UCTIBITAHUI
Jutst 6osiee 100 1aTYMKOB IPON3BOJICTBA PA3TMYHBIX M3~
rotoButenedl Poccuu u 3apy0exkbs, 4To COCTAaBUIIO 00-
see 1500 MKI0B BO3ACHCTBUS Pa3IMUHBIX MIOMEX.
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Puc. 3 Peaxyus oamuuka Ha paduowacmomuoe
Hanpscenue

Puc. 4 Peaxyuss 0amyuka Ha 91eKmpocmamuxy
+15kB.

AHanu3 IOKa3bIBAET, YTO OJHU BHIBI ITOMEX-
HUII, MUII, KPH sBnstoTcst Hanboee 9acThIMU TIPH-
YUHAMU cCOOEB W TIOBTOPSIOTCS B 00OHMX TUAarpaMmax,

HO B Pa3sHOM IPOLIEHTHOM COAEp>KaHUH, a ApYyTrHe-
PUII, K3I1 BcTpeyaroTcs B OHOM MECTE U HE TIOBTOPSI-
FOTCSL.
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Puc. 5 Bozoelicmsue KoHOYKMUBHbIX NOMeX HA KAHA U3MepeHUs 0asleHus

Harnsinno BuHA peakiivs AaTYUKa MPOIIEANIEro
WCIIBITAaHUS B PEAIbHOM KaHajle M3MEpeHHUsl JaTduka
JlaBJIeHUs (pOBHAS JIMHUS) U HE MPOILIEAIIEro UX (KpH-
Bast JIMHUS).

OcHoBHbIE Pe3yJIbTaThI U BHIBOJbI

1. TIpoBeneHHBIN aHATN3 METOJIOB YIPABICHUS
KaueCTBOM, B T.4. HOPMATUBHOW 0a3bl M ITyOIUKAIHIA
TIOCTIETHUX JIeT, TI0Ka3ajl UX HEAOCTaTOYHY 3]dek-
TUBHOCTh NPUMEHUTEIHFHO K OOECIICUCHHI0 KadecTBa
CO3JaHMsl 3JIEKTPOHHOHN anmapaTrypsbl, SKCILUTyaTHpye-
MOW Ha TEXHWYECKH CIIOKHBIX OOBEKTaX B YCIIOBHIX
BO3JIEHCTBUS 2JIEKTPOMArHUTHBIX TTOMEX. AHAIHU3 MPO-
BOJIUJICS HA IPUMEPE JATIUKOB IaBJICHUS, KOTOPBHIE 5IB-
JISTIOTCS IEPBUYHBIM U3MEPUTENBHBIM 3JIEMEHTOM TIO/I-
CUCTEMBI U3MEPEHUSI TaBJICHMUS, SKCILTyaTUPyEeMOil Ha
sHeprooOoke. JlaTynku NaBICHUSA, MPUMCHICMbIC Ha
JieTaTeNbHBIX afmaparax, cyJax, MOJABOJHBIX JOJKaX,
HedTernepepadaTHIBAIOIINX MTyHKTAX, SIBITIOTCS aHAIIO-
TUYHBIMH WM pa3pabaThIBaMBIMU 110 AHAIOTHYHBIM
MIPUHLIMIIAM.

2. Jlana xnaccudukanusi BO3ACHCTBHUSI IEKTPO-
MarHUTHBIX TIOMEX Ha KadecTBO (DYHKIIMOHHPOBAHUS
3JIEKTPOHHOM anmapaTypsl, Ha IpUMepe TaTYUKOB JaB-
nenus, MetogoM «Jluarpammer McukaBey. Paspabo-
TaHa METOUKa 00CIICIOBaHMS IEKTPOMArHUTHOM 00-
CTAHOBKU Ha TEXHHYCCKH CJIIOKHOM OOBEKTE, Ompee-
JSomas  TOPSIOK  B3aUMOJICHCTBUSL  YYaCTHHUKOB
o0ceI0BaHus, MOCICA0BATCIBHOCTD MPOBEICHUS U3-
MEpPEHUH, UCIOIb3yeMoe 000pyI0BaHKE, U3MEPCMBIC
BEJIMYMHBI, JIOMYCTUMBIE TMOTPEIIHOCTH H3MEPEHHH.
Bribpan coctaB 060pymoBaHus OBICTPO pa3BEPTHIBaC-
MOTO MOOHMIIBHOTO U3MEPUTEIFHOTO KOMITIIEKCA.

3. TlpoBeneH aHanu3 cOOEB Ha ATArE IKCILTyaTa-
IIUM TEXHUYECKHU CIOKHOTO 00BEKTa Ha MPHMEpE CTa-
TUCTHKH DKcIuTyatupytomiei OpraHu3aiiy Mo CUCTe-
MaM, BaKHBIM JJIsi O€30IIACHOCTH M YCTPOMCTBaM pe-
JICWHOM 3al[UThl 1 aBTOMATUKH. AHAJIU3 TOKa3all, 4TO
TPaTUIIMOHHAS METOJOJIOTUS OOCCIICUCHHS TOMEXO-
YCTOMYUBOCTH TPHU MPOBEIECHUH MPUEMO-CAATOUHBIX
WCTIBITAHUH KOHCTPYKTHUBHO 3aBEPUICHHBIX (CEpHii-
HBIX) U3JICNIAH SBISCTCS HEJOCTATOYHO d(Hh(HEKTUBHOM,
T.K. HAOJIFOTat0TCS 3aICPIKKH CPOKOB ITOCTABKH TSI JT0-
PpaboTKH U3MIeNNH, a TaKXKEe COOM Ha dTare UX IMOCIEy-
el skemtyarauuu. Metonom «/luarpamm I[apero»
BBISIBIICHBI HamOollee CYIIECTBEHHBIC BHIBI SJIEKTPO-
MarHUTHBIX TOMEX, MPHUBOAALINX K cOOSM, KOTOPBIE
OyIyT BKIIIOYEHBI B TIPOTPAMMBI-METOAUKH IS HCITBI-
TaHUN Ha paHHUX dTanax XU3HEHHOIO LUKJIA.

4. TlpoBeneH aHaTU3 pe3yJbTaTOB MOHUTOPHH-
TOB 3JIEKTPOMAarHUTHOH 0oOcTaHOBKHU (Oonee 20 kpym-
HBIX O00BEKTOB). 3aMKCHPOBaHBI 3aKOHOMEPHOCTH
MIPUCYILEH UM DJIEKTPOMAarHUTHOH 0OCTaHOBKH, BBIE-
JICHBI €€ 30HBI C HICHTHYHBIMU ITapaMeTpaMu (aMILIH-
TyJIBl, YaCTOTHI, BUJBI ToMeX). VHpopmanus o 30Hax
JNIEKTPOMArHUTHOH OOCTAaHOBKM W €€ IapaMeTpax
yUTeHa [pU pa3paboTKe HOPMATHUBHOM JTOKYMEHTAIINH.

5. Pa3paboraH MeTOJ yNpaBieHUs] KayecTBa IO
napamerpy 3JeKTPOMAarHUTHOH COBMECTHMOCTH, 3a-
KJIIOYAIOLIUICS B MPOBEACHUM MCIBITAHUM Ha 3Tare
pa3paboTKK dNIEKTPOHHOM ammapaTypbl. Pazpaboran
KOMIUIEKT HOPMATUBHBIX JOKYMCHTOB MOACHUCTEMBIL
MeHe/DKMeHTa kadecTBa 1o OMC B moAIepKKy paspa-
0OTaHHOTO MeTO/a.

6. IIpoBeneHbl NpaKTUYECKHE HCIBITAaHUS Ha
AJIEKTPOMArHUTHYIO COBMECTUMOCTD JIaTYMKOB JIaBje-
Hust. [IpoaHann3mupoBaHbl X pe3yIbTaThl TP TTOMOIIN
METOJIOB KadecTBa: rmcTorpamMm u «/lmarpamm Ila-
peTo», yCTaHOBJIECHBI HauOoOJee YS3BUMBIC 3JICKTPOH-
HBIE Y376l U MOJLYJIH, JOpa0b0TaHa UX KOHCTPYKIHS Ha
9Tare KOHCTPYHUPOBAHHUS, IPOAHATM3UPOBAHBI PE3YJlb-
TaThI MOBTOPHBIX UCIBITAHHH.

7. TlpoananusupoBaHa 3G(HEKTUBHOCTH MPEIIIO-
YKEHHOT'0 METOJIa C TOYKH 3PEHUsSI 3aTpaT Ha ero peaju-
3al[MI0 M 3aTpar BCJIEJCTBUE OOJBIIOrO KOJIHMYECTBA
cboe mpu skcrutyararmu (PAF-monens). Pesynbra-
TaMH SIBJISICTCS TAKXKE:

- JlommycTiMasi HOrpelIHoCTh IaTYUKOB JaBJICHUS
ymenbmmnacek ¢ 0,5-0,75% mo 0,05-0,1% (y mydmmx
Moenei);

- JlomycTUMast OrPEeNIHOCTh Y COBPEMEHHbBIX JIaT-
YHKOB JIaBJICHHS YUUTHIBACT BCE BHEIITHHUE BO3/ICHCTBY-
forre (QakTopel (TemmnepaTypa, JaBlIeHHE, paTuarvs,
OMC), Torna Kak paHbliie TOMyCKaIUCh OTACIbHBIE OT-
KJIOHEeHUS! (YHKIMOHMPOBAHUS Ha BpeMs JCHCTBUS
OJICKTPOMAruMTHBIX ITOMEX;

- Ha MozepHM3MpOBaHHBIX JaT4MKaX aBJICHUS
JIONTYCTHMO MTPUMEHEHHNE HEIKPaHUPOBAHHBIX Kabemen
CBSI3U BMECTO 00513aTEIILHOTO MPUMEHEHHS SKPaHUPO-
BaHHBIX, KaK paHee;

- B KxauecTBe y4eTa JONOIHHUTENBHBIX (DAKTOPOB
HayaTbl pabOTHI MO OJHOBPEMEHHOMY BO3/EHCTBHUIO
PAIUALMOHHOTO CTAPCHUSI U JIEKTPOMATHUTHBIX I10-
MeX Ha JIATYUKH JaBJICHUSL,

8. OOHapyXeHHBIC HEAOCTATKA YIIPABICHUS Kade-
CTBOM I10 [IAPAMETPY AIEKTPOMArHUTHOI COBMECTHMO-
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CTH TOCIYXWIH MOBOJOM IJIsl aKTyaJIH3alUd CTaH-
napra F'OCT 32137-2013 nist o0bopyaoBaHusi, MOCTaB-
JSIEeMOTO Ha HSHEProOJIOKH, W PYKOBOJSIIETO JOKY-
MmeHTa «TpedoBanus K 00eCcreueH IO IeKTPOMAarHuT-
HOH  COBMECTUMOCTH  CHUCTEM  KOHTPOJSI U
YIPaBICHUS.

CHnucok 1urepaTypsl
1. TOCT 32137-2013. CoBMECTUMOCTh TEXHU-
YEeCKUX CPEJCTB JJIEKTPOMAarHUTHas. TexXHHUecKue
CpeAcTBa JUIsl aTOMHBIX cTaHUUi. TpeOoBaHus M Me-
TOJIbl UCTIIBITAHUM.
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Abstract

Increasing the concentration of nitrogen compounds in wastewater has led to a deterioration of surface water
quality, which is the main source of economic drinking water supply for the vast majority of Ukrainians. The
Government of reservoirs in the territory of Ukraine recorded an excess of norms for ammonia nitrogen - 2-15
times, nitrates - 7-20 times. The consequences of contamination with nitrogen compounds are eutrophication,

which is caused by hypertrophied development of algae (“flowering™); reducing oxygen content.
Keywords: immobilized organisms, anaerobic-aerobic purification technology, sewage, biological treatment,

bioreactor.

Ammonia, ammonium compounds, nitrites, and
especially nitrates, create adverse conditions for the vi-
tal activity of reservoir biocenoses. Groundwater con-
tains excessive concentrations of nitrates (100-500 mg
/dm3), and the constant use of such water has a negative
impact on human health. Compared to the last decade,
the content of nitrogen compounds in wastewater re-
ceiving treatment has increased by at least 5-7 times.
However, the vast majority of existing biological
wastewater treatment plants cannot provide the re-
quired quality of purified water for nitrogen com-
pounds today [2].

Modern foreign technologies for biological treat-
ment of wastewater from nitrogen compounds, such as
Ludzak-Ettinger, Bardenpho, Biodenitro, Carrousel,
JHB, UCT, MUCT, A2/O, are characterized by signif-
icant energy and material consumption, waste volumes,
so the development of new technology that will ensure
high efficiency of wastewater treatment from nitrogen
compounds in accordance with current standards with
minimal cost of both economic and material resources
[1, 3].

The purpose of the study was to screen and de-
velop wastewater treatment technology using immobi-
lized microorganisms with high efficiency of removal
of nitrogen compounds while maintaining operating
standards, with minimal energy consumption and low
waste.

To achieve this goal, it is necessary to solve the
following problems:

- to identify the features and systematize the exist-
ing methodological technologies of wastewater treat-
ment from nitrogen and nitrate compounds in direct-
flow bioreactors with immobilized microorganisms;

- to investigate the effect of hydraulic loading and
initial concentration of ammonia nitrogen on the rate of
oxidation of ammonia nitrogen, the load on the biore-
actor and its basic capacity on ammonia nitrogen;

- to study the effect of aeration system placement
in bioreactors with immobilized microorganisms on the
oxidizing power and efficiency of ammonia nitrogen
wastewater treatment;

- to study the composition of biocenosis immobi-
lized on the fibrous carrier of the biofilm by optical mi-
croscopy;

- to investigate in the production conditions of bi-
ological film hydrobionts during the periodic operation
of structures and changes in ambient air temperature;

- to develop a mathematical model of aerobic
wastewater from ammonium using immobilized micro-
organisms and hold it tested in the laboratory;

- to develop anaerobic-aerobic technology for pu-
rification of wastewater from nitrogen compounds us-
ing immobilized microorganisms.

The object of study is sewage containing nitrogen
compounds.

The subject of the study is the processes of anaer-
obic purification of wastewater from nitrogen com-
pounds using immobilized organisms.
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The experiments used photocolorimetry, potenti-
ometry, gravimetry, pH-metry, optical microscopy.
Process modeling and statistical results processing
were performed using personal computer software
(Mathcad, Exel).

As a result of research:

1. The regularities of the processes of sewage
treatment from nitrogen compounds in bioreactors us-
ing immobilized organisms with high oxidizing power
(80-110 g/(m?®-d)) were established and the technology
of sewage treatment with the efficiency of ammonia ni-
trogen removal was developed 98,2-99,4%.

2. First installed that the use of perpendicular
motion of air jets in the bioreactors relative to the di-
rection of movement of wastewater and lengthwise rel-
ative to the carrier of immobilized microorganisms al-
lows to increase the rate of oxidation of ammonium ni-
trogen at the initial aerobic stage by 40% compared
with the lengthwise placement.
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3. It has been established that the process of sew-
age treatment in bioreactors with immobilized organ-
isms can be carried out in the conditions of periodic op-
eration of treatment plants and at low temperatures of
ambient air (up to -32°C) with self-healing of biomass
of hydrobionts while providing the necessary techno-
logical modes of operation of facilities.

The anaerobic-aerobic technology of sewage
treatment from nitrogen compounds has been devel-
oped, which is realized stepwise in buildings immobi-
lized on the carrier organisms. The rational technologi-
cal modes of sewage treatment from nitrogen com-
pounds, technological parameters of bioreactors with
immobilized microorganisms for realization of technol-
ogy at sewage treatment plants are offered. The use of
bioreactors with the proposed perpendicular placement
of the aeration system with respect to the direction of
wastewater movement allows to increase the oxidation
capacity of the bioreactor.

Figure 1 Scheme of laboratory installation

1, 2 - anaerobic bioreactors; 3, 4, 5 - aerobic bio-
reactors; 6 - mineral carrier; 7 - circulation pump; 8 -
compressor; 9 - small bubble aerator spray; 10 - recir-
culation pipeline; 11 - air duct; 12 - waste water supply
pipeline; 13 - a pipeline for drainage of purified water;
14 - perforated tube; 15 - gas pipe to the gas tank; 16 -
the valve; 17 - valve for regulating air supply; 18 - con-
sumption tank; 19 - support frame; 20 - collection of
purified water.

The studies were performed on an artificially cre-
ated model solution that is imitating the wastewater of
a malt plant and an index of COD - 600-1500 mg
O2/dm?3, concentrations of organic nitrogen - 8-20
mg/dm?3, ammonium nitrogen - 6-14 mg/dm?®,

Known for immobilization of facets of biofilms is
a mineral carrier. This carrier consists of separate ele-
ments in the form of cloths made of synthetic textured
fibers and fixed.

Each panel is made of polyamide fibers, top and
bottom areas is woven in the form of loops, each panel
secured with wire installed in the loop. The cloth has a
length of 1-3m, a width of 2-5m, a loop diameter of
0,15 - 0,20m.

The use of polyamide fiber allows you to attach
more organisms to it by increasing the adhesive capac-
ity of polyamide fibers.

The effect of placement of the aeration system on
the oxidation capacity of the bioreactor, the rate of ox-
idation of ammonium nitrogen and the efficiency of pu-
rification from ammonium nitrogen were investigated
at the experimental plant Ne 2 (Figure 2), which con-
sisted of three aerobic sections. The flow diagram of
wastewater is direct-flow. The aerators are placed per-
pendicular to the movement of the wastewater and par-
allel to the media cassettes.
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Figure 2 Scheme of laboratory installation Ne 2

1- supply of waste water; 2- air duct with air flow
control valves from compressor; 3- perforated air duct;
4- cartridges with mineral carriers; 5- diversion of pu-
rified water into the drainage tank; 6- openings for wa-
ter flow through sections; I, I1, 111 - respectively 1, 2, 3
aerobic sections.

The next section presents the results of studies of
the processes of conversion of ammonia nitrogen, ni-
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trites, nitrates by anaerobic-aerobic technology and de-
termined rational technological parameters. It has been
found that when treating wastewater containing nitro-
gen compounds using anaerobic-aerobic technology af-
ter the anaerobic stage, the concentration of ammonium
nitrogen entering the aerobic bioreactors increases 2-3
times (Figure 3).

feul

Figure 3 Change of concentrations of nitrogen compounds in the process of sewage treatment under
hydraulic load 4.3 m3/(m3-day): 1 - NHs*; 2- NO7; 3 - NOs”

It is established that when using anaerobic-aerobic
technology the total effect of purification on ammo-
nium nitrogen is 96,3-98,5%, and the concentration of
nitrate and nitrite in treated water comply with dis-
charge into natural reservoirs of fishery purposes. Ac-
cording to the results of studies, the concentrations of
nitrogen compounds were: ammonium - 0,5-1,5
mg/dm?3, nitrites — 0,01-0,04 mg/dm? and nitrates - 8-12
mg/dm?3. As the hydraulic load decreases, the duration
of cleaning and therefore the volume of the structure
increases. The choice of a rational hydraulic load is

based on the combination of a minimum cleaning dura-
tion with the maximum ammonium nitrogen removal
effect. It is established that the efficiency of sewage
treatment by ammonium nitrogen reaches 98,2-98,5%
(Figure 4) and is provided by the following values of
technological parameters: hydraulic load - 5,5-5,8
m3/(m3-day)); total cleaning time - 20-22 h; duration at
each stage - 4-4,4 hours; load on ammonia nitrogen - 8-
20 mg/(g-day); ammonia nitrogen oxidation rate - 4-12
mg/(g-day); oxidation capacity up to 80 g/(m®-day).
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Figure 4
Dependence of removal efficiency of ammonia nitrogen E on hydraulic load q at concentrations of ammonia ni-
trogen at the beginning of aerobic stage CincomingNH4* start: 1 — 11 mg/dm?; 2 - 22 mg/dm?; 3 - 32 mg/dm?®.

The concentration of ammonium nitrogen in aero-
bic conditions depends on the duration of purification
in bioreactors. The major amount of ammonia nitrogen
is removed in the first stages of the aerobic process (3,4
bioreactors). The decrease in the value of the oxidizing
power in the fifth bioreactor, as well as the oxidation
rate, is explained by the low concentration of ammonia
nitrogen (5-10% of the maximum CNH.). Oxidizing
power at high load on ammonia nitrogen (24-26
mg/(g-day)) is 100-110 g/(m3-day), which exceeds the
values of oxidizing power on ammonia nitrogen in
aerotanks of 20-5 g/(m®-day).

During the period of biomass growth, which lasted
for about 30 days, studies of its species composition
were performed using a ULAB XSP137BP binocular
microscope. The technology is implemented sequen-
tially in bioreactors with different oxygen conditions:
anaerobic and aerobic, according to a direct flow
scheme of water movement. At each stage of sewage
treatment a specific biocenosis of microorganisms is
formed, which is able to perform its functions in these
conditions. Mineral carriers have been installed in all

sections of the multi-stage scheme to attach and retain
biocenosis. In anaerobic bioreactors there are carriers
in wastewater and in the gas phase, which allows to in-
crease the contact area of microorganisms with
wastewater when using the irrigation system. The use
of the anaerobic process in the first stages (1, 2 of the
bioreactor) makes it possible to remove the majority of
organic contaminants and reduce air flow compared to
the initial aerobic stage. The next stage was carried out
in bioreactors with aerobic conditions (3, 4, 5 bioreac-
tors). After the passage of wastewater through anaero-
bic bioreactors, the concentration of organic matter is
significantly reduced, which causes the flow of the first
stage of nitrification. It should be noted that the pres-
ence of organic matter in the environment slows down
the development of bacteria-nitrifiers, so nitrification
of ammonium nitrogen begins only after almost com-
plete oxidation of organic compounds.

The technological parameters of the aerobic fer-
mentation technology of sewage treatment of the malt
plant from nitrogen compounds using immobilized mi-
croorganisms are shown in table 1.

Table 1
The technological parameters of aerobic fermentation

Parameters Units Value
Load on ammonium nitrogen mg/(g-day) 8-20
The rate of oxidation of ammonium nitrogen mg/(g-day) 4-12
Oxidizing power by ammonium nitrogen g/(m3-day) 80-110
Efficiency of removal of ammonium nitrogen % 98,2-99,6
Hydraulic load m3/(m3-day) 5,5-5,8

Dissolved oxygen in reactions biochemical oxida-
tion of ammonium nitrogen is electron withdrawing
them when moving and producing energy spent on the
biosynthesis of cell material and support microorgan-
isms (the concentration of oxygen in aerobic bioreac-
tors 1,5-2 mg/dm?3). In the interior of the carrier where
there is no access of oxygen, but there is organic matter,
conditions are created for the flow of denitrification. At

low concentrations or the absence of organic matter un-
der anoxic conditions, the process of anaerobic oxida-
tion of ammonium nitrogen occurs under the conditions
of high concentrations of ammonium, nitrite and low
concentrations of organic carbon. As a result of the re-
search, the concentrations of ammonium nitrogen, ni-
trates and nitrites were determined depending on the in-
itial chemical composition and the flow of wastewater



The scientific heritage No 43 (2020)

41

entering the production plant. Ammonium nitrogen
comes in concentrations of 5-15 mg/dm?®, but after an-
aerobic processes in the first two bioreactors its con-
centration increases 2-4 times due to the destruction of
nitrogen-containing boundary compounds. At the inlet
of the aerobic bioreactor there is a decrease in the con-
centration of organic matter and an increase in the con-
centration of inorganic, including ammonium com-
pounds. In the aerobic bioreactors due to the active ni-
trification process is the oxidation of ammonium
nitrogen to nitrites and nitrates, in addition, at the depth
of the fibers is anaerobic oxidation of ammonium with
the formation of molecular nitrogen, at the outlet in pu-
rified water is observed to reduce the concentration.

The article decided to scientific and technical ob-
jectives - a study of patterns of processes wastewater
from nitrogen compounds using immobilized microor-
ganisms and development in this technology-based an-
aerobic-aerobic purification with high efficiency re-
moval of nitrogen while respecting existing regulations
with minimal power consumption and a small amount
in volume of waste.

As aresult of researches it is established that when
using the developed technology the efficiency of sew-
age treatment by ammonium nitrogen is 98,2-98,5%
and is provided by the following values of technologi-
cal parameters: hydraulic load of 5,5-5,8 m3/(m?*-day);
total cleaning time - 20-22 h; duration at each stage - 2-
4,4 h; load on ammonium nitrogen in aerobic bioreac-
tors - 8-20 mg/(g-day); the rate of oxidation by ammo-

nium nitrogen is 4-12 mg/(g-day), at initial concentra-
tions of ammonium nitrogen at aerobic stages 11-32
mg/dmd,

Itis established that the use in the bioreactors with
immobilized microorganisms perpendicular to the
movement of air jets relative to the direction of move-
ment of wastewater affects the efficiency of the purifi-
cation process. Provides an increase of the oxidation
power by 30-40% at the initial stage of the aerobic pro-
cess and the removal efficiency of ammonium nitrogen
98,4-99,6% at CincomingNH4 to 30 mg/dm?, hydraulic
load of 5,5-5,8 m%(m?-day) compared to the lengthwise
placement of the aerators under the same process con-
ditions, which allows to reduce the size of structures.
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AHoTanisn

VY cydacHEX YMOBax pO3BHUTKY iHPOPMAIiTHIX TEXHOJIOTiH Mepexi Internet Ta MONTyKOBUX MaIlliH BUHUKAE

nmotpeba y HOBHX MeToax 3abe3nedeHHs eeKTUBHOTO iH(popMartiiiiHoro momyky. BiqnosigHo, y po6oTi mpoaHa-
J130BaHO NPUHIMIHK (YHKIIOHYBaHHS CUCTEM iH(OPMAIIHHOTO MOIIYKY Ta, CITUPAIOYUCh HA BUMOTH ChOTOJICHHS,
BUOKPEMJICHO HaWBa)IMBIII TEHJICHIIIT PO3BUTKY. 3BayKato4uH Ha 11e, TPOaHaAII30BaHO Psil HAYKOBUX JIOCIIPKEHb
y cdepi iHpopmarifiHOro momryky. B xoai mocmipkeHHs nmpoaHaiizoBaHo omyosikoBani y 2019 porti dakTopu
pamxyBanHs1 Google, po3rIITHYTO NEPCIIEKTHBY BUKOPUCTaHHS MoJiesi BekTopHoro npoctopy (VSM); npoBeneHo
BJIOCKOHAJICHHS 3acTapiyioro Mmeroay SeoRank Ta 1oCiiKeHO MEPCIEKTUBHICTh BUKOPUCTAHHS METOUKH TIpEIie-
JICHTIB Y paMKaX BJJOCKOHAJICHHS IOITYKOBUX METOJIIB Ta, 30KpeMa, IpH 1moOy10Bi crcTeM iH(pOpMaIiifHOro no-
HIyKy. 30KpeMa, HaroJIOUIeHO 10 OpraHi3allis MOUIyKy Ha OCHOBI IPELEICHTIB H03BOJIsIe 00 €1HATH B cO01 pi3HI
TIXO/TU IO BUPIIICHHS 3aBJJaHHS IHTESICKTyali3allii Ta MepcoHai3aIlil MomIyKy.

Abstract

In the modern conditions of development of information technologies of the Internet and search engines there
is a need for new methods of providing effective information search. Accordingly, the paper analyzes the principles
of information search systems functioning and, based on the requirements of the present, highlights the most
important development trends. Against this background, a number of scientific works in the field of information
search was analyzed. The study analyzed the ranking factors of Google published in 2019, considered the prospect
of using a vector space model (VSM); improvements to the outdated SeoRank method are conducted, and the
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prospect of using precedent methodology as part of improving search methods and, in particular, in building
information retrieval systems is investigated. In particular, it is emphasized that the use of precedent-based search
organization combines different approaches to solving the problem of intellectualization and personalization of

search.

KuarouoBi cjioBa: nomrykoBa ontimizaltisi, HOIIYKOBA CUCTEMa, TIOIIYKOBa Buaaya, iHhOpMaIiifHUI NOMIyK.
Keywords: search engine optimization, search engine, search engine results, information search.

Introduction. In the conditions of scientific and
technological progress and the development of Internet
technologies, there is an enormous that increase in the
amount of available information that can be used in
solving important tasks in the course of research activ-
ities, in support of decision-making in the scientific,
technical, social and other spheres [1]. Effective analy-
sis of this information and its application in making
strategic decisions gives an advantage in the develop-
ment not only of the modern economy, but also of sci-
ence and technology.

The search engine develops in different directions:
new ranking factors appear or their priority changes, re-
quirements to the quality of sites and their referral links
increase (new anti-spam algorithms appear), the format
of the interaction of the search with the user, as well
there are new services that simplify the search for in-
formation. Since the requirements for the speed of
search, the relevance of information with each passing
day increase, then the requirements for methods and al-
gorithms for searching and submitting information in-
crease. The process of searching and displaying infor-
mation on the Internet has a number of features, the
main of which is a huge amount of web resources, the
need to take into account the semantic peculiarities of
information, the impact of a large number of factors in
the search, the need to take into account the features of
hypertext markup and metainformation [1].

The object of study is the process of organizing an
information search.

The subject of study is the modern methods of in-
formation search.

The purpose of the work is a significant improve-
ment in the results of information search.

Problem statement. The essence of information
retrieval in the general case is that the search engine se-
lects from the set of documents located in the database,
which satisfy the information need and correspond to
the information request (that is, they are relevant) [4]
according to certain criteries.

To date, there are many methods and algorithms
for information retrieval, but the continuous develop-
ment of this industry and the growth of volumes of data
require continuous improvement of existing methods
and the development of qualitatively new approaches.
So, accordingly, the problem of improving the methods
of information search is relevant.

Materials and methods. Many scientists worked
in the research on information search problems: Ash-
manov L.S. [1], Kolysnychenko D.M. [2], Krokhina
O.1. [3], Manning K.D. [4], Klimchuk S.O. [5], et al.
So, for example, in his book I.S. Ashmanov [1] sum-
marizes the experience of well-known specialists,
SEO-professionals; Particular attention deserves an
analysis of the principles of the work of search engines.

D.M. Kolisnychenko [2] describes in detail the al-
gorithms of work and methods of using the most popu-
lar search engines of the Internet today - Google, Yan-
dex and Rambler. In addition, the author examines how
to develop their own Google-based applications: Goog-
le's personalized search engines. Despite the fact that
the work of O.l. Krokhina [3] is focused on SEO-
copywriters, Internet marketers, search engine optimi-
zation specialists, webmasters and site owners, and dis-
cusses the general principles of search engine algo-
rithms. It is based on them that she explains how to
write a text for a site, which will be equally well re-
ceived by users and will provide high positions in the
issuance of search engines. Despite the fact that the
K.D. Manning's textbook [4] is conceived as an intro-
ductory course in information search and written in
terms of informatics; in it along with the classic search
are considered web search, the principles of the search
engines, as well as the classification and clustering of
texts. The book contains a modern account of all as-
pects of designing and implementing systems for col-
lecting, indexing and searching documents, methods
for evaluating such systems, as well as introducing
methods in machine learning.

In his work [5] S.O. Klimchuk explains the
important, from the researcher's point of view, the
principles of organizing a case-based system (Case-
Based Reasoning System). In particular, the advantages
of the precedent methodology in the creation of
intelligent decision support tools are analyzed. The
publication deserves attention, given the possibility of
applying the appropriate methodology to build an
information search system.

Obviously, the problem is widely discussed by the
scientific community. However, despite a significant
number of researchers' publications, the problem of im-
proving information search methods has not been com-
pletely solved and remains relevant.

In accordance with the general principles of organ-
ization of information search, at the heart of each search
method, its algorithms is a model of implementation,
which is used to refine the search strategy [2]. Thus, we
can say that formally for a search algorithm it is a math-
ematical representation capable of displaying any rele-
vant object in the information retrieval system in rela-
tion to any criteria for its use by the system in order to
perform a search task.

The problem is that the differences between the
existing search algorithms generated a significant vari-
ety of models [2]. If the model is fairly general, then the
corresponding search algorithm will be useful only for
a very superficial conceptualization of information
search. On the other hand, if the model is defined
deeply enough to cover all possible aspects of the sys-
tem, then there will be a problem in a complex descrip-
tion of the principles of organization, which will create
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difficulties for further improvement of the algorithm.
Thus, it is expedient to create an improved algorithm
for the implementation of an information search, the
model of which will be equally relevant to both the cri-
teria of generality and depth criteria.

Given the significant accumulation of information
volumes together with the progressive growth of its
number and the importance of discoveries in the field
of information search, the issue of development and im-
provement of search algorithms and methods remains
relevant.

Information search optimization appeared during
the progress of search engines [1]. At that time, search
engines attached great importance to the aspects that
site owners could easily manipulate: text on a page,
keywords in meta tags, and other internal factors. This
led to the fact that in the issuance of many search en-
gines, the first few pages occupied sites that were en-
tirely devoted to advertising [2].

The idea of automated processing of text infor-
mation with the help of electronic computers arose at
the beginning of the XX century. The development of
computer linguistics contributed to the integration of
mathematical methods (first of all, statistics and dis-
crete mathematics) and linguistics for solving applied
problems in the analysis of textual information [3].

So, with the advent of Google PageRank [11],
more attention has been given to external factors, which
has helped Google become a global leader in search,
making it more difficult to optimize with text only on
the site. For a long time, PageRank was one of the most
important Google ranking algorithms [1]. Subse-
quently, the modified algorithm was applied to a col-
lection of documents linked by hyperlinks (such as web
pages from the World Wide Web), and defined each of
them a numerical value that measured its “importance”
or “credibility” among other documents.

The more there were links to a page, the “more im-
portant” it was. In addition, the “weight” of page A was
determined by the weight of the link transmitted to page
B. Thus, PageRank was a method of calculating the
weight of a page by counting the importance of refer-
ences to it [3].

In the light of recent efforts by well-known search
engines to tackle purchased links, cheat code, and other
manipulative methods that would lead to artificially
raising the ranking of a web resource in the form of ex-
tradition, has significantly increased the role of so-
called “behavioral factors” as elements of the promo-
tion of the site in the TOP search engine.

Behavioral factors are indicators that characterize
the user's work with the search engine and its direct be-
havior on the site. Their main task is to improve the
quality of search engine placement [1].

Influence of behavioral factors on the ranking in
search engines is undeniable. The main behavioral fac-
tors include [12]:

1. Clicks in the issuance of the search engine. The
main value is given to the first and last clicks, because,
according to Yandex algorithms, it is usually consid-
ered the most appropriate in some cases.

2. Visiting the resource, which indicates its popu-
larity and demand in the network space.

3. Time of finding both on the site as a whole, and
in its separate sections in particular. This is the most
important criterion for assessing the quality of the re-
source, since a good portal always delays visitors for a
long time while bad users leave practically immedi-
ately.

4. Depth of view, which is calculated from the
number of pages viewed. This factor depends on the
previous one. The more time a user has spent on a site,
the more pages were viewed, the better the search en-
gine resources will be considered.

5. Return index - The number of users who form a
permanent target audience.

6. Bounce rate that covers users who did not start
browsing more than one page. This factor is considered
negative, indicating the low quality of the site and the
irrelevance of the subject. It is also important to note
that this criterion can not be considered the main one,
because visitors could leave the page not only because
it did not meet their expectations, but also because they
immediately found an answer to their question.

7. Links to the site. The number of referrals to a
web site is not only from search engines and from other
sources (like social networks, etc.).

Usually site owners conduct an analysis of behav-
ioral factors using web analytics systems that connect
directly to the site. Among the most popular among
them are Yandex.Metrics and Google Analytics [4].
This fact must be taken into account when choosing the
principles behind which the search algorithm will work.
However, when using the web resource owner of sev-
eral counters simultaneously (for example, Google An-
alytics and Yandex Metrics), there is a noticeable dif-
ference in the calculation of statistics.

Significant reasons for such differences are that
the systems of analytics operate with different data and
count the same indicators in different ways. Yan-
dex.Metrics and Google Analytics may display differ-
ent data for a variety of reasons [1]:

1. Counters are installed in different places of the
HTML code. For example, if the analyzer counter is set
to the <head> tag and the metrics before the closing tag
</ body>, then most users who did not wait for the page
to load will not appear in statistics.

2. Wrong time zone setting. In Yandex.Metrics
and Google Analytics, it is possible to set the time zone
in the meter settings to calculate the statistics. If differ-
ent time zones are specified, the statistics will be differ-
ent.

3. Filter settings. Different instructions when set-
ting up filters make the difference between the dis-
played data.

In addition, differences are also in the understand-
ing of terminology [4]. The average user is used to
count visits as equivalent visits, but this is not correct.
Yandex visits are the number of sessions of user inter-
action with the site, during which one or more pages are
viewed. The visit ends 30 minutes after the user has no
activity. The Google Visits session includes all usage
data (views, transactions, etc.).

The same situation with the indicator of failures.
In Google, this is the percentage of visits in which no
more than one page was opened. In Yandex, this is the
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fate of visits, within which there was only one
pageview.

However, when determining the relevance of
search engines, first of all pay attention to how many
times a page encounters a phrase, the same query user.
This parameter is called the keyword frequency. The
higher it is, the more relevant the site is. Until recently,
optimizers specifically increased the frequency of key
words up to the total unreadable text. Currently, search
engines are actively struggling with similar methods
and reduce the ranking when they are detected.

To determine the frequency of keywords used spe-
cial mathematical algorithms, which calculate the num-
ber of requests for queries on the volume of the result-
ing text. At the same time, the optimal ratio is 3-5%.
Since search engines' systems are not able to evaluate
texts in terms of readability, this circumstance allows
optimizers to increase the frequency of keywords to a
certain limit, which, on the one hand, violates the rules
of using search engines, and on the other hand, does not
exceed the criteria established by them.

Nowadays, a rather important problem in the field
of information search is the problem of designing
intelligent systems oriented on open and dynamic
databases [4]. Such systems are based on the
integration of adaptable, modifying and learning
models of search, discovery and operation of
knowledge, focused on the specificity of the desired
(subject) area and the corresponding type of
uncertainty, reflecting their ability to develop and
change their state. Using precedent-based search, you
can combine different approaches to solving the
problem of personalizing and personalizing your
search.

In most encyclopedic sources, the term
«precedenty» is defined as a case that has occurred
before and served as an example or justification for
subsequent cases of this kind [5]. Case-Based
Reasoning is a technique capable of solving a new or
unknown problem, using or adapting a solution to a
known problem, that is, using the experience gained
from solving such problems. A precedent-based
approach has emerged in the development of research
into the creation of expert systems (knowledge-based
systems).

Typically, the precedent-based inference process
is subject to decomposition into four main stages,
which form the so-called precedent-based reasoning
cycle [5]. The main stages of such a cycle are:

1) ejecting of the most relevant (similar) precedent
(or precedents) to the situation that has arisen from the
library of precedents;

2) reusing the ejected precedent to attempt to
resolve the current problem;

3) revision and adaptation in case of need of the
received solution according to the problem;

4) preserving new decision-making as part of a
new precedent.

The advantages of case-based considerations
include the following aspects [5]:

1) the ability to directly use the experience gained
by the system without intensive involvement of an
expert in a particular subject area;

2) the possibility of reducing the time to find a
solution to a task by using an existing solution for such
a task;

3) the possibility to exclude the repeated receipt of
the wrong decision;

4) there is no need for a complete and in-depth
examination of knowledge regarding a specific subject
area.

The disadvantages of considerations based on
precedents include the following [5]:

1) when describing precedents are usually limited
to superficial knowledge of the subject area;

2) a large number of precedents can lead to a
decrease in system performance;

3) it is problematic to define criteria for indexing
and comparing precedents;

4) problems with debugging algorithms for
determining similar (similar) precedents;

5) the inability to obtain solutions to problems for
which there are no precedents or the degree of their
similarity (similarity) is less than a given threshold
value.

The main purpose of using the precedent apparatus
in the information search system will be to issue a
response to a user query based on precedents that have
occurred in the past when performing such queries. The
information about the new query will be used to remove
the most appropriate precedent (precedents) from the
case library. The extracted precedent is reused to solve
a new problem (problem) [5]. The proposed solution
can then be adapted to the new situation and
implemented in practice. If successful, the proven
solution, together with the request description, creates
anew precedent that is stored in the precedent database.

Experiments. In the framework of the research
the theoretical work was carried out: modern methods
of information search were analyzed, and, based on the
requirements of the present, the most important aspects
were outlined. From the practical point of view, for the
experimental research, information retrieval system
(Google) were used which, according to the keywords,
publish the web pages of the found documents. Google
was chosen as a researched search engine for two rea-
sons: 1) popularity and leadership among search en-
gines in the world, and in Ukraine, particularry; 2) dif-
ficulties with access to a competitor (for comparison) —
a search engine Yandex in our country. The search set-
tings provided the optimal showing option — 10 elec-
tronic documents per page. Based on generally
acknowledged facts (preferences of users, behavioral
factors, effect of long search, etc.) and from our own
experience, it is known that the required information
about a search query must be on the first 3 pages.
Therefore, for calculations, the limit of 3 full pages was
chosen, that is, the volume of research of Search Engine
Results was 30 electronic documents.

To carry out experiments on these pages, the com-
puterized computer-aided computing system (Mathcad)
and the visual and mathematical functionality of the
Mitsrosoft Office Excel were used to implement the
proposed method for assessing the relevancy of the
document to the request (developed by author modified
SeoRank).
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Results and discussion. To solve more complex
tasks of information search (computer translation, au-
tomatic referencing and other tasks of analytical pro-
cessing of textual information) it is necessary to use
methods of linguistic analysis of texts that enable to not
only find the concepts, the key vocabulary, but also al-
low to define different connections. between them.

Taking into account the aforementioned perspec-
tive, in terms of generality and depth, working with the
text will be the use of the vector space vector (VSM)
[4]. The corresponding model describes an information
search algorithm based on a modified frequency crite-
rion, which, in addition to the use of the relevance of
the word, will also take into account its semantic
weight, thus improving the quality of the search query.
This will allow you to receive relevant data, even if
most of the query words are not contained in the context
(document), despite the semantic similarity between
context and query. Vector Space Model (VSM) is a
mathematical model [4] representing texts, in which
each document is mapped to a vector that expresses its
content. This representation makes it easy to compare
words, look for similar ones, classify, clusterize, etc.

In general, there are two basic approaches to se-
mantic search, and indeed to a comparison of docu-
ments in content. The first approach is based on manu-
ally assigning objects to some attributes and processing
exactly these attributes, and corresponding objects [2].
The second approach, which actually represents value,
is based on the opposite idea: instead of complex logi-
cal rules, a simple mathematical model is used - a sta-
tistical analysis of already existing texts. The beginning
of this approach takes on the work on the method of
LSA (Latent Semantic Analysis, implicit semantic
analysis) [3]. Later, the method has undergone many
modifications and has become quite popular. Today,
Google and a lot of other major search engines use one
of the parameters of this method (index tf * idf) when
ranking results [7].

The principle of the search algorithm according to
this method is quite simple: the more often two words
occur in the same contexts (documents), the closer they
are to the content.

For LSA, the frequency of finding a particular
document is calculated simply as an index tf * idf,
which is decrypted as “term frequency * inverse docu-
ment frequency” [4]. Term frequency - calculated as the
number of occurrences of a particular term in a partic-
ular document, divided by the total number of words in
this document.

Document frequency is the number of documents
in which this term is found, divided by the total number
of documents. Inverse document frequency, respec-
tively, is the value of the reverse document frequency,
i.e. idf =1/ df. Usually, to mitigate the effect of idf's
action on the overall result, instead of the most im-
portant, its logarithm is taken.

Accordingly, in the general case, the frequency of
occurrence of the term, which is the reciprocal of the
document (tf * idf model), is used to calculate the
weight d for the term i in the document (1):

di =tfi *idfi ’ (1)

where tf; is the frequency of occurrence of the term
i in the document, and idf; is the inverse frequency of
the occurrence of the term i in the whole context.

All documents are ranked according to their simi-
larity to the entered request. The absence of common
terms in two documents does not necessarily mean that
the documents are not semantically similar. Similarly,
documents that are relevant to a queried request may
not contain such terms.

As you know, within the framework of infor-
mation retrieval, document content (such as web pages)
is an important characteristic for analyzing and con-
structing optimal search results for document search re-
sults [2], since they should not contain instances whose
content is duplicated on other pages; the amount of in-
formation noise should be minimal, and the main con-
tent - relevant to the subject of search. Consequently,
the evaluation of web pages for the purpose of duplica-
tion of information and its novelty is considered as a
necessary stage in the construction of optimal infor-
mation search algorithms.

To solve this task, which is to find duplicates, the
best method is the method of exclusiveness — “single
method” [1], the main idea of which is to split compa-
rable texts into selected from the text of the sequence
of words (singles), for each of which a checksum is cal-
culated.

The proximity measure of two text documents sim
(D, Dj) was determined on the basis of probability ap-
paratus (2), namely, the product of the probability that
the random word w is included in the document D; pro-
vided that it is included in the document D; multiplied
by the probability the entry of this word into the D; doc-
ument.

sim(D;.D;) = P(we D, | we D)P(we D) 2

In this case, the novelty parameter of the new doc-
ument Dj (3):

_ Rank;*sim(D;, PlusDisc) - 3

Newi

log(i+1) g sim(Di,DJ—)
J:

where N - total number of web documents; D; — j-
th current document; D; — the first document; PlusDic —
dictionary; sim (D;, D;) — measure of proximity of doc-
uments i and j; sim (D;, PlusDic) — of i-th document and
dictionary; Rank; is ranked i-th document.

From the point of view of increasing the reliability
of evaluating the relevancy of a document to a request,
the author developed the modification (for the first
time, as a result of a wide range of research) of an out-
dated SeoRank method and justified the expediency of
using that advanced SeoRank [2] method to determine
the relevancy of the document's information blocks
(web pages) with respect to its main content, which is
presented on the web page as meta tag information.
That is, a detailed assessment of the components of the
document will take place. Unlike the previous methods
of assessing relevancy (e.g., PageRank), author in the
calculation of modified form of SeoRank does not con-
sider the relevancy of information blocks relative to
specific search queries and does not take into account
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external parameters such as resource interactions, phys-
ical availability of resources, compliance with stand-
ards, etc., and gives the ability to evaluate information
blocks within a specific document (web page) [2].
Formally modified SeoRank is calculated as (4):

4
SeoRank = Y a;r;’ )
i=1
where r; — parameter value; a; — weight of the pa-
rameter; at which the total weight (5):

4
Yaj=1 ®)
i=1

Results of calculations on the Table 1 clearly
shows us that the use of the firt proposed by author
method of assessing the relevancy of the document to
the request allows in practice determine how accurate
are the search engine issuance.

Table 1
The experimental results of assessing the relevancy of the document to the request (by modified SeoRank)
The value of the modified SeoRank (rounded up to one hundredth)
Document Search request
«Kpemenuyupka 'ECy» «Jxopmx Bynp» «IHpopMaLiHHIH TOITYK»
1 0,92 0,93 0,95
2 0,91 0,94 0,91
3 0,86 0,91 0,78
4 0,85 0,88 0,81
5 0,75 0,91 0,88
6 0,58 0,86 0,84
7 0,66 0,79 0,78
8 0,54 0,81 0,93
9 0,71 0,51 0,91
10 0,52 0,78 0,82
11 0,88 0,79 0,32
12 0,76 0,77 0,47
13 0,83 0,62 0,38
14 0,66 0,63 0,48
15 0,57 0,57 0,52
16 0,81 0,83 0,74
17 0,51 0,81 0,62
18 0,49 0,66 0,53
19 0,77 0,89 0,81
20 0,55 0,82 0,84
21 0,52 0,84 0,54
22 0,44 0,46 0,33
23 0,54 0,48 0,63
24 0,44 0,55 0,38
25 0,41 0,67 0,41
26 0,37 0,71 0,44
27 0,92 0,81 0,51
28 0,41 0,33 0,47
29 0,37 0,45 0,32
30 0,22 0,74 0,31
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Fig. 1. Graphs of the results of the calculation the modified SeoRank of the first 30 documents generated by
the search engine Google for three search issues

As we see from Table 1, due to the use of the de-
veloped modified SeoRank method, it is possible not
only to make a detailed assessment of the components
of the document for the relevance of the search issue,
but also to establish how does exact from the given
point of view is the issuance of the search engine. Ob-
viously, the resulting figures allow us to conclude that
the analogue (that used by the search engine) to solve
similar problems is insufficient accurate.

Given that the Google search engine (which, as
mentioned in the article, gives priority to the relevancy
factor) formulates its search issuance based on the prin-
ciple of “decay (reduction)” (from the most relevant
search query of the document to the least relevant), and
given that for the solution to this task is the use of a
wide range of analogues to the proposed in the article
method (outdated PageRank; MozRank; Keyword
Ranking; the usual SeoRank); the advantage of the de-
veloped modified SeoRank to its counterparts is evi-
dent. This is evident from the graphs shown in Figure
1, which shows significant differences between the
“falling” search issuance of Google and the actual rele-
vance of documents in the issuance of a search query.
As we can see, in contrast to the existing methods of
assessing relevance (for example, PageRank), an mod-
ified form of SeoRank provides an opportunity to as-
sess the relevance of information blocks within a spe-
cific document (web page), which can significantly im-
prove the results of search execution and verify
compliance with the requirements of the search query,
which actually shows us on a Figure 1.

Accordingly, within the framework of the study
and, in particular, to improve the outdated method
SeoRank, was found (in the first time) and it was pro-
posed that the following parameters should be used to
calculate the modified SeoRank [1]:

1) relevance of the title of the web page (“title”) to
the text block of information block rl — the ratio of the

number of occurrences of words from the title to the
block text to the total number of words of the block;

2) the relevancy of the keywords of the web page
(“meta keywords™) to the text block of information r2
— the ratio of the number of keyword hits to the block
text to the total number of words in the block;

3) the relevance of the words from the description
of a web page or a document (“meta description”) to
the text of the information block r3 — the ratio of the
number of occurrences of words from the description
of the web page to the block text to the total number of
words of the block;

4) the relevancy of the headers of the web page or
the document (“headers”) to the text block of infor-
mation r4 — the ratio of the number of occurrences of
words from the headings (“H1” — “H6”) of the web
page to the total number of words from the headings of
the block.

Conclusions. As a result of the analysis of Google
ranking factors published in 2019, we can come to the
following conclusions regarding the principles of oper-
ation of modern search engines:

1. Increased attention to relevant, high-quality
content (“Relevant, holistic content is more important
than ever”) and influence of behavioral factors;

2. The effect of keywords is diminished. (“Key-
words are becoming increasingly obsolete™);

3. Mobile Friendly: creating a working mobile
version of the site - an obligatory step in promoting the
resource. Already from 2015, Google has begun rank-
ing higher sites adapted for mobile devices.

4. The role of social networks is growing — if there
is a transition from social networks, then the site will
have a higher rating in search (“Social signals —a bonus
for positive rankings”).

Based on the review of the current state of research
in the field of optimization of methods and algorithms
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of information search, the following problems are iden-
tified: a large number of duplicate content; no break-
down of web search results by topics; a significant
amount of information spam when viewing documents,
which greatly affects the time of searching and viewing
documents. Accordingly, the requirements for the
speed of search, the relevance of information with each
passing day is increasing; At the same time, require-
ments for methods and algorithms for searching and
submitting information are increasing [1]. The contin-
uous development of information retrieval and the
growth of data volumes require continuous improve-
ment of existing methods and the development of qual-
itatively new approaches. These and other factors point
to the fact that the problem of developing and improv-
ing effective information search techniques in web sys-
tems is relevant.

In accordance with the set requirements, perspec-
tive in terms of generality and depth in the context of
linguistic analysis of texts will be the use of the vector
space model (VSM) [4]. The essence of the model lies
in the mathematical representation of texts, in which
each document is compared to a vector that expresses
its content. At the same time, the necessary stage in the
construction of optimal information search algorithms
is the evaluation of web pages for the duplication of in-
formation and its novelty. To find duplicates, the best
method is the method of exclusiveness (singles) - single
method [1], the main idea of which is to split compara-
ble texts into selected from the text of the sequence of
words (singles). From the point of view of increasing
the reliability of evaluating the relevancy of a document
to a request, it will be advisable to use the improved
SeoRank [2] method to determine the relevance of in-
formation blocks of a web page about the main content
that is presented on a web page as meta tag information.

In addition, by the course of the research, the pro-
spect of using the precedent methodology within the
framework of the improvement of search methods and,
in particular, in the construction of a distributed infor-
mation retrieval system oriented structure was estab-
lished. It is emphasized that the use of precedent-based
search organization allows to combine different ap-
proaches to solve the problem of intellectualization and
personalization of search and to reduce the load on the
search engine index, as well as to simplify the solution
of a number of other problems.

The findings and suggestions of this study can be
used in research and teaching. The results of this study
can be used to further analyze and refine information

search methods in general and in the educational field,
in particular.
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AHoTaNis

i)

VY craTTi 00TpyHTOBaHO HEOOXIIHICTh BpaXyBaHHsI IHHOBAIIHHUX TEXHOJIOTIH ITiJ] Yac MPOEKTyBaHHS MOBIT-

PSIHMX JTiHIH enekTporepeaadi. BimMiHHOIO 0COOMMBICTIO 3aITPOIIOHOBAHOTO MiIXO/IY € JOLIIBHICT BpaXOBYBaTH
i 9ac MPOCKTYBaHHS HAasBHICTH 3aCO0IB KOHTPOIIO MOTOYHHUX TEXHOJOTIYHUX MapaMeTpiB 00’ €KTY IS Kepy-
BaHHS B Iepiof eKcIuTyaralii pe)knMaMu poOOTH ENEeKTPUYHIX MEPEX B pealbHOMY 4aci 3 METOI0 ONTHMi3amii
MIEPETOKIB aKTUBHOI MOTYXHOCTI 1 3MEHIIIEHHS TEXHOJIOTIYHUX BTpar. biou. 8, tadm. 4, puc. 1.

Abstract.

The article substantiates the need to take into account innovative technologies in the design of transmission
lines. A distinctive feature of the proposed approach is the feasibility of taking into account when designing the
means of control of the current technological parameters of the object to control during the operation of the modes
of operation of electrical networks in real time in order to optimize the flows of active power and reduce techno-

logical losses. Bible. 8, Table. 4, fig.1.

Ki1o40Bi ciioBa: akTHBHA MOTYXHICTh, TEXHOJIOTIYHI BTPaTH, €IEKTpONepeaaya, iIHHOBaIIHHI TeXHOJIOTIi,

MOBITpSIHA JIiHIs, TPOSKTYBAaHHSL.

Keywords: active power, technological losses, power transmission, innovative technologies, overhead line,

design.

Beryn. O6'etHana eneKTpoeHepreTHYHa CHCTEMa
(OEC) Ykpainm, sika 34iiCHIOE IEHTPATi30BaHE EIeKT-
po3abe3rnedeHHs] BHYTPIIIHIX CIOXXHBAYiB, a TaKOX
B3a€EMOJII€ 3 EHEPrOCUCTEMaMH CYCiIHIX JepikaB i 3a-
Oe3rneuye eKCIopT Ta IMIOPT eJIEKTPUYHOI eHeprii, (y-
HKI[IOHY€ 32 3akoHOM Ykpainu «IIpo puHOK enekTpu-
YHOI eHeprii» [7].

JlaHi yMOBH CHIpHSIIOTH CTBOPEHHIO HOBHX 3ac00iB
KOHTPOJIIOBaHHS IOTOYHHUX TEXHOJIOTIYHUX IapameT-
PiB €JIEKTPOCHEPTeTHYHNX 00’ €KTIB, AKi JIOLLIEHO Bpa-
XOBYBATH IIiJl Yac MPOCKTYBAHHS €IEKTPUIHUX MEPEK
(EM). ITincymMKoM IIbOTO HANPSIMKY SBJISIETHCS BITPOBA-
JOKEHHS iHHOBALIHHIX TEXHOJOTIN. 3TiTHO eHepreTHy-
HOI cTparerii nepxaB €Bpocoro3y Ta CIIIA naHi TexHO-
JIorii BXomarh mo koHmemnmii Smart Grid. BigmosimgHo
10 Hel eNeKTpUYHI MEpei OCHAIEH! iHHOBAlIHHIMH
TEXHOJIOTISIMHU — 1€ MEPEXi, AKi 3aI0BOJILHSIOTH BUMO-
raM eHeproe(eKTUBHOTO Ta EKOHOMIYHOro (hyHKIIiO-

HYBaHHS CHEProCHCTEMH 3a PAaXyHOK CKOOPJIMHOBa-
HOTO KepyBaHHS 3a JOIIOMOTOI0 CYYaCHUX JIBOCTOPOH-
HIX KOMYHIKaIliif MK €JIeMEHTaMH EJCeKTPUIHUX Me-
pexX, CNEeKTPUYHHMH CTAaHIISAMH, IKSPEIaMH HKUB-
JIeHHS! 1 crioxuBayamu [3, 5].

BignosigHo qanoi cTparterii B YKpaiHi TaKOXK Mpo-
BOJISITBCS 3aX0/TH, II0/10 OCHAIIICHHS EIEKTPOCHEPTeTH-
YHUX 00 €KTIB, B TOMY 4nCIIi 1 nOBiTpsiHuX JiHid (I1JT),
3ac00aMu KOHTPOJIIO MOTOYHHX MapaMeTpiB ISl Kepy-
BaHHS TiJl Yac eKCIUTyartalii peXXuMaMH CTPYMOBOTO
HaBaHTaKEHHS B MEPEXKi 3TiJJHO 3 PEIbHUMH TaHUMHU
PO TEPMIYHY Ta MEXaHIuHY CTIHKICTb MPOBOIB; KOH-
TPOJIFOBAaHHS PiBHS TEXHOJIOTTYHUX BTPAT; BpaxyBaHHS
3MIiHH €JIEKTPHYHUX HaBaHTA)XECHb; KOPHUTYBaHHS pe-
JKUMIB poOOTH JIiHIH 1 periaMeHTy iX TeXHIYHOTO 00-
CIIyTOBYBaHHS (PEMOHTY Ta PEKOHCTPYKIIii).

TakuM YMHOM, BpaxyBaHHS IiJ Yac INPOEKTY-
BaHHs IHHOBAILIIMHUX TEXHOJIOTIH, a camMe OCHAIEHHS
ITJ] iHHOBawiiiHUMK 3aco0amMy KOHTPOJIO TOTOYHHX



50

The scientific heritage No 43 (2020)

TEXHOJIOTIYHHMX TIapaMeTpiB, JO3BOJIUTH B MEPiOJ] €KC-
TUTyaTarlii MOKPAIIuTH KePyBaHHA PEXUMaMH poOOTH
EM 3a paxyHok no1atkoBo1 iHdopMariii 3 miHii [3].

Meta po6oTu. [IpoBectu nociimxeHHs Ta 00rpy-
HTYBaTH JOLJIBHICTh BpaxyBaHHS IiJ 4ac MPOEKTY-
BaHHS OCHAIICHHS MOBITPSHUX JIiHINA 3aC00aMU KOHT-
POJIIO TIOTOYHHX TEXHOJIOTIYHUX apaMeTpiB IS Kepy-
BaHHS B IIepioJ] eKCIUTyaTalil peXxuMamMu poOOTH
SJIEKTPUYHHIX MEPEX B peaTbHOMY Yaci 3 METOIO 30171b-
[IEHHS aKTUBHOI OTY>KHOCTI 1 3MEHIIIEHHS TEXHOJIOT1-
YHHX BTpAT.

OcHOBHI MaTepiaJn 10CiTKeHb.

OcnoBHwuit mokasuuk I1J1 B peanpHOMY Haci — mo-
MYCTHMUI CTPYM, 3a SKOTO JIiHisl pyHKIIOHY€E Oe3 mo-
pYyLIEHb MpaBHJI TEXHIKK Oe3MeKH, IITICHOCTI MaTepia-
niB i HagidHocti EC [5]. Komu ctpym B I 36inbiny-
€TBCS, TIPOBIJ HArpiBa€TbCs 1, BIIIOBIAHO, CTPITH
MPOBHUCAHHSI MOXXYTh BHXOAMTH 32 JOIYyCTUMI MEXI,
1110 ITPUBOJIUTS JI0 3MiH B TrabapuTax JIiHIH.

Tpaaumifino mix 9ac nmpoekTyBaHHA 00'ekTiB EM
(hikcoBaHi 3HaYCHHS TEIUIOBUX Moka3HUKIB [1JI ycra-
HOBJIIOIOTH 3a JIOBITKOBUMHU daHuMH [8]. Taki mokas-
HHKHY 3aCHOBAaHO Ha MIEBHUX YSBICHHSX MPO MBUAKICTh
BITpY, TeMIepaTypy HaBKOJHIIHROTO CEepelIOBHINA i
COHAYHOMY BHITPOMiHIOBaHHI. B peampHOMy waci me-
TEOPOJIOTIUHI yMOBH 3MiHIOIOThCS. OcoOIMBO HEOE3-
MIEYHHUM SIBJISIIOTHCSI O)KENel BiAKIaJeHHS Ha MPOBO-
JlaX, SIKi MOKYTh TIPUBECTH HE TITBKH IO TOJOBKCHHS
poBojy, a i 10 Horo oopuBy. Tomy 3amicTh ikcoBa-
HUX 3Ha4eHb [TOKa3HUKIB HEOOXIJHO OTPUMYBATH 1 KO-
pUryBaTH JAaHi IpO TEPMIYHY Ta MEXaHIYHY CTIHKICTBh
MIPOBO/IIB JIiHIH B pealbHOMY Yaci B 3aJIeKHOCTI BiJ| Ia-
paMeTpiB HaBKOJMIIHBOTO CEpEIOBHINA, IO J03BO-
JUTH CKOperyBaTH pexxuM pobotn EM i ontumizyBatu
BUKOPHCTAHHS peanbHOi mpomyckHoi 3maTaocTi [1J1.

Bimomo, mo nporryckna 3xatHicts [1J] Bu3Haua-
€THCSl BEJIMYMHOIO TIEPEaHOT MOTYKHOCTI 1 3aJI€KHUTh
BiJl piBHS TEXHOJIOTIUHUX BTpaT. [loTyKHICTH BU3HAYA-
€TbCsl yMOBaMu poboTH JiiHii B EM 1 mapamerpamu ca-
mux ITJIL.

OnHUM 3 OCHOBHUX INapaMeTpiB JIiHiH, 110 BILIK-
Ba€ Ha Tepe/iany MOTY)XHICTb, € aKTUBHUIL OITip IPOBO-
JIiB, SIKMH 3aJIeKUTh BiJl TEMIIEpaTypH MIPOBOJIIB 1 CTPy-
MOBOT'0 HaBaHT)XEHHA. TOMY, TOLIBHO MiJ] 9ac mpoe-
KTYBaHHA B pO3paxyHKax pEeXHUMIB poOOTH IiHIH
BUKOPHCTOBYBATH aKTHBHUH OIIip JIiHIH SK 3MiHHIN Ia-
pameTp.

Bpaxosyroun Te, mo [1J] BHKOHYIOTE OCHOBHI elre-
krpuuHi 38°s13ku B OEC, To posrisiiaTi iX mpomyckHy
3JIATHICTh JIOIJIbHILIIE BPAaxOBYIOYHM MapamMeTpu po-
60TH Mepex.

Jis po3paxyHKy mapaMeTpiB pexxumy podotu EM
3 BpaxyBaHHIM TeMIIepaTypH IMPOBOJIiB B pOOOTI BUKO-
pucroByeThest MeTo] HpioToHa 1 MaTeMaTHiHa MOJETb
Ha OCHOBI METO/y BY3JIOBHUX Hampyr [2, 5]:

S=430,-J; (1)

F(U)=Y U -V3i+Y,-U, =0, @

fe S — BEKTOp MOTY)KHOCTEH JUKEpEI, IPHeIHA-

HUX 10 By31iB EM; U »— JllaroHajabHa MAaTPHILA HAIIPYT

A

B By3J1ax; J — BEKTOP 3a/1al04uX CTPYMiB; Y — MaTpuus

BY3JIOBHX IPOBiHOCTEH Mepexi O0e3 6a3ucHOro By3ia;

Y4 — BEKTOp B3a€EMHMX IIPOBIJHOCTEH 0a3MCHOro By-

3JIa, KOXKCH CJIICMCHT SKOI'O ,Z[OpiBH}OG
n+1

Yo = _ZYLJ ’
=
J#i
me U — BEKTOD HAIpPYT y By3jax; U a’ — Hampyra

B 0a3ucHOMY BY31Ii; N — KUTBKICTh By3JiB EM 6e3 6a3u-
CHOTO.

3 piBnsHHA (2) chigye, mo Matpuid Y Mae Bax-
JIMBY POJIb B MPOIIECi pO3paxyHKy PeRKUMY pOOOTH Me-
pexi. ToMy, 1110 BoHa BU3HAYA€THCS TapaMeTpaMu Ia-
CHUBHHUX €JIEMEHTIB MEpEXi, SIKi 3aJIe)KaTh Bijl TeMIepa-
TYpH TpPOBOLY Ta HABAaHTAXEHHSI 1 € CKIaJ0BOIO
YaCTHHOIO MaTpHIli 9yTauBOCTi k001 B meToi Heto-
TOHa. B HayKoBHX mpalix BYEHHX I mpobiiema He
Maja IIUPOKOTO BimOOpa’keHHs, Xoda TeMIIeparypa
NPOBOJY y HESIBHOMY BHUIJIAJI € ITapaMeTpOM MaTeMa-
TUYHOI MOJIETI CTaJIOTO PEeKUMY 1, BiAIOBITHO, BILIH-
Ba€ Ha MPOLIECH NPH OTPUMAHHI pillIeHHs 3aja4l aHa-
T3y pexumy poOoTH mepexi [2, 4, 5].

B po6oTi pONOHYETHCS OLIHIOBAHHS BILTUBY 3a-
3HaueHuX (PakTopiB, TOOTO TeMmepaTypu HPOBOJIB i
HaBaHT@KEHHS Yy BY3J1aX Ha XapakTep HMPOXOKEHHS
iTepaliiHUX MPOLECIB PO3PaXyHKY PEeKHMY pPOOOTH

Mepexi. | Tak, K BeKTOp - QyHKIIiA \/éJ =U g 15

HEaHATITHYHA, TO HEMO)XHA BH3HAYUTH MATPHUIIO
SIk00i MaTeMaTHYHOT MOJIEI B KOMIJICKCHUX KOODPIH-
HaTax. [y 1poro il mepeTBOPEHO B AIMCHY IUIOIIUHY 3

ypaxyBaHHIM TOTO, III0 Y =G- jB .

Mopensb (2) micist nepeTBOpeHb Ma€e BUTIISIL

B G| u"
FU'U")= Al
G -B||u’
B O SR 3
3-8, U,
J'+j3"=U,'S;
U'+ju"=u,

ne Gy, By — ckmamosi BekTopy Ya’ .

PekypentHi Bupasu meroay HeroToHa mepmoro
TOPSIIKY OTPUMAaHO BHKOPHCTOBYIOUHM PO3KIaJCHHS
Bupasy (3) B pan Teitnmopa 3i 30epekeHHAM ITiHIIHOT
YaCTHHH

WU @) Au® =—FU ). ()

BinmosinHo 1o Bupa3sy (4) MaTeMaTHyHa MOAEIH
aHaii3y cranux pexumiB EM B MeTozi By3JIOBUX Ha-
npyr Ha k— i itepartii Mmetory HproTOHA Ma€e BUTIIS:

n (k)

aF (U r(k) U ”(k)). AU
ou ' AU

= ’(U (ORTLC! )
F”(U (CNTEC

®)
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ne 2—5 (u '("),u"<k))

stroti; AU’ AU
BHOI CKIIaIOBUX
F"(u ®) n(k))
CKJIaJIOBHX CTPYMIB.

Martpuns SAxo0i popmyeThes 3 ypaxyBaHHIM (o-

PMH 3aIUCy BUX1AHOT Moiei (5) y BIAMOBIAHOCTI 3 BH-
pazom:

MaTpuls YyTIMBOCTI

— BEKTOp 3MiH JiiicHOI Ta ysi-
F'(U () ,,(k)),

HarpyT;

— HebayaHcH NIHCHUX Ta YSBHHX

oF' oF'
oF _lau” aU’ ©)
ou |oF" OF"
ou"” ouU’
1 11 €JICMEHTH BU3HAYAIOTHCS 33 BUPA3aMHU:
ok, =B, +AB, -D,;
aU n
aFi! =G; +AG; + A;
ou!
gllJ:i" =By —ABy;
oF =G, +AG;;
U
oF"
=G, +AG; —
aU N A|
R, =-B, -AB,;, - D,;
ouU/
665” =G +AG;
oF =B, + ABy;
ou’
Pi(Ui!Z Ul!2)+2 Q U Uﬂ
4 = U
Qi (Ui,2 _Ui”z) -2 P| 'Ui, 'Ui"
D, = . ,
Ui

e AGij.

BIZIMOBI/THO, aKTHBHUX Ta PEAKTUBHHUX BY3JIOBHUX IPO-
BiTHOCTEH, sIKi 3yMOBJICHO 3MIiHOIO aKTHBHOTO OIOPY
BITKU i-j cxemu 3amimenns EM ARjj i BIIMBOM TeM-
nepaTypH IpoBOJy Ta MPOTIKaHHIM pOOOYOT0 CTPyMYy:

G K1 AR2+K2 - AR;
i K5, AR2+K6 AR +K7
K3, AR2+K4 -AR,
AB; = -
K5, AR + K8, AR +K7

ABij — MOTIPAaBKH JI0 €IIEMEHTIB i-j MaTpHIIb,
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K2, _—R2+xj,
K3, =-X;;
K4, ==2R; - X;;
K5; =R + X
K6, =2R; - (R} + X7);
K7, =(R2+X2J.

3 ypaxyBaHHSIM BBe/IeHUX TO3HAYEHb BUPa3
nJist matpuui $Iko6i (6) mae BurJsia:

oF |B+B,-D G+G,+A

U [6+G,-A —B—BA—D‘:
B G| [B, G [[-D A
"I -8/"l6, -B,|-A -D

ne Ba, Ga — marpuni, noziOHi 3a CTPYKTypoOIO 10
CKJIAIOBMX MATPHIll BY3JOBHX mpoBimHocTedl B, G,
€JIEMEHTAMU SIKHX €, BiNOBiIHO, ABjj Ta AGjj ; A i D —
JiaroHaJbHI MAaTpHIl, €JCMEHTAaMH SKHX €, BIAIO-
BigHo, Aj Ta D;

Taxkum ynHoM, MmaTpuus SIkodi Mmae Tpu ckJia-
J0Bi:

% =Y +Y,-(R,)+V-(P,QU), @

ne Ra — BekTop-cTOBHENb MOIMPAaBOK AKTHBHHUX

OTIOPIB BiTOK CXEMH 3aMIIIEHHS MEPEKi, 3yMOBIICHIX

BIJIMBOM 3MIiHH METEOMapaMeTPiB Ta PEKUMY poOOTH
EM.

Po3ninenns marpuni SIko0i Ha TpH CKIIQIOBI Ja€
MOXIIUBICTh CIPOCTHTH aJITOPUTM ii opMyBaHHS Ta
KOpUTYBaHHsI B IIPOILECI aBTOMAaTH30BaHOTO PO3paxy-
HKY, SIKUM TIPOaHaJi30BaHO KOMIUIEKCHY MaTpPHIIO 110-
TOKOPO3TIOAUICHHS :

Ck :Zef_l'Mki'(Mk'Ze_l'Mki)_l’ (8)

neZg =lg + JXg — niaronansua marpuns omo-

piB rinok EM; My — marpuns 3'eiHaHb BITOK Yy BY3-
Jax, B AKii 3amictp "—1" mis TpancopMaTOpHUX BITOK
3aMMCyIOTHCS Koe(iieHTn Tpancdopmartii.

AKTHBHI 1 pEeaKTHBHI OIIOpPH TiIOK, a TAKOX KOe-
¢inientn MaTpumni notokoposnoxuiny ( Cy ) pozpaxoBy-
IOTBCS CIIOYATKY ISl HOMiHAJIBHUX 3HaYEHb ITapaMeT-
piB Mepexi 1 YTOUHIOIOTBCS B MPOIIECi KepyBaHHS pe-
KUMOM i pOOOTH 3TiAHO 31 3MIHOK IOTOYHHX
METEOPOJIOTIYHUX YMOB.

3MiHa TEXHOJOTIYHHX BTpAT MOTY)KHOCTI B BHT-
kax EM 3a 3MiHM 1X mapaMeTpiB, BUKJIMKaHUX 3MIHOIO
MeTeOpOJ’IOFi‘iHHX YMOB, BU3HAYA€THCA SK:

AS=T-S, o)
ne S=P+ jQ — BexTop moTy)HOCTEH; T —Mat-

puLs KoeilieHTIB PO3MOLTY BTPAT MOTYKHOCTI B Bi-
TKax cxeMu EM, KoeH psAIoK K01 BUBHAYAETHCS SIK

T,=U, M, -C,-Uj. (10)
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Koediwientu BTpat noTyxHoCTi B BuTKax EM Bu-
3HAYAIOThCS HANPYTro B By3nax. Y Bupasi (10) BoHu

3amucaHi y BUITIAI TPaHCIOHOBaHOTO BekTopy Uy i
3BOPOTHOI AiaroHaibHoi Marpuii U l_Zl Ta KoedimieH-

TiB po3noxiny cTpyMis no rinkax C,;. 3HaK "~ 03Ha4ae,

10 MaTPHIIS CIIOTYUCHA.

3a JOIOMOT0I0 PO3POOIIEHOTO aNrOpUTMY BHKO-
HAaHO aBTOMaTH30BaHHI PO3PAXyHOK OL[IHIOBAHHS IIPO-
mycknoi 3pataocti [1J1 110 kB 1 750 kB 3 mapamerpamu
nposoais AC 240/32 mm? i AC400/51 mm? BinnosinHo.
Otpumani 3Ha4eHHs (tabu. 1 i 2) mokaszanu, 1o
IIPY HE3MIHHOMY CTPYMOBOMY HaBaHTa)XCHHI 31 30171b-
LIEHHSIM TEMIIEpaTypH NPOBOJLY 3HWKYEThCS TIepejaHa
MOTYXHICTh, @ TEXHOJIOTIYHI BTPATH aKTUBHOI MOTYX-
HOCTI B JTiHi1 301IBIIYIOTECS.
Tabmmrs 1

3Ha4YeHHs aKTUBHOT HOTYKHOCTI (Ppospax) 1 TEXHOIOTIYHHAX BTPAT aKTUBHOI MOTYKHOCTI (AP pospar)
pu poboyomy ctpymi I = 375 A 3 ypaxyBaHHAM TeMnepaTypu nposoay AC240/32 mm?

ITapaMeTpu PO3PaXyHKY t, °C
-20 -10 0 10 20
Rpospax 1072 OM/xM 97,71 102,78 107,85 112,93 118
Ppospax, MBT 16,59 15,75 15,05 14,34 13,64
APyospax, MBT/kM 0,41 0,43 0,45 0,47 0,49
Tabmuws 2

3Ha4YeHHs aKTUBHOT HOTYKHOCTI (Ppospax) 1 TEXHOIOTIYHHX BTPAT aKTUBHOI MOTYKHOCTI (4 Ppospax)

npu po6odyomy cTpymi I = 595A 3 ypaxysanusaM TemnepaTypu nposogy AC-400/51 mm?

[TapameTtpu po3paxyHKy t, °C
-20 -10 0 10 20
Rpospax, 1072 OM/xm 60 64 66 69 73
Prospax, MBT 258,43 244,27 233,65 226,57 212,41
AP pospar, MBT/KM 6,37 6,79 7,01 7,33 7,75

JUis miaTBEpDKEHHS TECOPETUYHUX PO3PAXYHKIB
aAMILTITYTHO-(pa30BUM METOJIOM BHUMIPIOBAHHS BHKO-
HaHO CKCIIEPHUMEHTAIIbHI BU3HAYCHHS BILTUBY MEXaHi-
YHOTO 3YCHJUISA i TEMIIepaTypu Ha MapaMeTpH MPOBO-
niB. Jlaamuii meronm 0Oa3yeThCs Ha CHUTBHOMY BH3HA-
YEeHHI1 MarHiTHUX 1 €MIEKTPUYHMUX ITapaMeTPiB IPOBOIY

Puc. 1. Jlabopamopna ycmanogxa 0 UMIPIO8AHb BNIUBY MEXAHIYHO20 3YCUNIS 8 | meMnepamypu

1 103BOJIA€ OJTHOYACHO BU3HAYMTH II030BXKHIO MarHi-
THY IPOHMKHICTH 1 TIOTIEPEYHY MUTOMY EJIEKTPUYHY
npoBinHicTs [1, 6].

ExcriepuMeHTH NpoBOAMiMCS Ha J1a0OpaTOpHii
ycraHoBLi kadenpu “ITHdopmarniiiHo-BUMIprOBaJIbHI
TexHoJorii 1 cuctemMu” HalioHaIBLHOTO TEXHIYHOTO
yHiBepcutery “XIII” 3 BukopuctanusMm mpoBoais AC
240/32 Ml\-/Iii AC400/51 mm? nosxkusom0 1M. (puc. 1)

Ha napamempu nPosooié NOSIMpsHUX JiHIl
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B xo7i excriepuMeHTiB BUSBIIEHO, IO MPUKIIAICHE
MeXaHI9HEe 3yCHJUIA Ha IPOBiJ, K& MOJEITIOBATIO 0XKe-
JIeNHI BIAKJIAZICHHS, IPUBOUT HE TIIBKHU JI0 HOTO IMO-
JIOBXXEHHsI, B PE3yJIbTaTi 4Oro 30UIBbIIYETHCS CTpiia
MPOBHCAHHS, a i 10 YCKJIaIHEHHS PeXUMY POOOTH Ji-

Hil 9epe3 3MiHy JOBXHHHU IPOBOAY. ToMy, 10 3MiHIO-
IOTBCSL MOTO TapaMeTpH i, B MEPITy Yepry aKTHBHHUN
OI1ip, SIKMH BIUIMBA€E Ha TEXHOJIOTI4HI BTPaTH aKTUBHOT
MOTYXHOCTI. Pe3ynpTaTH BHMIpIOBaHb aBTOMAaTH30-
BaHO repepaxoByBaiucs Ha 1 kM (Tadum. 3 14).

Tabmuws 3

3Ha4eHHS aKTUBHOI MOTY>KHOCTI (Pguyip) 1 TEXHOIOTIYHUX BTPAT aKTUBHOI MOTY>KHOCTI (A4 Pgyyip), @ TAKOXK BiTHO-
cHa noxnOka BUMipiB (OR) npu pobodomy ctpymi [ =375 A 3 ypaxyBaHHIM TeMIepaTypH IpoOBOIY

AC 240/32 mm?
[TapameTrpu BUMipIOBaHb t, °C
-20 -10 0 10 20

Rguwnip, 10°° OM/kmM 99,2 106,7 110,6 1115 116,1
Pguip, MBT 16,3 15,6 15,41 14,91 13,92

AP gupip, MBT/KM 0,42 0,45 0,46 0,47 0,49

OR, % 1,48 3,72 2,53 13 0,84

Tabmuus 4

3Ha4eHHS aKTUBHOI MOTY>KHOCTI (Peuyip) 1 TEXHONOTIYHUX BTPAT AKTUBHOI MOTYKHOCTI (A4 Pgyvip), @ TAKOK BiTHO-
cHa rmoxu6Oka BuMipiB (JR) mpu pobodomy ctpymi I = 595 A 3 ypaxyBaHHIM TeMIIepaTypu POBOLY

AC-400/51 mm?

IMapameTpy BUMipIOBaHb t, °C
-20 -10 0 10 20
Ruips 10 OM/km 62 63 67 68 71
Pouip, MBT 251,35 240,73 237,19 2233 219,49
AP gunip, MBT/KM 6,58 6,69 7,12 7,22 7,54
OR, % 3,2 15 1,47 14 2,8

PesynbraTy, oTprMaHi eKCIIEPUMEHTATBHUM LIS~
XOM (Tabm. 3 i 4) BiIpi3HAIOTHCS B PO3PaXxyHKOBHX
(Tabum. 112) i 3MIiHIOIOTHCS B 3aJISKHOCTI Bijl 3MiHU Te-
MIIepaTypH IPOBOJY.

Hnst mpoBony AC 240/32 mo BcboMy Aiana3oHy
3MIHHM TeMIepaTypHy NpOBOIY BUMIpsHI BTpatu (TadJI.
3) Oumpmn 3a pospaxoBani (tabn. 1). dnst mpoBomy
AC.400/51 npu 3MeHIIEHH] TeMIepaTypy IPOBOY BH-
MipstHi BTpaTtH (Tabum. 4) Oimemn 3a po3paxoBasi (Tabdd.
2), a ipu 30UTBIIICHHI TEMIIEPATypH IIPOBOAY BUMIipsHI
BTpatu (Tabn. 4) MeHIIi B MOPIBHAHHI 3 PO3paxoBa-
HUMHU (Ta011. 2). 3 MOPIBHSIHHS PO3PaXxOBaHUX 1 BUMIpsI-
HUX BEJIUYUH CIIIY€, 10 BIUTUB 3MIiHH METEOPOJIOTiY-
HHUX yMOB Ha napametpu [1JI o6ymoBieHo i mepepizom
MPOBOJLY: YMM OiNblIIe TIepepi3 MPOBOY, TUM BiH CTii-
KillIe 10 3MiHM TeMIIepaTypH i HaBIaKH.

JlocToBipHICTh pe3ynbTaTiB mepeBipsiIacs po3pa-
XYHKOM BiTHOCHOI TOXHOKH. 3HAYCHHS IIOXUOKH CKJIa-
nae merie 4 % (tabm. 3, 4), o miATBEPIKYE TOCTOBI-
PHICTh OTPUMAaHUX PE3yJbTATIB 1 JOLUUIBHICTH Bpaxo-
BYBaTH IIiJ] Yac MPOCKTYBaHHSI 3ac00iB KOHTPOIIO
MOTOYHUX TEXHOIOTiUHHX mapameTpiB [TJ1.

BucHosok.

IpencraBieHi AOCTIHKEHHS HUITXOM MOPIBHSIHb
3Ha4€Hb AKTHBHOI MOTY)XHOCTI 1 T TEXHOJIOTIYHMX
BTpAT, 5IKi OTPMMaHO TEOPETUUYHUMH PO3paxyHKaMH 3a
JIOTIOMOT'0I0 PO3pOOJIEHOTO AITOPUTMY 1 EKCIIEpUMEH-
TaJIbHUMH BU3HAYEHHSIMHU Ha JJaDOpaToOpHil yCTaHOBII],
OOTpYHTOBYIOTh JOLIBHICTE BPaxOBYBaTH IIiJ] 4Yac
NPOEKTYBAaHHS OCHALICHHS MOBITPSHUX JiHIH 3aco-
6aMH KOHTPOJIIO IOTOYHHX MTapaMeTpiB ISl KEpyBaHHS
B TIEPioj eKCIUTyaTallii peXuMaMid POOOTH eJIeKTPUY-
HUX MEPEX B PeaTbHOMY Yaci 3 METOFO 301JIbIICHHS aK-
TUBHOI TOTYXXKHOCTI 1 3MEHIIEHHS TEXHOJOTIYHUX
BTpaT.
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SUBSTANTIATION OF THE SIMPLIFIED METHOD OF EVALUATION OF FIRE RESISTANCE OF
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Abstract

For the assessment of fire resistance of protected steel structures, European methods are used, which are given
in standards EN 13381-4: 2013 and EN 13381-8: 2013. The practical implementation of these methods requires
considerable material costs, in particular, the need for the use of special fire furnaces with equipment for loading
steel structure specimens and the creation of a large number of standardized specimens. Therefore, it is important
to develop a simplified method, and why this research is dedicated. The substantiation of the test procedures, the
parameters of the test specimens (their number, shape, cross-section coefficient, thickness of the fire protection
system) and the critical values of the critical temperature of steel for a simplified method of evaluating the fire
resistance of protected steel structures are given in the article. It is shown that it is expedient to use steel columns
with a height of 2.0 m of the I-section of profile No. 20 according to DSTU 8768, which have the highest value of
the cross-section coefficient. The critical temperature range of steel is set from 350 °C to 500 °C, for which the
simplified method should calculate the minimum thickness of the fire protection system. The choice of such a
range is justified by the acceptable difference between the results of the fire resistance rating of the protected steel
structures, obtained taking into account and without taking into account the performance of the fire retardant
system and (or) its ability to remain intact during fire exposure. The values of the minimum thickness of the coating
layer (plaster) made of flame retardant material "Endotherm 210104", which provide normalized classes of fire
resistance of steel structures obtained by a simplified method. It is shown that for steel structures with a cross-
sectional ratio of significantly less than 294 m are presented, the values of the minimum thickness of the fire
protection system will be substantially smaller (by tens of percent) than those obtained by the simplified method.

Keywords: fire resistance, critical steel temperature, fire rating, fire protection system, simplified method,

steel structure, standard

1. Introduction

European standards EN 13381-4 [1] and EN
13381-8 [2] establish test methods for determining the
effect of passive and reactive fire protection systems on
the fire resistance of protected steel structures that can
be used as beams or columns. These methods make it
possible to determine values of the minimum thickness
of the fire protection system for a wide range of cross
section coefficient of steel profile and critical (design)
steel temperature, under which the normalized fire
resistance classes of these steel structures are provided.
However, the practical implementation of these
methods requires significant material costs associated,
in particular, with the need to use special furnaces with
equipment for loading specimens of steel structures and
to create a large number of standardized specimens
(steel columns and beams lined with flame retardant
materials). more than 200 thermocouples should be
installed.

When assessing the fire resistance of steel
structures at the stage of designing a fire protection
system, as well as the operation of buildings, the use of
such European methods is not always acceptable. At

this stage, it is advisable to apply a method that requires
significantly less material costs than the above methods
and provides acceptable reliability of the results of the
evaluation of the fire resistance of steel structures.
Considering this, it is important to consider the research
aimed at further improvement and development of
methods of assessment of fire resistance of steel
structures, in particular, to the development of a
simplified method, acceptable for structures with
passive and reactive fire protection systems.

2. Literature Data Analysis and Problem
Statement

When tested by European methods [1, 2], a certain
number of steel structures of the I-profile (I or H) and
(or) voids protected by the fire protection system are
subjected to fire exposure under the standard
temperature regime. Short unloaded columns and
beams (1.0 m in size) and loaded columns (3.0 m high)
and beams (4.0 m long), and an extra high column (2.0
m in size) are applied for reactive fire protection
systems. The number of steel structures to be tested and
their parameters depend on the scope of evaluation. In
particular, when evaluating the fire resistance of steel
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structures with reactive fire protection systems, the
number of these samples can be from 15 to 43. During
the tests, the temperature values of the steel structure
samples for different duration of fire exposure
according to the standard temperature regime are
measured. The results of comparing the values of the
temperature on the loaded and unloaded samples
determine the correction factor. This factor determines
the difference in the ability of the fire retardant system
to clutch and (or) the ability to remain intact during fire
exposure when applied to laden and unladen steel
structures. Using this coefficient, experimental data on
the temperature of short structures is corrected.
According to these corrected data, one of the estimation
methods given in the above European standards
determines the values of the minimum thickness of the
fire protection system at which the temperature of the
steel structures does not exceed the value of the critical
temperature of the steel for the normalized duration of
the fire action (fire resistance class).

Studies of the limits of application and accuracy
of these methods of assessment, carried out using the
method of computational experiment, found that all
these methods allow to determine the values of the
minimum thickness of the fire protection system, which
provide normalized classes of fire resistance of steel
structures [3]. At the same time, these thickness values
are significantly overestimated relative to the true
(exact) values determined by the method of
computational experiment, in the case of their
calculation by the method of numerical regression. The
standard deviation of the calculated values from the
exact thickness values for the numerical regression
method reaches 190%. For the other two estimation
methods given in the European standards [1, 2], which
are based on the solution of the non-stationary thermal
conductivity equation, this standard deviation does not
exceed 43 %.

In [4, 5], the results of studies of the convergence
of data on the minimum thickness of the fire protection
system obtained by different methods of estimation are
presented. In addition to the assessment methods given
in European Standards [1, 2], these studies used a
method based on the solution of the inverse heat
conduction problem, which is implemented in the
national standard of Ukraine DSTU B B.1.1-17 [6].
Experimental data on the temperature of specimens of
steel structures obtained with the use of passive and
reactive fire protection systems were used in the
studies. The results of these studies show that the
greatest deviations in the thickness of the flame
retardant occur when comparing the calculated data
obtained by the numerical regression method with the
values determined by the method based on the solution
of the inverse heat conduction problem. The standard
deviation of this data reaches 94%. At the same time,
for the estimation methods based on the solution of the
non-stationary thermal conductivity equation [1, 2], the
standard deviation does not exceed 80%. The values of
this deviation for the reactive flame retardant system
are much greater (two or more times) than for the
passive flame retardant system used in the studies.

The standard deviation of this data reaches 94%.

At the same time, for the estimation methods based on
the solution of the non-stationary thermal conductivity
equation [1, 2], the standard deviation does not exceed
80%. The values of this deviation for the reactive flame
retardant system are much greater (two or more times)
than for the passive flame retardant system used in the
studies. In some methods, such as [7-9], such a
procedure is not used, tests are carried out without
mechanical loading of the samples and without taking
into account the ability of the fire retardant system to
clutch and (or) its ability to remain intact during fire
exposure.

In works [10, 11], the data on the difference
between the results of fire resistance assessment of
protected steel structures, obtained by the methods [1,
2, 6], taking into account the indicators of the ability of
the fire protection system to grip and (or) its ability to
remain intact during fire exposure and without taking
them into account. It is shown that the difference
between the values of the minimum thickness of the fire
protection system, determined taking into account and
without taking into account these indicators, depends
on the value of the cross section coefficient of the steel
profile, the critical temperature of the steel and the
normalized limit of fire resistance of the steel structure.
The dependence of this difference on the cross section
coefficient of the steel profile for the passive and
reactive flame retardant system investigated is largely
monotonic. The difference for most of these
dependencies decreases significantly with the increase
of the cross section coefficient of the steel profile. The
maximum value of this difference for the passive and
reactive fire protection systems is 38.7% and 28.0%,
respectively. The average difference value for a
reactive flame retardant system is insignificantly
dependent on the critical temperature of the steel and
has a maximum value of 5.5%. For a passive fire
protection system with an increase in the critical
temperature of the steel, the mean difference increases
monotonically and reaches 18.8% at 750 ° C.

In addition to the above test methods [1, 2, 6], in
which specimens of steel structures of the I-profile (I or
H) and (or) rectangular profile are subjected to heat,
methods are used in which samples having a different
shape and size are used. [7, 12-15]. In the method [7],
square steel plates with a side of 500 mm with a
thickness of 5 mm are used. In the method of [12, 13],
in addition to these steel plates, 10 mm thick plates are
used. In the methods [14, 15], in addition to steel plates
with a side of 500 mm and a thickness of 5 mm, square
steel plates with a side of 200 mm and a thickness of 5
mm are used. According to the results of studies
reported in [16, 17], it is found that the values of the
minimum thickness of the reactive fire protection
system obtained from the test data of the samples in the
form of a plate, are preferably larger than when using
samples from the I-T profile. For the passive fire
protection system, on the contrary, mostly larger values
have the minimum thickness data obtained using two-
T-shaped specimens. The difference between the
minimum thickness values of the reactive flame
retardant system obtained on samples of various shapes
reaches 79.0%, and for the passive flame retardant
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system - 62.5%. The results of these studies conclude
that it is not possible to use plate-shaped specimens to
evaluate the fire resistance of protected steel structures
of the I-profile for all ranges of the cross-section
coefficient of the steel profile and the critical
temperature of steel given in [1, 2, 6].

The following conclusions can be drawn from the
analysis of methods for evaluating the fire resistance of
protected steel structures. The application of European
methods [1, 2] requires considerable costs, in particular
the cost of designing steel structures and preparing
them for testing. These costs can be reduced by
reducing the number of test specimens, including by
removing specimens of loaded beams and columns.
However, to substantiate the possibility of using a
method with a reduced number of samples to evaluate
the fire resistance of protected steel structures, the
results reported in [10, 11] are not enough. Therefore,
there is reason to believe that the lack of certainty of the
influence of the number of samples for testing and their
other parameters on the results of the evaluation of the
fire resistance of protected steel structures necessitates
research in this direction.

2. The purpose and objectives of the study

The purpose of the study is to substantiate the test
procedures, the parameters of the test specimens (their
number, shape, cross-section coefficient, thickness of
the fire protection system) and the critical steel
temperature limits for a simplified method for
evaluating the fire resistance of protected steel
structures.

To achieve this, the following tasks have been set:

— to determine the components and procedures of
a simplified method for evaluating the fire resistance of
protected steel structures using a reduced number of
samples (relative to European methods [1, 2]) and not
using loaded samples for testing;

— determine the coefficient of cross-sectional
samples for testing, and other options, as well as the
limit values of the critical temperature of steel in which
an acceptable convergence assessment results of fire
resistance obtained with and without taking into
account the performance ability of the system of fire
protection to grip and (or) its ability to remain intact
during the fire exposure is achieved;

— to conduct fire resistance assessment of
protected steel structures using simplified method (with
reduced number of samples and without application of
loaded samples).

3. Research Methods and Results and Their
Discussion

Analytical and experimental methods have been
applied to solve these tasks. Determination of the com-
ponents and procedures of the simplified method of as-
sessment of fire resistance of protected steel structures
was performed on the basis of provisions of European

standards [1, 2] and national standards of Ukraine [7—
9, 18]. The proposed simplified method has two
components - experimental and design ones. In the
experimental part, the temperature measurements of
steel structures samples under fire conditions according
to the standard temperature regime are carried out. In
the calculation part, according to the obtained
experimental data on the temperature of these samples,
the values of the minimum thickness of the fire
protection system, which provide the normalized
classes of fire resistance of steel structures are
determined.

In the experimental part, procedures for the man-
ufacture of specimens for testing, the installation of
thermocouples on them, the installation and mounting
of specimens in the furnace, the measurement of tem-
perature in the furnace and the specimens are used. For
the production of samples steel columns with a height
of 2.0 m I-section of profile No. 20 according to DSTU
8768 [19] are used. The use of specimens in the form
of a plate is impractical because of the significant errors
in the results of evaluating the fire resistance of pro-
tected steel structures from the I-profile [16, 17]. The
choice of such a height of the specimens is justified by
the provisions given in DSTU B V.1.1-14 [9] i EN
13381-8 [2]. According to 7.1.2 DSTU B.V.1.1-14 [9]
the height of the sample to be tested without loading
must be not less than 1,0 m. According t0 6.2.416.2.5
EN 13381-8 [2] unloaded short and tall columns should
have a height of 1.0 m and 2.0 m, respectively. The
choice of profile Ne 20 is justified as follows. Accord-
ing to the results of studies presented in [10, 11], it is
found that the difference between the values of the min-
imum thickness of the fire protection system, deter-
mined taking into account and without taking into ac-
count the indicators of its ability to grip and (or) the
ability to remain intact during fire exposure, signifi-
cantly decreases with increasing the cross section coef-
ficient of the steel profile An/V, the value of which is
determined by the ratio of the surface area An, that is
affected, and the amount of steel V. In particular, in Fig.
1 dependencies of this difference are given dgmoed from
the combined thickness of the steel profile /Ay, which
is the inverse of the cross-section coefficient and the
critical temperature of the steel O, defined for the
passive fire protection system [11]. From this figure it
follows that the difference dgmod has much smaller
values for the small magnitude of the reduced thickness
V/An than for the large size of this thickness. Therefore,
the steel structure of the I-section of profile No. 20,
which has the least value of the reduced thickness,
which is V/An = 3,4 mm, and the largest value of the
cross-section coefficient An/V = 294 m! than other
structures commonly used in construction are used in
test specimens.
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Figure 1 Dependences of the difference dqmod ON the combined thickness of the steel profile V/An, and the
critical temperature of the steel 6., defined for the passive fire protection system and the normalized limit of
fire resistance 240 min 240 min [11]

The set of samples for testing by the simplified
method contains four columns of the I-section of profile
Ne 20. Two samples use a system of fire protection that
has a minimum thickness, and in other samples - a
system of fire protection that has the maximum
thickness. The use of identical samples is conditioned
by the requirement 7.1.4 DSTU B V.1.1-14 [9].

To measure the temperature of the samples on the
metal surface of each sample set three thermocouples.
They are located in the middle of the height of the
column in the center of the wall and the centers of the
inner surfaces of the shelves. Such number and location
of thermocouples correspond 8.1.2 DSTU B V.1.1-14
[9]. The temperature measurements are carried out until
all critical steel temperatures are reached.

In the calculation part of the simplified method,
the obtained experimental data on the average
temperature of these samples determine the thickness
of the fire protection system, which provides
normalized classes of fire resistance of steel structures.
The following procedures are applied.

According to the formula (1) [18] the values of the
duration of fire exposure (hereinafter - the time tc;) are
determined according to the standard temperature
regime, by which the critical temperature of steel is
achieved on the samples.

tor = tmes — A, @)
where t.; — time to reach critical steel temperature,
min;

tmes — the minimum value of the time interval from the
start of the test to the critical temperature of the steel, as
determined by the average sample temperature, min;

At — error, min.

The error value is determined by the formula [18]:

At = (0,015tmes + 3)(As — Ar)/(As — Anmin), )]

where As, Amin- integral values (areas under curves) of

standard temperature and minimum allowable temperature
in the furnace, according to [18], © C. min;

As - the integral value (the area under the curve)
average temperature in the furnace during the test, ° C.
min.

If As> A, then it is considered, that At =0.

Approximation of the data on the time teis, is con-
ducted by applying the numerical linear regression
equation (3), which establishes the relationship
between the time to reach the critical steel temperature
and the thickness of the fire protection system, and
determine the values of the four constants ao — as of this
equation.

tcr :a0+a1dp +a290r +a3dpgcr’ (3)
where d, — thickness of the fire protection system,
mm;

O — critical temperature of steel, mm;

ao, a1, az, as — constants (regression coefficients).

The acceptability of the obtained values of the
constants a0 - a3 is determined by the following
procedure. By equation (3), using the obtained values
of constants ao — as, the estimated time values te ¢ are
determined and compared with the time (1). The values
of the regression coefficients are considered acceptable
by the following criteria:

— for each sample the estimated time tcrcu Should
not exceed more than 30 % of experimental time tc;

— the average value of the difference between the
calculated time tecu and the experimental time t., for
each sample should be less than zero;

— a maximum of 20% of all values of the
difference between the estimated time tecy and
experimental time t; should be greater than zero.

If the above eligibility criteria are not met, then
modification of regression coefficients (value
adjustments ao — as) is conducted. To do this, a linear
modification factor (less than 1.0) is determined,
which, when applied to all regression constants, leads
to the fact that the estimated time tgcu Satisfies the
eligibility criteria. According to this procedure, which
corresponds to G.3.1 of DSTU B V.1.1-17 [6], we
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determine the modified regression coefficients, which
are used in further calculations.

By the formula (4) the values of the minimum
thickness of the fire protection system are determined,
which provide normalized classes of fire resistance of
steel structures having a cross-sectional ratio of not
more than the test specimens.

d = tﬁ,requ — 8 _a26cr

p ' (4)
3, +a,0,

where frirequ — limit of fire resistance, which

corresponds to the normalized fire resistance class of
steel structure, min.

Calculations of the minimum thickness of the fire
protection system are carried out for the critical steel
temperature range from 350 ° C to 500 ° C. The choice
of this range was made based on the analysis of the data
on the difference dgmod between the results of the fire

45
40 -~
35 -~
30
25
20
15

[#]
6d;modré

resistance assessment of the protected steel structures,
obtained taking into account and without taking into
account the indicators of the ability of the fire
protection system to grip and (or) its ability to remain
intact during fire action. [10, 11]. According to the
results of this analysis, it is established that in the range
of critical temperature of steel from 350 °C no 500 °C
the differencedqmod has insignificant values, which, in
particular, for the passive fire protection system do not
exceed 10 % (fig. 2 [11]). In addition, the critical
temperature of steel, which is 500 °C, is used in national
standards DSTU B B.1.1-4 [18], DSTU B B.1.1-13 [8],
DSTU B B.1.1-14 [9] for evaluation of fire resistance
of protected steel structures, which is carried out using
only unloaded test specimens. The lower limit value of
the critical steel temperature range of 350 ° C
corresponds to the value given in European and
national standards [1, 2, 6, 20, 21].

3
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Figure 2 Dependencies of the minimum value dg,modmin (1), of maximum value dqmoamax (2) and average value
Jd,mod,avg (3) the difference damod from the critical temperature of the steel, obtained for the passive fire protection
system [11]

Determination of the minimum thickness of the
fire protection system according to the formula (4) is
carried out for the critical temperature of steel 350 °C,
400 °C, 450 °C, 500 °C. If the purpose of the evaluation
is to determine the minimum thickness of the flame
retardant system only for the specific value of the
critical steel temperature, e.g., 500 °C [8, 9, 18] or
estimated value set according to Eurocode 3 [20, 21],
then instead of equation (3) we use an equation in
which there are no components axfc, azdpf, and
instead of formula (4), a formula without components
a2, azO. The results of the assessment are applicable
to fire protection systems throughout the thickness
range of the fire retardant material tested (from
minimum to maximum thickness values on test
specimens).

According to the simplified method discussed
above, the fire resistance of steel structures of an I-

profile with a profiled passive flame retardant system
was used, in which a fire-retardant plaster of
"Endotherm 210104" fire-retardant material was used
[22]. The purpose of this evaluation was to determine
the minimum thickness values of the specified flame
retardant material for which normalized fire resistance
classes of steel structures are provided for a critical
steel temperature of 500 °C.

The surface of the test specimens (four steel
columns with a height of 2.0 m of the I-section of
profile No. 20) was pre-applied with a thickness of 0.05
mm. The thickness of the coating layer (in the dry state)
of flame retardant material "Endotherm 210104" [22]
was: 28.20 mm for sample No. 1, 28.08 mm for sample
No. 2, 39.25 mm for sample No. 3, 38.35 mm for
sample No. 4. The experimental data on the average
temperature of these samples are shown in Fig. 3.
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Figure 3 — Dependences of the average temperature of the samples on the duration of fire exposure according to
the standard temperature regime

The results of the approximation of the time data
ter and the modification of the regression coefficients
ao, a1, an equation was determined (5), which
establishes the relationship between the time of
reaching the critical temperature of steel, which is 500
°C, and the thickness of the coating layer of flame
retardant material "Endotherm 210104".

t, =—47,628+5,868d,, ()

where dp — thickness of the coating layer of flame
retardant material, mm;

The results of determining the values of the
minimum thickness of the coating layer of flame
retardant material "Endotherm 210104", which provide
the normalized classes of fire resistance of steel
structures obtained using equation (5), are given in
table 1. The data in this table applies to columns and
beams, having a cross-sectional ratio of ho more than
294 m1,

Table 1

Values of the minimum thickness of the coating layer of flame retardant material "Endotherm 210104",
which provide the normalized classes of fire resistance of steel structures

Fire resistance class of steel structures

The minimum thickness of the coating layer dp, mm

R 120 28,56
R 150 33,68
R 180 38,79

Table 2 shows the minimum thickness of the box-
like fire protection system using endotherm 210104
fire-retardant flame retardants [22], defined for the R
120, R 150, R 180 fire resistance classes and the critical

steel temperature of 500 ° C. These data were obtained
by the European method by testing ten short columns
and four I-beam beams using numerical regression
analysis [1].



60 The scientific heritage No 43 (2020)

Table 2

Data on the minimum thickness of the box-shaped fire protection system using endotherm 210104 flame retard-

ant material
Fire resistance class of steel structures R 120 | R 50 | R 180
The cross-section coefficient Apn/V, Mt Minimum thickness of flame retardant d,, mm

50 18,1 22,8 27,4
60 20,8 25,9 31,1
70 23,0 28,6 34,2
80 25,0 30,9 36,9
90 26,7 33,0 39,2
100 28,2 34,7 41,3
110 29,5 36,3 43,1
120 30,7 37,8 44,8
130 31,8 39,0 46,3
140 32,8 40,2 47,6
150 33,7 41,3 48,8
160 34,5 42,2 49,9
170 35,2 43,1 51,0
180 35,9 43,9 51,9
190 36,5 44,6 52,8
200 37,1 45,3 53,6
210 37,6 46,0 54,3
220 38,1 46,6 55,0
230 38,6 47,1 55,7
240 39,1 47,7 56,3
250 39,5 48,1 56,8

Although comparisons of the data in Tables 1, 2
are not entirely acceptable due to the difference in
properties (in particular in density) of the flame
retardant made from Endotherm 210104 [22] and the
flame retardant of the same material, they can be used
for such analysis. From table 2 it follows that for the
box system, the values of the minimum thickness of fire
protection significantly depend on the cross-section
coefficient. As it rises from 50 m* to 250 m! the
minimum thickness of the fire protection increases 2.2
times. From this it can be assumed that the values of the
minimum thickness of the coating layer (plaster) of the
flame retardant material for cross-section coefficients
significantly less than 294 m-1 will be significantly
smaller (by tens of percent) than those given in Table
1. It means that tests using the simplified method result
in obtaining data on the minimum thickness of the fire
protection system, which can be inflated by several tens
of percent relative to the values obtained by European
methods [1, 2]. Such a difference between the results of
the tests obtained by the simplified method and the
European methods can be considered permissible for
determining the data on fire resistance at the stage of
development of fire protection systems, as well as the
operation of buildings.

However, it should be noted that the study was
subjected only to a passive fire protection system using
material "Endotherm 210104" [22]. For fire retardant
materials of other trademarks, it is possible to exclude
the possibility of obtaining results different from those
given. Such uncertainty imposes restrictions on the use
of the results obtained, which may be interpreted as
disadvantages of this study. The inability to remove
these limitations in the framework of this study justifies
the direction of further research, which, in particular,

can be aimed at assessing the convergence between the
values of the minimum thickness of the fire protection
system, which provide normalized fire resistance
classes of steel structures obtained by the simplified
method and European methods [1, 2].

6. Conclusions

A simplified method for evaluating the fire
resistance of protected steel structures has been
developed, which uses four unloaded steel columns for
testing, which is much less than required by European
methods [1, 2]. The components and procedures of this
simplified method are defined. The values of the
sample cross-section coefficient for the tests and their
other parameters are substantiated. It is shown that it is
advisable to use steel columns with a height of 2.0 m of
double-section section of profile No. 20 according to
DSTU 8768 [19], which have the highest value of the
cross-section coefficient.

The critical temperature range of steel is set from
350 °C to 500 °C, for which the simplified method
should calculate the minimum thickness of the fire
protection system. The choice of such a range is
justified by the acceptable difference between the
results of the fire resistance rating of the protected steel
structures, obtained taking into account and without
taking into account the performance of the fire retardant
system and (or) its ability to remain intact during fire
exposure.

The minimum thickness of the coating layer
(plaster) of the flame retardant material "Endotherm
210104" was established [22], under which the
normalized fire resistance classes of steel structures
obtained by the simplified method are provided. It is
shown that for steel structures with a cross-sectional
ratio of significantly less than 294 m, the values of the
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minimum thickness of the fire protection system will be
substantially smaller (by tens of percent) than those
obtained by the simplified method.
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