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AHHOTALMSA

W3yueHne KOJUIEKIIMOHHBIX 00pa3IoB JIIOIEPHBI Pa3HOTO IKOJIOr0-reorpa)uueckoro MNpOUCXOKACHHUS 110
YPOXKAIO CYXOro BELIECTBA M CEMsIH Ha (hOHE MOBBIIICHHOI KHCIOTHOCTH MOYBeHHOro pacteopa (pH 5,20-5,53)
TIO3BOJIMJIO BBIZICTIUTH MEPCIEKTUBHBIE 32 ITUMH NOKA3aTeIsIMU 00pa3iibl, KOTOPBIE MOTYT OBITh UCITIOJIb30BAHHI B
JATBHEHINEH CeNeKIIMOHHOM padoTe.

CpaBHEHHE BBICOTHI PaCTEHHH JIIOIIEPHBI B IEPBOM YKOCE ¥ KOPMOBOH ITPOTYKTHBHOCTH B I1estoM 3a 2019 rox
TIOKa3bIBACT, UTO MPAMOM 3aBHCHMOCTH MEKIy STHMH BeJIMUMHAMHU He Habmomaercs. Hampumep, copt Galaxie,
KOTOPBII OBUI CAaMIM BHCOKOPOCITBIM H TIPEBEIMIAN CTAaHAAPT Ha 12¢M, 32 ypoKaeM CyXOro BeIIecTBa OBLT TOIBKO
Ha 4eTBEpPTOM MecTe, a copta Osbra u Meus, KOTopbIe MPEBBIIIANN CTAHIAAPT Ha 9CM, 33 YpOKaeM CyXoro Bellle-
CcTBa OBUIH TOJIBKO HA BOCBMOM H CE€IbMOM MECTax. Tem He MCHEC, MJIA CCIICKIIUNU COPTOB, KOTOPHIC 06’I)CJII/IH${IOT
B ceOe 3TH JiBa NPU3HAKa, JOHOPAMH MOTYT OBITh 00pa3iibl, KOTOPBIE 32 YPOXKAEM CYXOro BELIECTBA M BBICOTOM
pacTeHuii 3a TpU rojia UCCIEA0BaHUI JOCTOBEPHO NpeBbICHIN cTaHnapT: banar, Basunoska (Poguudox), depakc
58, Galaxie u ®epakc 28.

He Bce 06pa3upl GopMHUPYIOT MaKCUMYM 3€JICHOI Macchl B TIEPBOM YKOCE, TIOATOMY OTPEJIEIICHHOW 3aKOHO-
MEpPHOCTH MEX/y BBICOTOH pacTeHHH B IIEPBOM YKOCE M COOPOM CyXOT0 BEIECTBA 33 BECh IIEPHO/I BETETAIMN HE
HaOJIroJaeTcsl.

Camblil BBICOKUN ypOsKail CyXOro BEILIECTBA B CPEJHEM 3a TPU '0/1a UCCIEOBaHUM MOIy4eH y copToB BaBu-
noska (Poauuuok) (Ykpauna) (1,42 xr/m?), Banat (Cep6us) (1,36 kr/m?) u Tlocesnas 3022 (Y36ekucran) (1,22
Kr/M?) mpu ypoxae y copra-ctanaapta Cunroxa 1,08 kr/m?,

Jlyumumu 0o ceMeHHON MpOoAYKTUBHOCTH Oblm 0Opasusl Kuapyne (JTursa) (31,9 r/m?), depaxc 58 (Ka-
Haza) (29,9 r/m?), Tuberckas (Kazaxcran) (28,5 r/m?), Pagocnasa (Ykpauna) (28,2 r/m?), Kumsapau 27 (Benrpus)
(27,7 r/m?), Onbra (Ykpauna) (26,5 r/m?), Bapunoska (Poannuok) (Ykpaunna) (26,2 r/M%) Ipu yposkae cTaHaapTa
23,5 r/m2.

Ocoboro BHUMaHUs 3acioyxuBaeT copt Depakc 58 (Kanaza), KOTOPHIi 3a Bce TOJIbI UCCIICTOBAHHUI JIOCTOBE-
PHO IIPEBBIIIAT CTAHAAPT 110 YPOXKAIO CEMSH U ObUI Ha YPOBHE CTaHIapTa WJIM ITPEBBIIIANT €r0 MO YPOKato CyX0oro
BEILIECTBA.

B nanpHeiiniel cenekuuoHoH paboTe OyayT MCIOIb30BaHK 00pa3iibl, KOTOPHIE JOCTOBEPHO NPEBBICHIIM CTa-
H/IapT B CPEHEM 3a TPH T'0Jla UCCIIEOBAaHUN 32 COOPOM CyXOTro BELIECTBAa M YPOXKAaeM CEMSH COOTBETCTBEHHO:
®epaxc 58 (+10% u + 27%), Panocnasa (+7% u +20%), Omera (+11% u +13%), BaBunoska (Pogamuok) (+31%
u +11%). K tomy e, 3Tn 00pasiipl MpEeBbICIIIN CTAHAAPT 110 BHCOTE pacTeHHi B mepBoM ykoce B 2019 roxmy
cootBercTBeHHO Ha 31%, 11%, 8% 1 55%.
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Abstract

The study of collectible samples of alfalfa of different ecological and geographical origin on the harvest of
dry matter and seeds against the background of increased acidity of soil solution (pH 5.20-5.53) made it possible
to highlight the promising beyond these indicators samples that can be used in further breeding work.

Comparison of the height of alfalfa plants in the first slope and feed productivity in general for 2019 shows
that there is no direct correlation between these values. For example, the Galaxie variety, which was itself visopory
and exceeded the standard by 12cm, was only in fourth place for the dry crop, and the Olga and Media varieties,
which exceeded the standard by 9cm, were only eighth and seventh in the dry material.

However, for the selection of varieties that combine these two traits, donors may be samples that behind the
harvest of dry matter and the height of plants for three years of research reliably exceeded the standard: Banat,
Vavilovka (Rodnichok), Feraks 58, Galaxie and Ferax 28.

Not all samples form the maximum of green mass in the first slope, so there is no definite pattern between
the height of plants in the first slope and the collection of dry matter for the entire growing season.

The highest yield of dry matter on average for three years of research was obtained from varieties Vavilovka
(Rodnichok) (Ukraine) (1.42 kg/m?), Banat (Serbia) (1.36 kg/m?) and Posevnaya 3022 (Uzbekistan) (1.22 kg/m?)
at the harvest of the Sinyuha-standard grade 1.08 kg/m?.

The best in seed productivity were samples of Jidrune (Lithuania) (31.9 g/m?), Feraks 58 (Canada) (29.9
g/m?), Tibet (Kazakhstan) (28.5 g/m?), Radoslawa (Ukraine) (28.2 g/m?), Kishvardi 27 (Hung.) (27.7 g/m?), Olga
(26.5 g/m?) and Vavilovka (Rodnichok) (Ukraine) (26.2 g/m?) with a yield of standart of 23.5 g/m?.

Of particular attention deserves the variety Ferax 58 (Canada), which for all the years of research reliably
exceeded the standard for seed harvest and was at the level of the standard or exceeded it in the yield of dry matter.

Further breeding work will use samples that reliably exceeded the standard for the average of three years of
research for the collection of dry matter and the seed crop respectively: Ferax 58 (10% and 27%), Radoslawa (7%
and 20%), Olga (11% and 13%), In addition, these samples exceeded the standard for plant sisoin in the first slope

in 2019 by 31%, 11%, 8% and 55%, respectively.

KiroueBble cji0Ba: JIFOIIEpHA TIOCEBHAS, CENIEKIMS, 0Opasell, COpT, ypoxail Cyxoro BeliecTsa, ypoxait ce-

MsH.

Keywords: alfalfa sowing, selection, sample, variety, dry matter crop, seed harvest.

IMocranoBka mpoOJembl. Vcrnonb3oBaHue Jio-
nepHsl moceBHol (Medicago sativa L.) B kauecTBe ko-
pMa 11t ckota, kak cuutaer MBanos A.U. [1, ¢.7], Ha-
4aJoch eme 7-8 ThIC. JIeT Ha3a/, OJHAKO U 3TH JIaHHBIE
MOTYT OBITh YCJIIOBHBIMH, IIOTOMY YTO BBIPOIIMBAHUC
KOPMOBBIX TPaB MOTJIO HAYaThCs U PAHBIIE — EIIE B TIe-
PHOJ TOMECTHUKAINHN KUBOTHBIX.

3a kauecTBOM Oellka, CO/EpKAaHUEM He3ame-
HUMBIX aMHUHOKHUCJIOT, BATAMWUHOB U MHUKPOECJIIEMCHTOB
JIIOIIEpPHA TMPEBBILIAET Apyrue OO0OOBBIE KOPMOBBIC
KyJIBTYpBl — KIJIEBEp, ICHAPLET, JOHHUK U Ja)e COIO.
[Ipyn ckapmiyMBaHMM 3€JE€HOH Macchl, CE€Ha, CEHaxa,
TPaBsSHON MYKH, TpaHyJl 1 OPUKETOB, M3TOTOBJIEHHBIX
U3 JIIOLEPHBI, YCKOPSETCS POCT, BRIHOCINBOCTh U pe-
NPOJNYKTUBHBIC KadecTBa JKMBOTHBIX. He wmeHee
IIEHHBIMH Ka4eCTBAMH €€ €CTb JI0JITOBEYHOCTh, MHOTO-
YKOCHOCTb, BBICOKAasi KOPMOBasi NMPOAYKTHBHOCTb W
CrocOOHOCTH OBITH TPEKPACHBIM MPEAIIECTBEHHBIKOM
JUTSI MHOTHX CETbCKOXO3SHCTBEHHBIX pAaCTeHUH Oaro-
Japsd HAKOIUICHUIO B MTOYBC IMOCJIC NUYX-TPEXJICTHETO
UCnob30BaHus 8-12 T/ra KOpHEH U MOKHUBHBIX OCTa-
TKOB, 4TO 3KBUBasIeHTHO 40-60 T/ra HaBo3a [2, C.6].

Tem He MeHee, 1anbHelIIee paciIupeHre TOCEBOB
JIFOLIEPHBI HA KOPM OTPAaHUYMBACTCS IEPUIIUTOM U BbI-
COKOM CTOMMOCTBIO CEMsIH, YTO OOYCIIOBIICHO DPSIOM
MIPUYNH, TIABHBIMH CPEJI KOTOPBIX €CTh HEBBIMOJHE-
HHE CYIIECTBYIOIINX HAyYHO-000CHOBAHHBIX TEXHOJIO-
THH BBIPAIMBAHUS CEMEHHBIX MOCEBOB JIOLEPHBI [3,
c.4], uCroIp30BaHNE COPTOB, KOTOPBIE HE OTBEYAIOT
arpoOKIIMMATHYECKUM YCIIOBHUAM 30HHI [4, ¢.152], Hamm-
YHhe Cpely MHOTHX 3apEerHCTPHPOBAHHBIX COPTOB [5,
¢.306; 308-309] Takmx, KOTOPHIE COYETAIOT BHICOKYIO

KOPMOBYIO Ml CEMEHHYO POTYKTUBHOCTh X IMEIOT I10-
BBIIIEHHYIO CTOMKOCTh K KHUCJIOTHOCTH IOYBHI [6, C.
153].

AHAJIU3 MOCJETHUX TOCTHKEHWI M MyOauKa-
uumii. Kak ormedaer A.B.Tumienko [7, c. 7], mpou3Boa-
CTBY HYXHBI COpPTa JIOIEPHBI, KOTOPBIE CIOCOOHBI
(hopMHpPOBATh BBHICOKHH CTAOWMJIBHBIA YpOXKail CyXOro
BE€OIECTBA U CEMAH C MHUHUMYMOM OHCEPTCTUYCCKUX
pacxoa0B, aJallTUPOBAHHBIX K YCJIOBUIAM PETruoHa C
YYETOM JIMMUTHPYIOHMIHX (akTopoB cpeabl. OqHUM U3
TaKUX BaXHBIX (PAaKTOPOB €CTh MOBBIMICHHAS KHCIOT-
HOCTB IMOYBEHHOTO PAaCTBOPA, KOTOPAasi CHUKACT JIOJIT0-
BEYHOCTbH U MPOYyKTHBHOCTh PACTCHUH JIFOLICPHBI.

Cenexnus — 3TO CIOXKHBIH OMOTEXHOIOTHUCCKIA
nporecc. OH 3MKIETCS HAa UCIOIh30BAHUU CYIIECTBY-
IONIMX W HOBBIX METOIOB CO3/IaHUS TECHETHYECKOTO
pa3Hoo0pasus, ero OeHKH 1 0TOOPA )KeTaTeIbHBIX Te-
HOTHUIIOB, KOTOPBIE OOBETUHSIOT MAaKCHUMyM IIpH3HA-
KOB, Ka4eCTB U OCOOCHHOCTEH, KOTOPbIE JOIDKHBI OBITH
MPUCYIH OYIyIIeMy HOBOMY COPTY WJIM CHHTETHYE-
ckoit nmomyssitiuu [8, ¢.8].

21_]'[5[ TIOUCKAa TaKUX I'CHOTUIIOB M3Yy4YarOTCAd U aHa-
JU3UPYIOTCS OOJIBINNE 00BEMBI HCXOHOTO MaTepuaa
KaK OTCUYECTBCHHBIX, TaK U 3apYOCIKHBIX KOJUTCKIIUH [9,
¢.176], a oToOpaHHBIE 00pa3IBl HCIONB3YIOTCS B AAJTb-
HeleMm cenekuuoHHoM mnpouecce [10, €.105]. Ilo-
ATOMY B CEJICKIIHH JTIOLICPHBI B IIOCIICTHEE BPEMS aKTy-
TBHBIMH €CTh UCCIICIOBAHMS, KOTOPHIC HAIPaBIICHBI
HE TOJIHKO Ha IMOBBIIICHNE KOJIMIEeCTBA U Ka4ecTBa KOp-
MOBOH NPOAYKLUMH B COYETAHUH C BBICOKOH CEMEHHOM
MIPOAYKTUBHOCTHIO, HO I yCTOWYMBOCTH BHOBD CO3aH-
HBIX COPTOB M THOPUAHBIX MOMYJIIIHUN K CTPECCOBBIM
¢axTopam okpyxatomiei cpenst [11, c. 251].
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Boiesienne HepelIeHHBIX PaHee YacTel o01meit
npodeMbl. HOpMaJIbHEI POCT U pa3BUTHE PACTCHHIA
JIOLIEpHBI IPpOoUCcXoAuT Ha mousax ¢ pH 6,5-8,4. Cuu-
JKEeHHE TO0Ka3aTelNsl PeakMy TOUYBEHHOI'0 pacTBopa 10
pH 5,0-5,5 orpuniarensHo BiusieT Ha IpoLecchl OUOCH-
Hre3a [12, ¢.393]. 3HaunTeNnbHas YacTh IUIOMIAECH B
YkpanHe, Ha KOTOPBIX BBIPALIMBACTCS JIIOICPHA,
HUMEIOT KUCIIYI0 peaKkIUi0 IMOYBEHHOTO PacTBOpPa, YTO
OTPaHWYMBACT PACIIMPCHHE €€ MOCEBHBIX ILIOIIAICH.
B Jlecoctenu YkpauHbI IUIOMAIb TOAKUCICHHBIX ITOYB
cocraBisiet Oombine 25% maxots [13, ¢.88], moatomy
pa3BUTHE CEJEKIIMOHHBIX TEXHOJIOTHH To smaduue-
CKOH CEJIeKIINHN U CO3JaHHEe COPTOB M THOPHUIHBIX IO-
IIyJIALAHN JIFOLIEPHBI, KOTOPBIE HE CHUXKAIOT CBOUX IIPO-
AYKTHUBHBIX Ka4€CTB Ha MMOYBax € MOBBIIIEHHON KHUCJI0-
THOCTBIO ITOYBCHHOT'O pacTBOpa, €CTh aKTyaJlbHBIM H
CBOEBPEMEHHBIM.

Leanr wuccnenoBaHus — M3Y4YEHHE KOJUIEK-
IIMOHHBIX 00pa3loB JIIOIEPHBI Pa3IMYHOTO DKOJIOTO-
reorpauIecKoro MPOUCXOXKICHUS U 0TOOP HOMEPOB,
KOTOPBIE 32 KOMIUIEKCOM XO3SHCTBECHHO-IIECHHBIX ITPH-
3HAKOB MOTYT OBITh BKIIFOUCHEI B JAIBHEHINI CeleK-
LMOHHBIN IpoLECC.

H3i0:xeHne 0CHOBHOTO MaTepuaJja. Hamu Opiia
cobpaHa u chopMupoBaHa KOJUIEKIHS 0OPAas3IoB IEO-
uepHbI mocesHoi (Medicago sativa L.) u srotiepHbI 13-
menunBoit (Medicago varia L.) (cenexiuoHHbIE COPTa,
MECTHBIC JUKOPACTyHIue HOHyHHHI/II/I) 13 pas3IMYHbIX
JKOJIOTO-Teorpaduueckux 30H B konmdectse 30 mit. x
u3y4deHue npoBoauiock ¢ 1916 roga B mepBoM cenek-
IIHOHHOM C€BOOOOPOTE ONBITHOTO 1oJIst IHCTHTYTA KO-
pMoB U cenbsckoro xo3siicta [Tononmuu HAAH VYkpa-
WHBI Ha CEPHIX OIOJ30JEHHBIX CpeIHE-CYTITMHUCTBIX
noyBax ¢ mokaszarenem pH coneBoit BbITsKKH 5,20-
5,53 ¥ THAPOIUTHYECKOW KHUCIOTHOCTBIO 2,1-2,4
Mr/3kB. Ha 100r TOYBHI.

IToaroroBka 1 00pabOTKA MMOYBKI MO MTOCEB KO-
JUIEKITUH JIIOLEPHBI Obuth ofrienpuHsaTeie s Jleco-
CTENHOW 30HbI YKpauHsbl. IIpenniecTBeHHUK — 03UMas

IIIEHNIA. 3aKIaJKa OTBITHBIX Y4aCTKOB IIPOBOANIACH
BPYYHYIO JIETHHM ITI0CEBOM OECIIOKPOBHBIM CTIOCOOOM.
CxeMa moceBa Uil ONpENENICHUS ypoO)Kas 3€lIEeHON
Macchl M CyXOro BellecTBa — CIUIOIIHBIM (15¢cMm), ms
yudeTa ypoxKas CeMsH — INUPOKOPSAAHO (45¢cM). YueTHas
IWIOMmah — 3 M2, OBTOPHOCTh — JIBYKpaTHas. YOOpKy
3€JIeHOH MacChl MPOBOAWIN B a3y OyToHM3anmy 3a 4
yKoca, ceMsH — B iepBoM ykoce. Ctanaapt — copt Cu-
HIOXa ceNeKIuu VIHCTUTYTa KOPMOB | CETbCKOTO X035~
ycrBa [Tonommn HAAH Vkpaunsr [14, ¢.75] BeiceBann
yepe3 10 HomepoB.

Mertonuka IIpoBEJCHUS OMBITOB OTBEYAIa OOIIe-
MPUHATBIM TPeOOBAHMAM K MOJEBBIM OmBITaM [15, c.
40-52]. denonornveckue HaOIIOEHUS, ONpEIelIeHue
BBICOTHI PACTCHUH, KOPMOBOM U CEMEHHOM IIPOIYKTHB-
HOCTH JIFOLIEPHBI MPOBOJWIN COTJIACHO CYIIECTBYIO-
M Metoaukam [16, 79 c.].

I'maporepMudeckue yciaoBHs B TOJbI HCCIIENOBA-
HUHA 3HAYUTEIHHO pa3IM4alnch MEXIy COO0OH, 4TO
JIa7I0 BO3MOXKHOCTH TIPOBECTH OOBEKTHBHYIO OLICHKY
KOJUIEKIIMOHHBIX 00pa3IoB 3a HCCIEAyEeMBIMH Iapa-
MeTpaMHu.

ITo pesyneraram nuccnemoBanuit 3a 2017-2019 rr.
3HAYUTEIBHOE BIMSHHUE HA ypOXKall CyXOro BEIECTBa
pacTeHuil UMeNnn arpoKINMaTHYeCcKie yCIoBus (Tali.
1).

B 2017 rony B 3uMHe-BeceHHHH Mepuo] HaOIo-
JaJI0OCh 3HAYUTEIIBHOC MMOBLIIICHUC TEMIICPATYPHI BO3-
JlyXa B CPAaBHEHHH CO CPETHEMHOT OJIETHUMH TOKa3aTe-
JISIMHA TIP HEMHOTO OOJIBIIUM KOJIMYECTBOM OCAJIKOB.
OT0 0becreunio HopMallbHbIEe YCIIOBUS JJIsl Ha4Yaja Be-
CCHHEH BereTauy JronepHsl. HaunHas ¢ Mast 1 B Tede-
HHE BCETO JIETa CTOsIIa YMEPEHHO JKapKasi ¥ cyxast I1o-
ro/ia C HEJOCTATOYHBIM KOJIHIECTBOM OCAIKOB B Mac U
ntoHe. OOUIBHBIC TOXKIU B HIOJIC MTOTIOTHMIIN 3arachl
BJIAr", 8 OTHOCHTEJIFHO CyXasl CEHb CO3/1a/1a ONTHMaITb-
HbBlE YCIOBHS JUIs (OPMHUPOBaHHS BEreTaTUBHOMN
Macchl U cOOpPY CYXOTO BEIECTBA C €INHHIIBI

Tabmuua 1
I'maporepMuyeckue ycIoBHs BO BpeMsi poBeieHus ucciienoanuii (2017-2019 rr.)
CpenHemecsadHas TemnepaTtypa Bozayxa, °C CyMMa 0cagkoB, MM
Mecs-upt | 2017\ 55181 | 2019 Cpenss 20171, | 2018 1. | 2019 7, | CPEAAA MHOTO-
T. MHOTOJIETHSS JIETHSIS
I 15 2,5 14 -5,8 32 18 13 25
11 -3,6 -3,9 2,1 -4,8 41 16 40 26
11 5,5 4,2 3,4 -0,6 28 36 30 24
Iy 8,1 9,9 9,3 7,2 33 87 37,8 36
Y 17,6 14,5 154 13,6 20 41 1440 59
VI 19,9 18,3 19,1 17,1 39 45 64,0 74
yiI 215 25,4 19,0 18,7 81 92 38,0 72
YII 19,8 22,8 20,2 17,8 24 82 9,2 69
IX 13,8 15,3 16,6 13,5 38 40 34 44
X 91 10,2 9,8 7,3 25 31 12 41
XI 3,7 4,5 1,8 23 97 37
XII 1,3 1,0 2,8 18 26 32
3aron 8,5 9,9 6,9 402 604 544
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miomany (tadmn. 2). JyqmmmMu 1mo 3ToMy moxasa-
TEJII0 OBUIM COPTa, KOTOPBIE CYIIECTBEHHO NMPEBBICHIIN
craugapt (copr Cunroxa) Ha 0,38-0,08 kr/m?% Tuber-
ckasi, depakc 35, Kokmie, Basunoska (Poguuuok), ba-
HaT, Baxmckas 130, Peruna u OBpuxka 1.

2018 roj 1o TorotHBIM yciioBusiM ObL1 OoJiee Oia-
TONPUATHBIM 1T (DOPMHUPOBAHMS  BETreTaTHBHOW
Maccsol, ueM 2017 roa. PanHAs BecHa ¢ IpeBBILIEHUEM
TEMITEpaTyphl HaJl CPEeIHIMMH MHOTOJETHUMH ITOKa3a-
TEJISIMH B MapTe-ampesie COOTBETCTBeHHO Ha 5,0-2,7°C

U JOCTaTOYHOE KOJUYECTBO OCAIKOB B 3TH MECSIIBI
(6onpme Ha 12-51MM) obecrieymyii HHTEHCUBHOE OT-
pacTaHue pacTeHUH U (popMHpPOBaHUE OOJIbINEH Bere-
TaTUBHOM Macchl. 3HAUUTEIBHBIN 3amac BJIar B HioJie-
aprycte (cooTBeTcTBeHHO Ha 20-13MM BbIlIEe CPETHUX
MHOTOJICTHUX TIOKa3aTeliel) U BBICOKHE TEeMIepaTyp-
HBIE rokazaren (Bbie Ha 6,7-5,0°C) obecrieunu mo-
JyYCHHE

Tabmuma 2
Yposxaii cyxoro Bemectsa, Kr/m?, 2017-2019 rr.
VYpokaii cyxoro BemiecTsa, Kr/m>
Crpana nmpo-
Haspanue o6pasiua ncxoxaeHus o6pa- | 2017 | 2018 | 2019 | Cepemmee +/-
3n0a T. T. T. 2017- K St Yo K St
2019 rr.
CuHroxa (St) VYkpauna 0,98 1,14 1,12 1,08 0,00 100
Omckas 8893 PD 0,90 1,10 0,82 0,94 -0,14 87
Maunsbruckas PO 0,63 1,07 0,88 0,86 -0,22 80
Tuberckas Kazaxcran 1,36 1,33 0,59 1,09 0,01 101
Koxkre Kazaxcran 1,14 1,14 0,63 0,97 -0,11 90
Kpacnogapckas pannsist | PD 0,92 1,25 1,00 1,06 -0,02 98
Basunoska (Ponauyok) | Ykpauna 1,12 1,40 1,73 1,42 0,34 131
IToceBnas 3022 V30ekucran 0,94 1,43 1,29 1,22 0,14 113
3opsiHa VYkpauna 0,75 1,16 1,19 1,03 -0,05 96
JIngust YxpanHa 1,00 1,15 1,20 1,12 0,04 103
Ospra VYkpauna 1,02 1,37 1,21 1,20 0,12 111
Kumsapam 27 Benrpus 0,78 1,08 0,79 0,88 -0,20 82
®epaxc 35 Kanana 1,21 1,14 | 0,93 1,09 0,01 101
OBpuka 1 PO 1,06 1,35 1,16 1,19 0,11 110
3alikeBrUua VYkpauna 0,91 1,27 0,98 1,05 -0,03 98
Pocana YkpauHa 0,88 1,27 1,14 1,10 0,02 102
Panocnasa VYkpauna 1,00 1,24 1,24 1,16 0,08 107
Peruna Yxpanna 1,09 1,34 0,98 1,14 0,06 105
Kamanunuckas 930 PO 0,96 1,11 1,15 1,07 -0,01 99
Owmckas 192 PO 0,83 0,87 1,11 0,94 -0,14 87
Baxmickas 300 TamxukucTan 1,10 1,17 1,12 1,13 0,05 105
Kunpyne JIutsa 0,75 1,08 0,69 0,84 -0,24 78
drnopa 2 PO 0,89 0,96 1,06 0,97 -0,11 90
Apremuza PO 1,02 1,04 1,12 1,06 -0,02 98
Menus PO 0,88 1,10 1,25 1,08 0,00 100
depaxc 28 Kanana 083 | 1,18 | 1,33 1,11 0,03 103
Ddepaxc 58 Kanana 0,92 1,19 1,46 1,19 0,11 110
IInato Tepmanust 0,88 0,93 1,24 1,02 -0,06 94
Galaxie DOpaniys 1,05 1,12 1,38 1,18 0,10 110
banar CepOus 1,11 1,18 1,80 1,36 0,28 126
HCP o5 0,051 | 0,062 | 0,063
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0oJiee BEICOKOTO ypOyKasi 3eJICHOM MacChl BO BTO-
POM, TPEThEM H YETBEPTOM yKocax (cO0p cyxoro Berie-
cTBa y copTa-cranfapta Cunroxa npessimian 2017 rox
ua 0,16 xr/m?). Jlyumumu B 2018 roay (c mpesbiie-
HueM Haj craagapToMm Ha 0,29- 0,10 xr/m?) 6bLIH 06-
pasuer  IToceBnas 3022, BaswioBka (PomHH4OK),
Oubra, OBpuka 1, Peruna, Tuberckas, Pocana, 3aiike-
Bu4a, KpacHonmapckas panuss, Pagocnasa.

Bbinzkum k 2018 rogy mo arpomMereoposioruye-
ckuM mokazatensM Osu1 1 2019 rox. [Motomy yposkait
CyXOro BelecTBa y crannapra CHHIOXa TOXE IIPEBBI-
wan nokasatens 2017 roga Ha 0,14 kr/m?, a aydimmu
B 2019 rony ¢ npeBbiiienueM crangapra Ha 0,68-0,08
kr/m? Ot copta banart, Basunoska (Pogauyok), ®Pe-
pakc 58, Galaxie, ®epakc 28, [Tocernas 3022, Pamo-
ciaBa, Menua, Onbra, JIngus.

CpaBHEHHE BBICOTBHI PACTCHUH JIOICPHBI B IEp-
BOM YKOCE U KOPMOBO# MPOIYKTUBHOCTH B IIEJIOM 3a
2019 rox (Tabn. 3) moka3kIBaeT, YTO MPSAMOU 3aBUCH-
MOCTH MEXJIYy ITHMH BEIMYMHAME HE HaOIIOmaeTcs.
Hanpumep, copt Gelaxie, KoTopsIii ObIIT CaMBIM BBICO-
KOPOCJIBIM ¥ TIPEBBIIIAT CTAHAAPT Ha 12¢M, TIo yposkato
CyXOTO BemecTBa ObIT TOMBFKO Ha YETBEPTOM MecCTe, a
copta Onbra m Menus, KOTOpbI€ IPEBBIIIATN CTAHAAPT

Ha 9cM, TI0 YPOKA0 CyXOro BEIIeCTBa OBUIN TOJIBKO Ha
BOCBMOM U CEABMOM MecTax. Bce ke amst cenekunu
COpPTOB, KOTOPBIM MOJDKHBI OBITH MPUCYIIM 3TH 00a
NpU3HaKa, JOHOpaMU MOTYT OBbITh 00pas3libl, KOTOPbIE
IO BBICOTE PACTEHUI M ypO)Kalo CyXOro BellecTBa 3a
TPU TOAa HCCIENOBAaHMWN JIOCTOBEPHO IPEBBIIAIN
crannapt: banar, BaBunoska (Poganuok), depakc 58,
Galaxie u ®epakc 28.

Bricota pacTeHuii B IepBOM yKOCE COCTaBiIsUIa
35-57cm. Copr-ctanmapt CHHIOXY NMpEBBINIATIHA Ha 3-
12cm 17 obpasuoB (Galaxie, Omsra, Memus, Ilmato,
Jlunns, 3aiikeBnua, BasunmoBka (Pogamuok), depakc
58, Peruna, Kpacuonapckasi pannss, Pagocnasa, ba-
Hat, Kamanuuckas 930, Pocana, ®epakc 28, depakc
35, Aptemua), 9 00pasiioB ¢ BeICOTO# 43-47cM ObLTH
Ha ypoBHe ctagaaprta (ITocesnas 3022, Baxmickas 300,
3opsina, OBpuka 1, ®@nopa 2, Kumsapau 27, Kokre,
Masnsrackas, Omckas 8893), a 3 oOpasia ObUTH HIDKE
cranaapra Ha 3-10cm (CKuppyne, Tuberckasi, Omckas
192).

B menom 3a Tpm rozma mccienoBaHUi, KOTOpHIE
3HAYUTEIHHO OTIMYAINCH 110 YCIOBHSAM BBIpAIIUBa-
HUSL, JIy4YIIUMH 110 cOOpY CYXOTO BEIECTBA C €TUHULIBI

Tabauna 3

BeicoTa pacTeHnii 1 KOpMOBasi IPOJYKTHBHOCTh KOJJIEKIIMOHHBIX 00pa3uoB jrouepHu (2019 1.)

Bricora pac- Ypoxkail cyXxoro BelecTa
HazBanue CTtpaHna npoucxo- N
oOpasua KICHHS Tenuii 1-ro KI/M? xSt % x St
yKoca, cM KIr/M?

Cumnroxa (St) UKR 45 1,12 0 100
Galaxie FRA 57 1,38 0,26 123
Osbra UKR 54 1,21 0,09 108
Menus RUS 54 1,25 0,13 111
ITnaro DEU 53 1,24 0,12 111
JInus UKR 53 1,20 0,08 107
3aiikeBuya UKR 53 0,98 -0,14 87
Basuioska (Poganyok) UKR 52 1,73 0,61 155
Ddepaxc 58 CAN 52 1,46 0,34 131
Peruna UKR 52 0,98 -0,14 88
KpacHoznapckast panHsis RUS 50 1,00 -0,12 90
Pagocnasa UKR 49 1,24 0,12 111
Banar SER 49 1,80 0,68 160
Kamanunckas 930 RUS 49 1,15 0,03 103
Pocana UKR 48 1,14 0,02 101
depakc 28 CAN 48 1,33 0,21 119
depakc 35 CAN 48 0,93 -0,19 83
Aptemua RUS 48 1,12 0 100
Ilocesnas 3022 UzB 47 1,29 0,17 115
Baxmickasg 300 TIK 47 1,12 0 100
3opsina UKR 46 1,19 0,07 106
Oppuka | UKR 46 1,16 0,04 104
dyopa 2 RUS 45 1,06 -0,06 95
KumiBapam 27 HUN 45 0,79 -0,33 70
Koxkie KAZ 44 0,63 -0,49 56
Maunsbryckas RUS 43 0,88 -0,24 79
Omckas 8893 RUS 43 0,82 -0,30 73
XKugpyne LTU 42 0,69 -0,43 61
Tuberckas KAZ 41 0,59 -0,53 53
Omckas 192 RUS 35 1,11 -0,01 99
HCP o05 2,52 0,063
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IUIOMIAAN B CPAaBHEHUH CO CTAHIAPTHBIM COPTOM
Cumroxa ( B Kr/mM? U B IIporieHTax) 6bl1u copTa BaBu-
noBka (Pomnmuok) (0,34 u +31%), banar (0,28 u
+26%), ITocernast 3022 (0,14 u +13%), Omnbra (0,12 u
+11%) u Tpu copra Depaxc 58, Galaxie u OBpuka 1 ¢
nokazareiasamu 0,11 u +10%.

ITo yposkaro cyxoro BemiecTBa CTaHAAPTHEIA COPT
Cunroxy npepbsimanu 12 obpasios Ha 0,07-0,68 kr/m?
win Ha 6-60% - banar, Basumoska (Pogamdok),Omnbra,
Jupus, 3opsna, PagocnaBa, depakc 58, depaxc 28,
Menus, Galaxie, [ToceBrast 3022, [Tnaro. Eme 7 06pasz-
IIOB TI0 ATOMY ITOKAa3aTelio OBLIH Ha YPOBHE CTaHAAPTA.

CoBceM 10 ApyroMy IOTOIHBIEC YCIOBHUS BIUSIIN
Ha (hopMupoBaHue ypoxas ceMsiH (tabi. 4). Hanbonee
0J1aronpUsATHBIM IO ATOMY ITOKa3aTesto okazaucs 2017
TOJI.

OnTuManbHas TeMIIepaTypa B Mae-HIOHEe, KOTOpast
ObLTa OJTU3KA K CPEJHAM MHOTOJICTHHM TIOKA3aTeNsIM,
U HEJIOCTATOYHOE KOJUYECTBO OCAJKOB B 3TH MECSIIBI
(cooTBeTcTBEHHO -39MM 1 -35MM K CpegHEMY MHOTO-
JIeTHEMY) OJarompHUATCTBOBAIH ONBUICHHUIO U 3aBS3bI-
BAaHUIO CEMsH, a TEIUIas M cyXas OCeHb obecredmia
HOpMaJIbHBIE YCIOBHS I cOOpa ypoxas.

[Todtn moj0BMHA U3 HCCIIEAYEMBIX 00pa3IOB Cy-
IIECTBEHHO IMPEBBICHIN CTaHAAPTHBIN copT CHHIOXY,
KOTOPBIH C(OPMHUPOBAT TOBOJIBHO BBICOKHI ypoOXkai
cemsiH — 47,0 r/m? (0,47 1/ra). Beicokuii ypoxaii ceMsiH
6bL10 TI0JTy4eHo y copToB Tuberckas (77,0 r/m?), Ku-
wBapau 27 (70,4 r/m?), Kunpyne (67,9 r/m?), Depakc
58 (63,0 r/m?), Panocnasa (62,5 r/m?), Onbra u Basu-
noska (Poxauuok) (61,5 r/m? ), Galaxie 60,2 r/m?),
®nopa 2 (57,9 r/m?), Omckas 192 u Depuka 1 (53,3
r/m?), Inaro (52,5 r/m?), Banar (51,3 r/m?).

B HeGnaronpusTHBIN A1 GOPMHUPOBAHMS CEMSH
2018 rox y copra CuHIOXa OBUIO MOIYYEHO TOJIBKO
6,07 r/M?, 4TO TIOYTH B § Pa3 MEHbIIE B CPABHEHHH C
2017 romom. Tompko 2 copTa Obuld OoJiee ypo-
JKaltHBIMU 32 cTanaapT — Depaxc 58 (6,57 r/m?) u De-
pakc 35 (6,53 r/m?).

[Tpnbnu3uTenbHO TaKas ke CUTyauusl HadJojaa-
nmack 1 B 2019 roxy. XoTs ypoxail copra-craHmapra
CuHroxa ObLT TOYTH B 3 pa3sa Beime, yeM B 2018 roxy,
HO B cpaBHeHUN ¢ 2017 rogom oH OB B 2,7 pa3a HIUXKE.
Tonbko 3 copra

Tabmuma 4
CeMeHHas NPOAYKTUBHOCTh KOJUIEKIMOHHUX 00pa3ios jmonepHs! (2017-2109 rr.)
YposxaifHOCTb CeMsH, I'/M?
Hazpanue Crpasia npo- Cepennee

obpaszua HEXOMACHILS 00~ 2017r. | 2018r. | 2019T. 20117'7_112[019 *- % K

pasua o K St St

Cunroxa (St) VYkpauna 47,0 6,07 17,3 23,5 0,0 100
Owmckast 8893 PO 21,6 0,23 5,3 9,0 -145 38
Masbruckas P® 27,0 0,60 6,0 11,2 -12.3 48
Tuberckas Kazaxcran 77,0 1,73 6,8 28,5 5,0 121
Koxkie Kazaxcran 31,0 2,50 30,3 21,3 22 90
Kpacnonmapckas panusis | PO 37,0 1,87 11,0 16,6 -6,9 71
Basunoska (Poganuok) | Ykpauna 61,5 2,07 15,0 26,2 2.7 111
IoceBnas 3022 VY36ekncran 32,2 0,90 5,0 12,7 -10,8 54
3opsiHa YkpauHa 42,0 1,07 74 16,8 -6,7 72
Jinis Ykpauna 47,5 2,83 18,0 228 -0,7 97
Ospra Ykpanna 61,5 4,47 13,4 26,5 30 113
Kumsapam 27 Benrpus 70,4 3,80 9,0 27,7 42 118
depakc 35 Kanana 36,3 6,53 15,0 19,3 42 82
EBpuka 1 PO 53,3 2,07 10,0 21,8 1,7 93
3aiikeBuua Ykpanna 46,2 2,30 4,0 17,5 -6,0 74
Pocana VYkpauna 431 1,97 11,8 19,0 45 81
Panocnasa Ykpanna 62,5 5,97 16,0 28,2 47 120
Perina Yxpanna 47,3 3,90 1,4 17,5 -6,0 75
Kamanuackas 930 PO 49,5 0,30 6,5 18,8 4,7 80
Owmckas 192 PO 53,3 3,83 8,2 21,8 1,7 93
Baxmuckas 300 Tamxukucran 33,0 0,37 0,8 11,4 2121 48
Kunpyne JlutBa 67,9 3,73 24 31,9 8,4 136
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®nopa 2 PO 57,9 3,67 16,4 26,0 25 111
Aptemuna PO 37,7 2,50 3,6 14,6 -8,9 62
Menus P® 38,5 1,20 12,3 17,3 -6,2 74
depaxc 28 Kanana 38,1 4,53 9,4 17,3 6,2 74
Depaxc 58 Kanana 63,0 6,57 20,0 29,9 6,4 127
[Tnaro I'epmanus 52,5 5,07 4,3 20,6 2.9 88
Galaxie Opannus 60,2 6,03 4,6 23,6 0,1 100
banat CepOus 51,3 4,57 50 20,3 -3,2 86
HCP o005 2,56 0,16 0,56

CYIIECTBEHHO TMpeBbImaan craHmapt — Koxiie
(30,3 r/m?), Depaxc 58 (20,0 r/m?) u Jlupus (18,0 r/m?).

HccnenoBanne ceMeHHOI MPOAYKTHBHOCTH KOJ-
JIEKIMOHHBIX 00pa3I0B B TEUEHUU TPEX Pa3HbIX 3a M0-
TOAHBIMHU YCJIOBUSIMH JIET TIO3BOJIMJIO BBISIBUTH COPTa,
KOTOPBIE B CPETHEM 32 STH T'OJBI CYIIECTBCHHO MTPEBEI-
mamu crasaapt. Ot1o XKuapyne (+36%), Pepakc 58
(+28%), Tuberckas (+21%), Pamocmasa (+20%), Ku-
mBapau 27 (+18%), Onpra (+13%) u BaBunoska (Pox-
HUIOK) (+11%). Ho 3TO mpeBhImIeHHE CIIOKUIOCH, B
OCHOBHOM, 32 CUET OJaronpHusTHOTO JUIS 3aBs3bIBAHUS
cemstd 2017 roaa. M TOJIBKO OMH U3 UCCICIYyEMbIX 00-
pasuoB - depakc 58 — kaxkaAbIH rog GOpMHUPOBAI CyIIe-
CTBEHHO BBICHIMH 3a CTaHIApT ypokail ceMsH. DTo
yKa3bIBaeT Ha BHICOKHUH a/IallTUBHBIH IIOTEHIIMAN 3TOT0
copTa, 4TO, UMOBEPHO, OOYCIIOBJICHO €ro I'eHeTHYe-
CKUMH 0coOeHHOCTSIMU (00JIee MUPOKUM JHaa30HOM
HOPMBI pEakIM{ OpraHn3Ma Ha YCJIOBHUS BbIpalliBa-
HUA).

LlenHpiMu U1 JajbHEHIIEH CENEKIMOHHOM pa-
OOTHI ecTh Takke 00pa3mpbl, KOTOpPHIE CYIIECTBEHHO
TIPEBBICHIIN CTAHAPT B CPETHEM 3a TPHU T'0J1a HCCIIEI0-
BaHMH 1O cOOpPY CYXOro BEIECTBa M YPOXKAaeM CeMsH
cootBercTBeHHO: Depakc 58 (+10% u +27%), Pamo-
cnaBa (+7% u +20%), Onbra (+11% u +13%), BaBu-
noBka (Poganuok) (+31% u +11%). Kpome Toro, atu
ke 00pa3lbl MPEBBIIAIN CTaHAAPT M0 BBICOTE pacTe-
HUl B nepBoM ykoce B 2019 roay cOOTBETCTBEHHO Ha
31%, 11%, 8% u 55%.

BbIBOJbI M NEPCIEKTHBBI JAJILHEHIINX HCClie-
posaHuii. CaMblil BBICOKHH yposkall CyXxoro BEILECTBa
B CPEIHEM 3a TPU TO/1a UCCIICAOBAHHN MOIYUYCH Y COp-
toB Basunoska (Poganuox) (1,42 kr/m?), Banar (1,36
kr/mM?) u Tocenas 3022 (1,22 xr/m?) mpu ypoxae
copra-craaapra Cumroxu 1,08 xr/m?.

He nabmromaercss ompeaesicHHONH 3aKOHOMEPHO-
CTH M@y BBICOTOM pacTeHUH B IIEPBOM YKOCE U ypoO-
JKaeM CyXOro BELIECTBa 32 BECh NIEPUO/] BEreTallnH.

Jlyqmumu 1Mo ypokaro CeMsiH ObUTH 00pasiibl
Kunpyne (31,9 r/m?), Depakc 58 (29,9 r/m?) u Tuber-
ckas (28,5 r/m?) npu yposxae cranaapta 23,5 r/m?).

Ocoboro BHMMaHUs 3aciy)uBaeT copT dDepaxc
58, KOTOPBIH 3a BCE T'OJbl UCCIEAOBAHUN CYLIECTBEHHO
MPEBEIIAN CTAHJIAPT 10 YPOXKA0 CeMSH W OBUT Ha
YpOBHE CTaHIAPTa WIIM IPEBBIIIAI €T0 110 YPOXKaIo Cy-
XOTO BEIIECTBA.

B nanbHeiiiieil cenekunoHHoM padbote OyayT uc-
MIOJIF30BAaHbI 00Pa3Ibl, KOTOPHIE CYIIECTBEHHO IPEBBI-
CHJIM CTaHIIapT B CPEAHEM 3a TPH T0Jla UCCIEJOBAHUI

1o cOOpy CyXOro BEIIECTBa M YPOIKAIO CEMSIH COOTBET-
ctBeHHO: Depakc 58 (+10% u +27%), Panocnasa (+7%
n +20%), Onbra (+11% u +13%), BaBunoska (Poxxu-
40K) (+31% u +11%). Kpome Toro, 3TH e 00pasiisl
MIPEBBIIANIN CTAHAAPT 110 BBICOTE PACTEHHH B IIEPBOM
ykoce B 2019 roxy coorBercTBeHHO Ha 31%, 11%, 8%
u 55%.

Bce BbIJeneHHbIE KOJUIEKI[MOHHBIE 00pa3ibl MO
cOOpy CyXOro BeIeCTBA U YPOXKAIO CEMSTH MU 32 KOM-
TUIEKCOM 3THX NPU3HAKOB OYAyT HCIOJIB30BAHbI B Ja-
JMBHEHIeH CeNeKIIMOHHON paboTe ¢ OIEPHON Kak J10-
HOpPBI TIPH CO3J]aHUHM BBICOKOIPOJYKTHBHBIX COPTOB
WJIA THOPHUIHBIX TTOMYJISIINAN, YCTOWYHMBBIX K IIOBBIIICH-
HOM KHCIIOTHOCTH TOYBBI.
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AHHOTAUMSA

Ha teppuropun Xabaposckoro kpast pyHKunoHHpYIOT 11 30100TBaNOB. B npenenax r. Xadaposcka B 30J10-
oTBanax xpaHurtcs 6oiree 16 MitH T 30161, Ha TOL exeroHo cxxuraeTes 10 4-5 MITH T YIUIS B CKJIAIHPYETCS OKOJIO0
600 TBIC. T 30JIOILIAKOBBIX OTXOJIOB, M3 HUX 0K0i0 300 ThIC. T mpuxoauTcs Ha Xabaposckyro TOLI-3. 3omonura-
KOBBIC OTXO/IbI CO3JAI0T OMACHOCTD 3arpsA3HCHUS OKpY)KaIOIIIGI\/‘I Cpeabl COACPIKANNMUCA B HUX TOKCUYHBIMU BC-
MIECTBAMH U TSHKEIBIMHA METaJulaMi. B 30Hax BO3AEHCTBHSI 30JI00TBAJIOB (POPMHUPYIOTCSI HEOIArOMPHUATHBIE KO-
JIOTUICCKUE CUTyallun 13-3a HBIJI€06p330BaHI/ISI, a4 TaKK€ BBIMBIBAHNS KOMIIOHEHTOB 30JIbI, ITIOITATaHUA UX B IIOYBY
U TOA3E€EMHBIC BOABI, YTO, B CBOIO OYE€PE/Ib, OKA3bIBA€T HETATUBHOC BOSZ[efICTBHe Ha paCTUTEIIBHOCTE U 310POBEE
yenoBeka. B uccnemyemoit pabote u3ydeHo BO3ACHCTBHE 30JI00TBAJIOB HA aTMOC(EPHBII BO3AYX U COICpIKaHHE
BaJIOBBIX d)OpM TOKCHUYHBIX 3JICMCHTOB B IIOYBAaX U MHOT'OJICTHUX TpaBaX, a TAKKE YCTAHOBJICHBI KOPPECIAITUOHHBIC
3aBUCUMOCTU MEXKIY COACPKAHHUEM DJICMCHTOB TSOKEJIBIX METAIIOB U ArpOXUMHYCCKUMHU XapaKTCPUCTUKaMH
IIO4YB.

Abstract

There are 11 ash and slag landfills in the territory of Khabarovsk Krai. Within Khabarovsk, more than 16
million tons of ash are stored in ash and slag landfills, up to 4-5 million tons of coal are burned annually at CHPP
and about 600 thousand tons of ash and slag wastes are stored, of which about 300 thousand tons are in Khabarovsk
CHPP -3. Slag and ash wastes pose a risk of environmental pollution with toxic substances and heavy metals
contained therein. In areas affected by ash and slag landfills, adverse environmental situations are created due to
dust formation, as well as washing out of ash components, their ingress into soil and groundwater, which in turn
has a negative impact on vegetation and human health. The study examined the impact of ash landfills on atmos-
pheric air and the content of gross forms of toxic elements in soils and perennial herbs, as well as established
correlation relationships between the content of heavy metal elements and agrochemical characteristics of soils.

KiroueBble ci1ioBa: TSOKENBIE METaJUIbl, TOKCUYHBIC 3JICMCHTDI, 3arpsAI3HCHUC IOYB, MUT'pAllUA, KOPPEIIATHUB-
Has 3aBUCHUMOCTb.

Keywords: correlative dependence, heavy metals, migration, soil pollution, toxic elements.

Beenenue MOJISKAIMX BTOPUYHOMY HCIIOJIb30BaHUIO U TpeOyIo-

Jlo cux 1op OCHOBHBIM MCTOYHHKOM HEPIMU BO  IIMX O€3011aCHOr0 3aXOPOHEHUs Ha CIICIHUAaIbHBIX IO-
BCEM MHpE SIBIIIETCS yToNbHas sHepreTruka [19]. B pe-  nuronax, 3aHUMaroIux orpoMHbIe iomann [2]. Cym-
3yJbTaTe PabOTHI IEKTPOCTAHIHK oOpasyercss 00ib-  MapHOe KoirdecTBo 31O 3aBHCHT OT BHIA TOTUTNBA H
I0€ KOJIMYECTBO 30JIOIIIAKOBBIX OTXOJOB, YaCTO HE  COCTaBIIACT NpH Cxxuranuu oOyporo yris — 10-15%; ka-
menHoro yrisi — 3-40%; antpauura u Topda mno 2-30
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%; npoB — 0,5-1,5%; mazyra — 0,15-0,2% u cnanues —
50-80% [3]. CocTaB 30J1bI 1 IJIAKOB ONPEIEIAETCS MH-
HEPAJIbHBIM COCTABOM YTJIEH, KOTOPBI 3aBUCUT OT Me-
CTOPOXK/IEHHs, TJIyOMHBI 3aJIeTaHus IUIACTOB, METOJa
J00bruM U oboramieHus [4]. 301bHOCTh UCTIOJIb3YEMbIX
yIJIeH TMOCTOSIHHO HOBBIIIAETCS, YTO B CBOIO O4Yepellb
YBEIIMYMBACT BBIXOJI 30JIbHBIX OTXOJIOB.

ITo nanueiM ['ockomcTara Poccun, Ha 1 kBT ycra-
HOBJICHHOH MOIIHOCTH TEIUIOBBIX JJIEKTPOCTAHINN
npuxoautcs B cpeaHeM 500 Kr 30J10IIAKOBBIX OTXO-
JI0B, 00BEM HCIIOJIb30BAHMS, KOTOPHIX HE MPEBHIIIACT
JUts pa3HbIX npennpusituii 20% rogoBoro KoJIM4ecTna
[5]. Hapumep, na TIII cpemteit MOIHOCTH, paboTa-
folIel Ha HKHOACTY3CKHX YITIsIX, obpa3yercs 1o 1000 T
30761 B rox [6]. IIpu aTom cama TOII 3anumaer 200-
300 ra, a iomanb 30J100TBaNa yepe3 10 et skcmya-
Taluu TeruodnaekTpocrannuu gocturaer 800-1500 ra
[5].

30J100TBaBl  PACMONATAIOTCS BOJHU3U OOJNBIIHX
TopozoB (a HepenKo B yepTe ropoaa). Bosunkaer npo-
6nema nedopmariy MOBEPXHOCTH U U3MEHEHHUS PElb-
eda, 9To crmocodcTByeT (OPMHUPOBAHUIO TEXHOTEHHO-
TpaHC(HOPMHUPOBAHHBIX JAHAMIA(TOB W YCIOBHHA pa3-
BUTHS aHTPOIIOT€HHO-TIPEOOPa30BAHHBIX IOYB — XEMO-
3¢émoB [19]. Kpome Tor0, 307100TBAJIBI, HAXOISIITHECS B
YepTe ropojia U ero MpUropojiax, sBJISIOTCS NOCTOSH-
HBIM HCTOYHHMKOM 3arpsi3HEHUsI OKpYXKAIOIIEeH Cpeibl
[1].

OCHOBHBIMU KOMITOHEHTaMH MHUHEPAIbHON YacTH
30JIBI SIBJISIFOTCSI OKCHJIBI KPEMHHS, aJTFOMHUHUS, JKene3a
1 kaneius [1]. B To xe BpeMs B 30JI0IUTAKOBBIX OTXO-
Jlax IMEET MECTO 3HaYHTeIIbHAs! KOHIICHTPALMS MUKPO-
3JIEMEHTOB (7KEeJIe30, MapraHell, MeJb, INHK, MOJINOICH
W JIp.), KOTOPBIE BaKHBI W HEOOXOIUMBI PACTCHUSIM B
MaJbIX KoiandecTBax. Ho Bce OHM MOTYT OKa3bIBaTh OT-
pHLIATEIbHOE BIMSHUE HA PACTEHMS, €CIIM KOHIIEHTPa-
IS UX JIOCTYITHBIX ()OPM IMPEBBILIAET ONpPE/IeSICHHbIE
peaciIbl. HeKOTOpBIC TAXKEIIBIE METAJJIBI, HAIIPHUMED,
pPTYTh, CBUHCI U Ka}IMI/Iﬁ OIlIaCHbI JI1 BCETrO KHUBOT'O
Jiaxe IPU HU3KUX KOoHIeHTparusx [10].

XUMHUYECKHe BEIeCTBa, IONaJalolIHe B IOYBY U3
BBIOpOCOB, cOpocoB u orxomoB TOIl, mo crenenn
BPEIHOCTH JUIsl YEJIOBEKA paszeseHbl Ha TPH Kilacca
onacHocTtH. K nepBoMy Kitaccy 4pe3BbIYaiiHO OMACHBIX
OTHECEHBI MBIIBSIK, KaJMHH, PTYTh, CEJIEH, CBUHEI,
UHK, (rop, 6er3(a)nuper. Bo BTopoii kacc BRICOKOH
OITaCHOCTH BXOIAT OOp, KOOANBT, HUKENb, MOJIHOICH,
Mellb, CypbMa, XpoM. TpeTuil Knacc onacHbIX BEILECTB
COCTaBJISIFOT Oapwii, BaHaIMii, BOIb(ppaM, Mapraseil,
crponiii U aneropenon [10]. IlpucyrcrByror B
30JI01lIaKax U paguOHYKIHUbI.

Anporennsiit BeiHoc 31110 ¢ 30100TBaNIOB 00Y-
CIIOBIIMBAET 3arpsi3HCHUE MPU3EMHOTO CIJIOS aTMO-
cdepsl, a acCCHMIIISIINS TBEPABIX YaCTHIl HA ITPUJIETra-
IOIIEH TEPPUTOPHH MPHUBOJUT K 3arpsA3HEHHIO TI0YB U
TpyHTOB 30HBI asparmu [11]. He cBs3anHbIe 4acTHIIBI
30JIbI TIPY BBICBIXAHUH OTIIOXKEHHH CTAHOBATCSI HCTOY-
HUKOM CWJIMKaTHOM NBbUIM, IO3TOMY B pailoHax pazme-
IICHUST 30JI00TBAJIOB HAOIIOMAIOTCS TBUIBHBIE OypH.
Takoe mbUTIEBOE BO3AEHCTBHE OTPAOOTAaHHBIX 30JI00T-
BAJIOB MOJKET BBI3BATh y YEJIOBEKA LIEJBINA Pz 3a00i1e-
BaHUI: OPOHXHAIBHYIO aCTMy, aJUIEPrHYecKuii OpoH-
XHT U aIeprudeckuii punur [8].

YcraHOBIIEHO, 4TO HamOoJiee HebIaronmpusTHas
9KOJIOTUYECKasl CUTYallus B 30HE BIMSHHS 30JI00TBa-
JIOB CKJIQJIBIBAETCS IO IOKa3aTeNt0 (PUTOTOKCHYHOCTH
[19] 1 o ko3 duIHEeHTy TpPEeBbIIICHHS CYyMMApPHBIX
9KOJIOTUYECKUX Harpy3oK.

B pabore 3apyOexHbIX ydeHbIX [18] ormeueHo,
YTO PUCK HETATUBHOTO BIIMSIHUS 30J100TBAJIA HA JKHUBOT-
HBI MUP W TIOBEPXHOCTHBIE BOJIBI OCTAETCS JaXKe I10-
CJIE €T0 3arOJHEHUs 10 MPEETbHBIX METOK. JTO 00y-
CIIOBJICHO TEM, YTO 3apOCIIHI 30JI00TBaj SIBISETCS
cpemoil OOWTaHMS AWKUX >KUBOTHBIX. BEISBICHHBIC
KOHLIEHTPALMH METAJUIOB, B YACTHOCTU Se, B IOBEPX-
HOCTHBIX BOJaX, PACTCHUAX M MEIKHX MIIEKOIUTA0-
MKUX, HAXOOAIUXCA B 30HC BIIMAHUA 30JI00TBaJia, 6I)IHI/I
BBIIIE IO CPABHCHUIO CO CIIPAaBOYHBIMU JaHHBIMHU.

B psine paboT oTMeuaeTcs, 4To 30J100TBaJIbI Pe/i-
CTaBJSIIOT NMOTEHIMAIBHYIO YIPO3y AJIS )KUBBIX Opra-
HHU3MOB, 3/I0POBBSI YEJIOBEKa M OKPY)KAIOIIEH Cpesbl
[21]. Bapixanue yronpHO# 30061 Ha ypoBHE 0,04 Mr/m3
aJIeKBaTHO I10 PUCKY BIMSHHUIO HOHU3NPYIOIIETO U3ITy-
gyenust B 1o3e 0,05 38 (5 O3p — T. e. B 5 pa3 Gonbie
norycTuMoro Jutsi nepconana ADC ypoBHs). leicTBy-
romwas [IJIK ans netyyelt yronbHON 307bl TOIMYCKAaeT
KaHLIEPOr€HHBIM PUCK, MHOTOKPAaTHO IPEBBILIAOIINIA
TaKOBOM OT BO3JECHCTBHUS pajudaluy Ha YpOBHE HOPM
paauanoHHON 0€30acCHOCTH.

1.MaTepuajbl M METO/AbI HCCJIEJOBAHUS
1.1.XapakTepucTuKa paiioHa UCCIeJ0BAHUS

3onootBan Xabaposckoit TILI-3 pacmonoxkeH Ha
TpeTell HaANOWMEHHON Teppace peku AMyp, MEXIY
MIPOTOKOH XoXJIaTcKasi U JIeBbIM OeperoM peku bepe-
30B0# okouto c. denopoBka. Pexa bepe3opas Bnaiaer B
Xoxnankyr OpoTOKy ¢ BEIXOJOM B p. Amyp. ITo kaue-
cTBY Boja p. bepe3oBoii kmaccuuimpyercst Kak «3Kc-
TpeMallbHO Tpsi3Has». K KpUTHYECKHUM MOKa3aTelsM
3arpsI3HEHHOCTH BOJbI OTHECEHBI PACTBOPEHHBINH KHC-
JI0POJI, a30T aMMOHUIHBIN 1 Maprauer [12].

VccnenoBaHus BHITIONHEHBI B paifoHe 30J00TBaNa
Xabaposckoit TOII-3, pa3memiennoro B 6iu3u c. de-
JopoBKka XabapOBCKOTO paiioHa Ha PACCTOSHUHU 5 KM
cesepHee mwioniaaku TOII-3 (puc. 1). Ypes p. Xoxnat-
CKOI1 OTCTOHUT OT CEBEPHOI 1aMObI 305100TBasa Ha 900
M. OOmmas ruromia s OTBeIeHHON TeppuTopuu 58,23 ra.
Xabaposckast TOLI[-3 pacmonoxkeHa B TpPUTOPOTHON
30HE K CEBEpPO-BOCTOKY OT I'. Xabaposcka. CaHHTapHO-
samuTHas 30Ha TOII coctasaser 1000 M, a 305100TBaIa
— 500 M. OcHOBHOE TOIUIMBO IS YHEPTETHIECKUX KOT-
JIOB — KAMEHHBIN yrojb HeproHrpHHCKOro MECTOPOXK-
JCHMUS.

1.2. MeToanbI moJieBbIX padoT
1.2.1.01060p Npod NOBEePXHOCTHBIX
TOPU30HTOB MOYB M PACTeHMI

[TpoOb! BEpXHHX CJIOEB ITOYBBI OTOMPAIIKCE B 30HE
BJIMSIHUSI NCTOYHMKA 3arpsisHEHUs (puc. 2.) U Ha pac-
crostany 500 M OT 30700TBaNa (TpaHMIAa CAHUTApHO-
3alIUTHOW 30HBI 30J100TBaNa). OTOOP IMOYBEHHBIX 00-
pa3loB OCYIIECTBISICS M3 HMPUKOIOK MO TCHETHYe-
CKHAM TOPU30HTaM TOCIOHHO ¢ Tiyonns! 0-20 cm u 21-
40 cMm, Maccoii He Meree 1,5 Kr kaxnapri. s n3ydenns
JUHAMHKH HaKOTUICHHS 3arpsI3HSIONINX BELECTB B pac-
TEHMSAX Ha TeX XKe MPOOHBIX yJacTKax B 30HE BIUSIHUSA
3omooTBaa TOII-3 oTOupanuch MpoObl TPaBIHUCTOM
PacTUTENBHOCTH.
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1.2.2. Onpenesienne rpaHyJIOMeTPHYECKOT0
COCTaBa MOYB
B mosieBbIX YCIIOBHSIX HCIOJNIB30BAICS «MOKPBIIDY
Croco0 ompeJeNeHs IPpaHyJIOMEeTPHYECKOr0 COCTaBa
(mo H.A. Kaunnckomy).
1.3. MeToapl 3KCIIepPMMEHTAJIbHBIX HCCIE0-

BaHUii
1.3.1. XumMuuyeckne MeToabl
OnpeneneHne  COACPKAHUS  OPTaHHUYECKOTO

BEIIIECTBA B MOYBE MIPOBEJCHO M0 MeToy TropuHa.

Ompenenerne pH B uncciemyeMblx oOpasmax
BoinonHeHo corinacHo [OCT 26483-85.

1.3.2. ®usuko-xuMuvecKne u GusnvyecKue
METO/bI

Meron aTOMHO-a0COPOLIMOHHOI CIEKTPOCKOIIHU
C UCITIOJIb30BaHNEM aTOMHO-a0COPOLIMOHHOTO CIIEKTPO-
MeTpa C JJIeKTpoTepMuueckor aromuszanuedt «MI'A-
915» u Meron IUIAMEHHOH aTOMHO-abCOPOLMOHHOMN
CIEKTPOMETPUH HCIIOJIb30BAINCH JUIS  OIPEICTICHUS
COJIepIKaHUs BAIOBBIX U KHCIOTO-PACTBOPUMBIX (hopm
TSDKENBIX METAJUIOB U IPYTUX XUMHUYECKUX DIIEMEHTOB
(Cd, Pb, Zn, As, Hg, Ni, Cu, Mn, Al, Mg, Ca, Sr, Fe, K,
Co, S) B mouBe U pacTEHUSIX.

Mero ramMma-6eTa CrieKTpOMETPHU — JIISL PAIHO-
JIOTMYECKUX ONpe/IeNIeHHI UCTI0NIb30BaJICs TaMMa-0eTa
cnekrpomerp «IIporpecc», ¢ THOMOIIBIO KOTOPOTO
OIpeJieieHa y/eNbHasi aKTHBHOCTh €CTECTBEHHBIX pa-
monykimuaoB (40K, 232Th, 226Ra) B nouse, pacte-

HUAX U 30J100TBaj1ax.
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1.3.3. CTaTHCTHKO-aHAJTUTHYECKHIT METO

B cratucTryeckoii 00paboTKe pe3yabTaToB ObLI
MPUMEHEH pacuyeT HemapaMeTPUUECKOro Kod(puim-
enta koppesiiuu Criupmena (porpamma «GeoStaty)
U PErPECCHOHHOIO aHAIM3a 3KCIEPUMEHTAIBHBIX HC-
cJe10BaHuH.

1.3.4. DKo0J10r0-re0XHMHYeCKHe UCCIIe0BAHUS

JIJs OTICHKY CTETICHU 3arps3HCHHS IT0YB HCIIOJb-
30BaNCh: KO3()(UIMEHT KOHIEHTpAIWH 3arpsi3HSIO-
IIMX BEMIECTB B IMOYBE (OTHOIICHHE CPEAHEH KOHIICH-
TpAlMK 3arpsi3HSIONICT0 BEIIECTBA B MOYBE K Tpe-
JIENTbHO-JIONYCTUMOMY COZICPIKAHUIO JTAHHOTO
BEIIIECTBA); CYMMapHBIN MOKa3aTeJIb XUMUYIECKOT0 3a-
IPSI3HEHUS TTOYB TSHKEIBIMUA METaJIaMH.

VIHTEHCHBHOCTD TOCTYIUICHHS TOJUTFOTAaHTOB M3
MOYBBI B PACTEHUsSI OLIEHUBAJIACH C TIOMOIIBIO KO dH-
IUCHTa OWOJOTHYECKOTO IOTJIONICHUS (OTHOIICHHE
KOHIICHTPALIUH 3arPSA3HSIONICTO BEIIECTBA B PACTCHUU
K KOHIIEHTPAIHS 3aIPSI3HSIONIEr0 BENIECTBA B IIOYBE).

2. Pe3yJabTaThl M 00Cy:KIeHUE
2.1. Bo3xeiicTBHe 30J100TBAJIa HA
aTMoc(epHbIii BO31yX

PacueT TekyIero mpIeBOr0 BEIHOCA U pacCEeUBa-
HUsI 30JI0BBIX YaCTHUI] B aTMOcdepe OT 305100TBana Xa-
6aposckoit TOII-3 nokazai, 4To ¢ TOBEPXHOCTH 30J10-
OTBaJIa IPOUCXOJUT BBIHOC IBUIEBBIX YacTull (Heopra-
nuueckas meutb 70-20 % SiO; (puc.3)) B KoaHueCcTBE
790,27 r/c.

e Sl s [ PO~ -~ S
1000 1500 2000 2500 3000 3500

Cartogram of the highest concentrations
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Pucynoxk 3. Kapma-cxema pacceusanus noinu neopeanuuecxou 70-20% SiO;

VY aensHas cayBaeMocTh gacTuil coctaBisieT 0,08 r/m2c. [Ipu3emHbIE KOHLIEHTpAIMK HA paccTossHuA 150 M oT
305100TBana onpenenenst 30,86 mr/m3, Ha paccrosHuu 300 M — 12,18 mr/m®, 500 m — 3,52 mr/m® u 1000 m — 0,16

mr/m (puc. 4).
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PucyHOK 4. Hpu3€MHbl€ KOHYeHnmpayuu novljieeblx 4acmuy om 3ojioomedajla

Pacuer, mpousBeneHHblli mnporpammoint «PHB-
OKomnor» nokasail, 4To ¢ yBEJINUEHUEM CKOPOCTH BeTpa
ot 2 1o 18 mM/c BEIOpOC IbLIM yBEIMYMBaeTcs B 2,6 pasa.

MakcumanbHble KOHIIEHTpAInu, (HopMHpyeMbIe
BBIOpOCaMH KOTJIOB-arperaToB, CO3JAOTCSI HA PaccTo-
ssuud 3-5 kM ot TOL-3. Brnan TOLI-3 B 3arps3HeHue
aTMoc(epbl B KOHTPOJIBHBIX TOYKAX, B KOTOPBIX OCY-
MIECTBIUICS 0TOOP MPOO MOYBHI M PACTUTEIHHOCTH, CO-
crasiuser 0-22,7 %.

2.2. YcTaHOBJIeHHE KOPPeJISTUBHBIX 3aBHCH-
MOCTeH MexXKIy coJep:KaHueM 3J1eMEeHTOB TSKEIbIX
MeTAJUIOB U arPOXMMHUYECKHMHU XapaKTepHCTH-
KaMH 04YB

PesynbraThl aHaIM3a CBSI3H MEXKILYy TYMYCOM H TSI~
KETMBIMA METaJUIaMH (BAJIOBBIE M KHCIIOTO-PacTBOPH-

- -

(s) (v)
> N/
— 0,692 e
. 0,692
N T~
T ,13/, \( /R/; -1\\1
; ) . FoAMn
‘\t'_jg YA\ humus / 0385/
- />\\ .

0467 ™ T~ —
< 0,648 ““x[f C )
( i ) 0,349 | i /J
L A =

. [ As )

\\\.\_;7//

MbIe opmbl), Mexay pH U TSDKENBIME MeTaiIaMu (Ba-
JIOBBIE ¥ KHCJIOTO-PACTBOPUMBIE ()OPMBI) ITIOKA3bIBAIOT
HaJIMYUe NMPSIMOU U 00paTHON KOPPEIISIIHOHHON CBSI3U
pa3HOii cTerneHn TecHOThl. KoppensTuBHbIC 3aBUCHMO-
CTH «TyMyC — BJIOBBIE (DOPMBI TSDKENNBIE METAIBI U
cepa» (BepXHHMII TOYBEHHBIN TOPU30HT) IIPUBEICHBI HA
PHUCYHKE 5.

IIpuBeneHHbIE TaHHBIE IOKA3BIBAIOT, YTO MpsIMast
KOPPEALMOHHASL CBSI3b HAOIIONAECTCSI MEXIY COAEp-
JKaHUEM TryMyca B IIOYBE U COJCPIKaHHEM 3arps3Hsio-
IIMX BellecTB (BajioBbie (hOopMbI) Ut psiaa (1o yObIBa-
HHIO Koaddurenta koppemsiuun): S —V — Cu — Ni —
Mn — As— Hg; obpartHast — COOTBETCTBEHHO JUI psiaa
Sr—2n.

/’/ \\
l/. — _\‘ II-"/ \ ./_.———w .\\
(Zn )+  humus — Sr /
\\‘ ,// \\ / N
-0,148 N S -0,335

Pucynox 5. Koppensyuonnule niesiobt «2ymyc — 8aiogule (hopmbl msicEnblx Memaiiios u cepay

Jnst Kncnoro-pacTBOpUMBIX (popM (BepXHHI TOYBEHHBIH TOPU3OHT) (PHC. 6) MOXKHO MOCTPOUTH CIIEYIOIINI
psia (o yObIBaHHIO KO3 dHUIMEHTa KOppesinm): npsiMas KoppensunorHas cesizb Cu — Mn — Ni — V —Pb — As,

obparnas — Sr —Cd — Co.

e N —

fi -y ™ — T
\\._P l_a_)(J' 225 I{\ V Pl '/" \\\ -
N 0,28 [ Co \_| hlll_'lluS L /Cd j
0126 R, Y | [
S~ '““\\' < e — ~— N\ // —
( As )— (Mn) 0,104 - -0,12
" \ humus 0sea v ) T
0,341 " ™ A~ pre—
9330 ~— — — [ Sr
d o 0,753 T~ ~ k\ 0,247
( Ni { ) ~
S ~—

Pucynok 6. Koppensiyuonnvie niesobl «2ymyc — KUCIOMO-PACmMEopumble (hopMbl MANCENbIX MEMALI08

Paznuuus B koaunreHTax Koppesnsiiuu Jyis Ba-
JIOBBIX M KHCJIOTO-PACTBOPHMBIX (OPM TSDKENBIX Me-
TAJUIOB MOTYT OBITh OOYCIIOBJICHBI BIIMSIHUEM psijia
(akTOpOB, ompenensromux noaBmwxHOCTE TM (Benu-
ynHbl pH, crierduyecknx CBOMCTB TSHKENMBIX MeTai-
JIOB, MOHHOU (POPMEI H Jp.).

AHanu3 NpUBEICHHBIX JTaHHBIX MOKA3aJl, 4TO IS
BaJIOBBIX ()OPM METAJUIOB HaMOOJIee XapaKTepHa Mpsi-
Masi yMepeHHast KOppesITUBHAs CBsi3b ¢ rymycom (Cd,
Mn — BepxHWUiA CITIOM, BaIOBast M KUCIOTO-PAaCTBOPHMAs
¢dopmer, AS). Criabast KOppeIAIUOHHAS CBSI3b OTMEYCHA
Jutst Min (HIKHHH CITOM, BaJIOBast U KUCIIOTO-PacTBOPH-
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Masi hopmsl), Zn (BasoBas popma). {7t MeTu ycTaHOB-
JIeHa IpsAMasi yMepeHHasl U 3HauuTeNbHast CBA3b (BaJIO-
Bas (opMa) M 3HAYUTEIbHAS M CHIBHO BBIPAKCHHAS
(kucnoro-pactBopumas ¢opma). Pazdbpoc 3HaueHwmi,
HaJIM4HE TIPSMON U 00paTHOM KOPPEIATHBHBIX CBSI3EH
y Cd, Co, Sr, Zn 06ycoBieHbl, BEPOSITHO, BAMSHUEM
TPaHyJIOMETPHUYECKOTO COCTaBa M OKHCIUTEIHHO-BOC-
CTaHOBUTEIBHOTO MOTEHIMAa MOYB, Pa3HOW CIOCO0-
HOCTBIO TSDKENBIX METAJUIOB K KOMILIEKCOoOoOpa3zoBa-
HHIO, UX B3aUMOJICHCTBHEM.

Takum o00Opazom, I KHCIOTO-PaCTBOPHMBIX
(hopMm MeTaioB Hanboee XxapakTepHa yMepeHHast 00-
patHas KoppensiTHBHas cBs3b ¢ pH: BanoBas Qopma,
BepxHUi ciori — Hg, Ni; BanoBas hopma, HIOKHHUNA CI0H

— 'V, Ni; kucnmoro-pactBopumas Gpopma, BEpXHHUH CIIOH
— Co, Mn, Zn; kucnoro-pactBopumas hpopma, HHKHUHA
cioit — Cu, Sr, Ni. YMepeHHas psiMasi KOppesITHBHAS
CBSI3b OTMEUYEHA ISl BalIOBOI (hOPMBI, BEpXHUI CIION —
V, Hg; nms Kucioto-pacTBOpuMoi (HhOPMBI, HIDKHHHA
cIoii — Sr.

2.3. Conep:kanue BaJoOBBIX (JOPM TOKCHYHBIX
3J1eMeHTOB B NMOYBaxX

JleTanbHbBIl aHaIM3 3JIEMEHTHOTO COCTaBa 30-
JIONUIAKOBBIX ~ OTXOJOB 30JI00TBana XabapoBCKOM
TOLI-3 mokaszan HaNW4Ke B HUX 3HAYUTEIHLHOTO KOJIH-
YeCTBa JKeJle3a, KAJIbIHA, KaJlisl, MarHus, aJfOMUHHA,
Maprasiia, CTpOHIUS, LIMHKA, CBHHIA, HUKEIS U KO-
Oanpra (Tabm. 1).

Tabnwuma 1.
XuUMHUYECKH cocTaB 305100TBana Xabaposckoi TOILI-3, Mr/kr

I'ny6uHa paspesa (cm) Mg Al K Ca Co
0-19 cm 5221,4 1205924 11570,3 10330,6 10,75
19-37 cm 6680,8 120510,4 12131,3 10242,2 11,05
37-60 cm 5114,5 94878,7 135914 15298,6 11,07
60-70 cm 5638,1 80354,2 14074,8 8886,0 11,17

I'ny6uHa paspesa (cm) Sr Pb Cd Ni Zn
0-19 cm 402,92 61,93 0,30 25,86 74,54
19-37 cm 405,70 65,54 0,28 23,93 78,26
37-60 cm 409,33 45,58 0,21 29,73 58,11
60-70 cm 285,56 19,90 0,08 28,91 48,03

B cBs3u ¢ Hanu4meM B 30JI0IIIAKAaX IIHPOKOTO
crektpa snemenToB I, II u III knaccoB omacHocTH, B
TIOYBE OTPECITICHO CoAep KaHne HanOOoJIee MaCCOBBIX H
tokcuuHbIX U3 HUX: Cd, Pb, Zn, As, Hg (I xiacc omac-
Hoctn); Ni, Cu (II kiacc omacHoctn); Mn, V (I1I kmace

onacHoctH). Conep)kaHue TOKCHYHBIX 3JIEMEHTOB B
BEPXHUX IIOYBEHHBIX T'OPU30HTAX BO3JIE 30J00TBaJa
(Touku Ne 1-13) mpencrasieHo B Tabmimie 2.

Tabmuma 2.
CojeprxaHue BTOBBIX (OPM JIEMEHTOB B MOYBAX B 30HE BIIMSHHUS 30JI00TBaJA
Touxu oTrbopa Pb Cd As Ni Zn Cu Hg Mn S V
1(0-20 cm) 30,70 | 0,70 | 151 | 22,75 | 10,47 | 46,27 | 0,021 | 1565,10 | 1893,23 | 65,49
1(21-40 cm) 2535 | 1,00 | 2,17 | 1355 | 1532 | 20,89 | 0,015 | 1812,32 | 1370,03 | 84,87
2(0-20 cm) 26,30 | 0,70 | 1,76 | 0535 | 14,72 | 64,80 | 0,018 | 1235,77 | 1322,90 | 82,68
2(21-40 cm) 21,20 | 0,85 | 1,37 | 14,05 | 10,06 | 16,16 | 0,013 | 1700,89 | 199256 | 81,10
3(0-20 cm) 26,05 | 1,35 | 1,49 | 51,80 | 07,95 | 16,23 | 0,019 | 1513,64 | 1464,68 | 73,43
3(21-40 cm) 22,60 | 0,32 | 0,28 | 52,18 | 14,35 | 02,10 | 0,010 | 1525,66 | 1102,94 | 82,13
4(0-20 cm) 27,10 | 0,78 | 1,13 | 50,25 | 20,26 | 05,77 | 0,012 | 1862,14 | 1547,32 | 84,16
4(21-40 cm) 3350 | 055 | 0,86 | 10,05 | 22,85 | 13,70 | 0,017 | 1558,41 | 1501,58 | 82,87
5(0-20 cm) 31,85 | 0,10 | 0,60 | 08,65 | 05,71 | 10,51 | 0,02 | 1283,97 | 1778,93 | 19,24
5(21-40 cm) 21,65 | 0,24 | 0,21 | 06,45 | 17,27 | 01,80 | 0,013 | 1298,27 | 1824,14 | 21,89
6(0-20 cm) 3515 | 1,05 | 2,40 | 05,25 | 09,15 | 12,96 | 0,023 | 1768,82 | 1823,36 | 56,29
6(21-40 cm) 82,85 | 2,65 | 2,92 | 04,50 | 06,35 | 10,78 | 0,029 | 1523,46 | 1603,40 | 49,38
7(0-20 cm) 39,40 | 1,15 | 2,48 | 01,95 | 04,09 | 17,72 | 0,027 | 1926,99 | 1749,31 | 4545
7(21-40 cm) 07,65 | 0,70 | 2,80 | 06,00 | 08,28 | 25,52 | 0,007 | 1364,32 | 1884,35 | 42,70
8(0-20 cm) 26,70 | 0,90 | 0,77 | 16,20 | 12,35 | 18,94 | 0,014 | 1638,83 | 1793,09 | 44,09
8(21-40 cm) 20,10 | 055 | 0,37 | 03,41 | 02,12 | 08,44 | 0,008 | 1687,80 | 1760,57 | 61,67
9(0-20 cm) 39,05 | 0,35 | 0,54 | 03,85 | 30,67 | 01,90 | 0,022 | 1614,01 | 1605,86 | 64,98
9(21-40 cm) 4230 | 043 | 0,42 | 08,05 | 28,20 | 06,61 | 0,024 | 1537,51 | 1550,13 | 68,09
10(0-20 cm) 3570 | 032 | 0,74 | 11,85 | 32,89 | 01,45 | 0,021 | 1776,99 | 1449,04 | 64,33
10(21-40cm) | 38,70 | 065 | 0,84 | 1165 | 16,28 | 01,63 | 0,026 | 1634,87 | 1523,69 | 66,12
11(0-20 cm) 8485 | 3,35 | 2,27 | 05,85 | 11,00 | 13,37 | 0,031 | 1787,71 | 1590,39 | 61,27
11(21-40cm) | 2350 | 0,85 | 1,03 | 0510 | 13,94 | 06,48 | 0,019 | 177554 | 1656,23 | 67,11
12(0-20 cm) 16,45 | 049 | 164 | 01,25 | 09,37 | 05,33 | 0,010 | 1628,76 | 1520,55 | 38,36
12(21-40cm) | 31,75 | 1,10 | 1,69 | 09,35 | 11,18 | 43,08 | 0,022 | 1333,33 | 1821,05 | 64,21
13(0-20 cm) 16,70 | 145 | 1,80 | 10,00 | 12,18 | 11,15 | 0,011 | 1657,57 | 1422,73 | 43,94
13(21-40cm) | 26,65 | 090 | 1,21 | 41,40 | 74,80 | 05,60 | 0,017 | 1871,64 | 1868,10 | 61,70
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AHanu3 MpeaCTaBICHHBIX JAaHHBIX MTOKAa3al, 9To:
TOKCHUYHBIE DJIEMEHTHI 110 YOBIBAHUIO CPETHETO UX CO-
Jiep>)KaHHs B ITOYBaX MOXKHO PacIlONOXKUTh B CIIENYIO-
U psJ: cepa — MapraHel] — CTPOHIIMN — BaHaauil —
CBUHEIl — MEJIb — HUKEIb — MBIIIBSIK — KaAIMUN — PTYTh.

2.4. Coaepxanue paJMoOHYK/JIUAOB B MOYBaxX

[Ipy meIIeHUH 30700TBaJIa M BBICA)KUBAHUM M3
BeIOpocoB TOLI-3 pannoHYKIHMIBI HAKAIUIMBAIOTCS B
TTOYBEHHO-PACTUTEIFHOM TIIOKPOBE, YeMYy CII0CO0-
CTBYIOT CBOCOOpa3HBIE IOYBCHHO-KIMMATHICCKUEC

VienbHad aKTHBHOCTB, BK/KT

0COOCHHOCTH pETrHOHAa. Y7enbHas aKTUBHOCTH €CTe-
cTBeHHbIX paanonykinunos (40K, 232Th, 226Ra) B 30-
JIOUIJJAKOBBIX ~ OTXOJlaX 30JI00TBajia XabapoBCKOU
TOII-3 usmensiercs B cnenyromux npeaenax: 40K — ot
124,7 no 403,5 bx/kr, 226Ra — ot 21,8 mo 81,75 br/kr,
232Th — or 25,65 no 105,1 Br/kr (puc. 7). B cBsizu ¢
STHM SIBIIICTCS aKTYAIBHBIM BBISBJICHUE COJICPKAHUS U
HAKOIUICHHUS CCTECTBCHHBIX paJuoHYyKIHIOB (40K,
232Th, 226Ra) B mouBax 30HBI BIUSHHUS 30JI00TBAIA B
COTIOCTABJICHUH C COACpP)KaHNEM X B TIOYBaX, HE IO/~
BEP)KEHHBIX TEXHOTCHHOMY BO3JICHCTBHIO.

226Ra

EcTecTBEHHBII P agHOHY KITHT

Pucynox 7. Cooepoicanue paduonykiudos 6 paspese Ha 30100meae

YaenpHas AaKTHBHOCTH €CTECTBEHHBIX paIHo-
HYKJIHJIOB B MOYBAX 30HBI BIUSHUS 30JI00TBAJA MMOKA-
3aHa Ha PUCYHKE 8, U3 KOTOPOro CIIEAyeT, YTO: B MO4-
Bax 30HBI BIMSIHUS 30JI00TBaJIa yJeIbHAs aKTHBHOCTh
232Th cocrasimsieT Ha Tiry6uae 0-20 cM ot 18,3 10 69,3

13— 80—

g (-20cn el 21-40 cm

e ()-20 cv ==l 1-40 cm

Bx/kr, a Ha rmyoune 21-40 cm — ot 9,5 mo 64,2 Br/kT.
VnensHast aktuBHOCTE 40K KOIIEOMIETCS B BEpXHEM TO-
pusonte ot 173,1 mo 908 br/kr, B HIKHEM — OT 218 110
961 Bbr/kr, 226Ra — B cnoe 0-20 cm Bapeupyer ot 3,7
1o 57,4, B cnoe 21-40 cm — ot 14,3 no 53,8 Br/kT.

e ()-20cnv esfifmm21-40 ch

a) mopuii-232 6) kanuii-40 ) paouii-226
Pucynox 8. Cooeparcanue paduonyknudos 6 nouge 8 3one 1usHusa 30100meand, br/ke

CpaBHEHHE COCPIKAHUSA PATUOHYKIHIOB B MOY-
Bax B 30HE BJIMSHUSA 30J100TBaja U ()OHOBBIX 3HAYCHUI
MOJITBEPIMIIO TEXHOTCHHBIN MPUBHOC PATHOHYKIUIOB
B 30HC BJIMSHUS 30JI00TBAJia: CPEIHEE COJICPKAHUE
232Th Beime B 2 pasa, 226Ra—B 1,5 pasa, 40K — 8 1,6
pasa.

Vaenenas aktuBaocTh 40K, 232Th u 226Ra B
MoYBax, pacnoyioskeHHbIX B 500 M OT 305100TBaa, B I1ie-
JIOM HIDKE, YeM B 30HE BIUSHHS 30JI00TBasa (puc. 9),
4yT0 00ycyoBiIeHo pH MOYBBI U OCOOEHHOCTSIMH BOJ-
HOTO M IPOMBIBHOT'O PEKUMOB.
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Pucynox 9. Cooeporcanue paduonykiudos 6 nouee Ha epanuye CaHUmapHo-3auumuou 301vl 3o10omeana, br/xe

CpaBHEHHE COAEPKAHUSI E€CTECTBEHHBIX paJHo-
HYKJIMJIOB B ITOYBax Ha pacctosHuu 500 M OT 307100T-
BaJIa ¥ KOHTPOJIBHBIX TOYEK MTOKA3aJI0, YTO X CPEIHNE
BesinunHbI Beie: 232Th B 1,74 pa3a. Y nenbHas akTHB-
HocTh 40K M3MeHseTcsl He3HAUUTENbHO.

Takum o00pa3om, SKCHEPUMEHTAIFHO HOATBEP-
JKJIeH T€XHOTEHHBII MPUBHOC PaJMOHYKIHIOB B 30HE
BIIMSIHUA 305100TBaja. CollepkaHHe eCTeCTBEHHBIX pa-
muonykinaoB (40K, 226Ra u 232Th) Brimie aHanornd-
HBIX TIoKa3zarenei mo Poccun (40K — 520 bx/kr, 226Ra
— 27 bx/kr, 232Th — 30 bx/kr) [147, 148].

2.5. Copep:xaHue 3JIEMEHTOB M PAJUOHYKJIH-
JI0B B MHOTOJIETHUX TPaBax

[oBblmenue coiepikaHusl TSOHKEIBIX METaUIOB B
OKpY>Kalolleld Cpeie CONMpPOBOXKIAETCS WX HAKOILIe-
HHEM B PACTEHUSIX, YTO OKa3bIBAE€T HETaTUBHOE BIIHS-
HHE Ha POCT, Pa3BUTHE U IPOJYKTHBHOCTD ITOCIIEIHUX.
B cBs13u ¢ 3TUM H3y4eHO HAaKOIUIEHHE ITOJUTIOTAHTOB B
MHOTOJIETHUX TpaBax (pasHOTPaBHO-0000BO-371aKOBas
PaCTUTENHLHOCTD), OTOOPAHHBIX B KOHIIE BETeTaIMOH-
HOTO Teproja, Ha TeX e MPOOHBIX y4acTKax IOYB B
30HE BIMSHUS 305100TBana Xabaposckoit TOLI-3, rae
MIPOBOJIMIINCH HCCIIEIOBAHHMS HAKOIUICHHS TSDKENBIX

METAJUIOB, PAAHOHYKJIHIOB F IPYTUX XUMHUIECKUX dJI€-
MEHTOB.

W3BeCcTHO, 4TO XUMUYECKUI COCTAB PACTEHUM OT-
pakaeT »SJEMEHTHBIH cocTaB TmoYB. I30BITOUHOE
HAKOIUICHHE TSDKEIBIX METAJUIOB PACTEHHAMHU O0y-
CJIOBJICHO, MPEXKJIC BCETO, MX BEICOKUMHU KOHI[CHTPAIIH-
ssmu B TtouBax. CornacHo [63] Kk MakpolJIeMeHTaM OT-
HECCHBI KaJWii, KaJbIUi, a30T, Marauid, ¢ocdop,
MHKPORJIEMEHTAaM — JKelle30, MapraHell, MeIb, IIHUHK,
oop.

CopeprkaHue MaKpOdJIEMEHTOB B MHOTOJIETHUX
TpaBax Ha MOYBax B 30HE BIMSHHUS 30JI00TBaJIa MOKa-
3aHO B Ta0OHIIE 3.

AHanu3 TaHHBIX MTOKa3ajl, YTO MAaKPOIJIEMEHTHI 1O
YOBIBaHHIO UX COACPIKaHUSA B MHOTOJICTHHX TpaBaxX Ha
MOYBax B 30HE BIIMSHUSA 30JI00TBaJIa MOXKHO PaCIofo-
JKUTB B CIEIYIOIIMNA Psijl: KUK — KaJIbLIUK — MarHui.

MHUKpPO3JIEMEHTBI B MHOTOJICTHHX TpaBax IOYB B
30HE BIHSIHHS 30JI00TBaJla HAKAIUIMBAIOTCS HE PaBHO-
3HauHO (puc. 10). [To yObIBaHHIO MX CPEIHEro CoMep-
JKaHWSI MOJKHO BBEICTPOUTH CIICIYIOIIUH Psf: MapraHell
— CTPOHIUI — ITMHK — HUKEJIb — CBHHEI[ — MEIb — KO-
0ambT — KaAMUAN — PTYTh — MBIIIBSIK. MBIIBSIK B MHO-
TOJIETHUX TpaBax MPaKTHUECKU HE OOHAPYKEH.

Ta6muma 3.

COI[Cp)KaHI/Ie MaKpOSJIEMEHTOB B MHOT'OJIETHUX TpaBax IIOYB B 30HE BIIMAHUA 30JI00TBaJIA, MI/KT CyXOﬁ MaccChI

Makpossiement Touku oTbopa pod
1 2 3 4 5 6 7
Marsuii 431,82 928,74 1390,48 1338,76 579,12 1741,53 1684,97
Kanui 4994,65 6945 5814,25 31110,4 | 146584 21817,4 33634,9
Kanbuuii 1873,13 2445,78 2819,08 1666,39 | 2480,44 2938,52 3328,06
Makpossiement Touku oTbopa pod
8 9 10 11 12 13
Marsuii 961,06 1753,44 1260,15 1824,29 949,04 868,74
Kanui 23841,2 27402,7 26301,4 38968,8 | 22435,3 24373,1
Kanbuuii 291246 4115,27 2777,01 4012,94 | 2659,62 2785,8

Conepxxanne mukposnementoB u Cd, Pb, Hg B
MHOT'OJIETHUX TPaBaX M3MEHSETCs B CIEAYIOIIUX Ipe-
nenmax: Mn — 55,92-472,11; Co — 0,13-0,63, Cu — 0-
5,15; Zn — 8,33-48,07; Ni — 1,36-4,13; Sr — 21,48-
509,15; Cd - 0,02-0,45; Pb — 0,24-2,77; Hg — 0,005-
0,017 Mr/kr cyxoi Macchl.

Mupokuil uHTEpBal W3MEHEHHs NOKa3arenel
00ycIoBIeH pa3sHOOOpa3neM NOYBEHHBIX YCIOBHUiA, Ba-
PBMPOBAaHMEM pACHpENCNICHNSI TSDKENBIX METAUIOB B
MOYBE, OCOOEHHOCTAMH INPOMBIBHOTO PEXHMa U MH-
rpanyy TSHKEIBIX METaJUIOB, aHTarOHU3MOM TSDKEIBIX

METAJUIOB MEXIY COOOH U C AIeMCHTAMH [TUTAHUS, BH-
JTOBOH CIIEIM(PUIHOCTHIO PACTCHHM, BXOAIINX B OO,
B OTHOIIICHUW HAKOIUICHHUS TSDKEIBIX METAJUIOB, BHYT-
PHBHIOBBIM HOJIUMOP(U3MOM, CIIOCOOHBIM IPOSIBUTH
ce0sT W IpU TEXHOTCHHOM 3arps3HCHUM IMPHPOTHON
Cpelbl, a TAKK€ HEKOPHEBBIM IOTJIOIICHHEM H3 BO3-
JTYITHBIX TOTOKOB.

Oco0EHHOCTH HAKOIUICHHUS IOJUIFOTAHTOB B MHO-
TOJETHUX TpaBaX Ha TPAHWIE CAHUTAPHO-3alIMTHOU
30HBI 30J100TBaIa Xabaposckoit TOII-3 mokasaHbl B
Tabauue 4.
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Ta6muma 4.

DOneMeHTHBIN cocTaB pacTeHnH Ha paccTogHu S00 M 0T 30J100TBaAIA

XUAMAYECKHH dIIe- CopeprkaHue IIeMEHTa, MI/KT XUAMAYECKHH dIIe- CopeprkaHue IIeMeHTa, MI/KT
MEHT CYXOro Beca MEHT CYXOro Beca
Mg 3701,32 Cu 5,46
Zn 12,16 Sn <0,001
K 69733,4 As <0,001
Ca 6269,69 Sr 121,04
Mn 24,74 Cd 0,04
Co 0,24 Hg 0,002
Ni 0,92 Pb 0,41

AHanu3 MaHHBIX MOKa3ajl, 4YTO COJEpiKaHue dJie-
MCHTOB IIMTaHUA Mar”Huvsd, KaJusd U KaJIbI[Usd B pacTe-
HUSIX, PACTYIIUX Ha OypBIX JIECHBIX MOYBAX Ha PaccTo-
ssHuM 500 M OT 30J100TBaIa, BHIIIE, YEM B MHOT'OJICTHUX
TpaBax B MpeJlelax CaHUTAPHO-3aIUTHONW 30HBI 30J10-
oTBasia. BeIcOokoe coliep:kaHue KajbIUsl MOXHO CBS-
3aTh C TEM, UYTO OH OTPaHUYMBAET MOCTYIJIEHUE APYTUX
WOHOB B PAaCTEHUS, CIIOCOOCTBYET YCTPAHECHUIO TOK-
CHYHOCTH HM30BITOYHBIX KOHIIEHTPAIIM MOHOB aMMO-
HUS, aJIOMAHUS, MapraHIla, JKelle3a, MOBBIIIAeT YCTO-
YUBOCTb PACTEHHUM K 3aC0JieHUI0. I3 MUKpPO3JIEMEHTOB

OoJiee BEICOKOE COZIEp)KaHUE, YeM B MHOTOJICTHUX Tpa-
Bax M3 30HBI BIUSHUA 30JI00TBaJIa, OTMEUYCHO 110 MEAH,
YTO MOYXHO OOBSCHHUTH BBIIIOJHEHUEM €I0 OTpeeTIeH-
HBIX (DyHKUMWIT U1 pacTeHUWi: OHa y4acTBYeT B a30T-
HOM OOMEHE, ITOBBIILIAET YyCTOWYNBOCTD PACTEHHH K I10-
JIETAaHUIO U IpyTUM HeraTuBHBIM (akTopam. Coxepika-
HUE MapraHua, )xeines3a, KoOanbTa, HUKENs, LUHKA,
CTPOHIIMSA, KaJMHUs, PTYTH W CBUHIA B MHOTOJETHHX
TpaBax, pacTymux Ha pacctosHuE 500 M OT 307100T-
Bajla, HIDKE, YeM B MHOTOJIETHHUX TpaBax B 30HE €TI0
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BJIMSIHUS, YTO CBSI3aHO, BEPOSITHO, C yMEHbBIIICHUEM He-
KOPHEBOTO TOTJIOIICHUS U3 MEHEE 3arps3HECHHBIX BO3-
JIYITHBIX TOTOKOB.

Takum 00pa3oM, Ha IPaHUIIC CAHUTAPHO-3AIIUT-
HOW 30HBI OTMEYCHO YMCHBIICHUE COICPIKAHUS B MHO-
TOJICTHUX TPaBaX TSKEIBIX METAIUIOB M MEIIIbSIKA, 4TO
CBUJICTEIILCTBYET O CHW)KCHUHM HETaTUBHOTO BO3ICH-
CTBHS 30JI00TBAJIA.

B nanHoi#i paboTe H3y4eHbl 0COOCHHOCTH KyMYJIsi-
UM METAJUIOB B PA3IMYHBIX OPraHaXx MOJbIHA OOBIKHO-
BeHHOH (Artemisia vulgaris) u OomsfKka IIETHHUCTOTO
(Cirsium setosum), OIMPOKO pacIpOCTPaHEHHBIX Ha

JIaHHOU TeppuTOpuU. Pe3ypTaThl ONpeesIeHus Coaep-
KAHUS TSDKEIBIX METAJUIOB B BEr€TATUBHBIX OpPraHax
UCCIIEIOBAaHHBIX PACTeHUI IPUBEIEHBI B Ta0IuUIIE 5.

H3y4yeHbl OCOOEHHOCTH KYMYJISALUH €CTECTBEH-
HBIX PaJMOHYKIHIOB B Pa3lUYHBIX OpraHax IOJIBIHU
0oObIKHOBEeHHOH (Artemisia vulgaris) u Gonsika meTH-
uucroro (Cirsium setosum). Haxormnenne 40K, 232Th
1 226Ra mpoucxomuT B OONBIICH CTEIICHU B JIUCTHSIX,
YeM B CTEOJISIX M KOPHSAX KaK MOJBIHA OOBIKHOBEHHOM,
Tak u 6oxsKa meTuHUCTOrO. Ilo-BHaMMOMY, pagroax-
TUBHBIA TOPHI, KOTOPHI B OOJNBIICH CTEIICHH HaKall-
JMBaeTCA B 30JI€ W LIJIAaKe, NOMaJaeT Ha JUCThSI pacTe-
HUH B pe3yJIbTaTe MbUICHNS 30100TBAA.

Tabmuna 5.
Pacrnipeienenue 2J1eMEHTOB IO BETETATUBHBIM OpraHaM PacTeHU
ConiepkaHue dJIEMEHTa, MI/KT CyXOro Beca
DeMeHT [TobIHL OOBIKHOBEHHAS bonsgk meTuHUCTHIN
Jluctes Crebenn Kopenn Jluctes Crebenb Kopenn

Mg 3481,10 1037,67 1259,79 2201,69 1062,52 1492,06
K 115470,9 644424 595744 79818,9 118317,9 107099,4
Ca 6039,09 224571 2107,23 8768,29 3052,72 2278,72
Mn 86,03 13,71 37,95 51,67 15,34 18,97
Co 0,70 0,08 0,51 0,26 0,04 0,16
Ni 4,43 1,05 10,99 1,99 0,89 341
Cu 9,21 2,54 5,31 7,16 5,72 5,37
Zn 19,21 10,31 12,73 25,58 13,26 23,59
As 0,16 <0,001 0,02 <0,001 <0,001 0,17
Sr 82,67 43,30 47,55 123,77 68,77 52,12
Cd 0,20 0,14 0,13 0,21 0,18 0,17
Hg 0,007 <0,001 0,005 0,020 0,001 0,008
Pb 2,07 0,08 0,82 0,79 0,14 1,27

Takum 00pa3oM, CpeHee COMCPKAHUEC TKEITBIX
METaJUIOB B cOOpe MHOTOJETHUX TpaB (MI/KT CyXOH
Macchl) m3MeHseTes B mpeaenax: Mn — 55,92-1064,38,;
Co - 0,13-0,633; Cu — 0-5,15; Zn — 8,33-67,37; Ni —
1,36-4,13.

Pacnpenenenue KHCIOTO-PaCTBOPUMBIX (HOPM Tsi-
JKEIbIX METAJUIOB U MBIIIbsIKA TI0 TEPPUTOPHU H OY-
BEHHBIM FOPH30HTAM UMEET MO3aHYHBIN XapakTep, 4To
00YCIIOBIICHO 3HAYHUTEIbHBIM Pa30pPOCOM MOYBEHHBIX
ycnoBuid. K 3jeMeHTaM CHIBHOTO HAKOIJICHHS OTHO-
CATCsI CTPOHIMIA M IUHK. Ha 35ieMeHTHBIN cocTaB pac-
TEHUH BIUACT psi HaKTOPOB, KOTOPBIC MOXKHO 00BE U~
HUTH B CIICIYIOIIUE TPYIIBI: OMOXUMHUCCKUE, XIMU-
YECKUE, NmaHIIa(THO-TEOXUMHUICCKIEC u
AHTPOTIOTCHHEIE.

3aki0ueHue

Ha ocHoBe npoBeneHHBIX HCCIEAOBAHUN yCTa-
HOBJICHO, YTO C TIOBEPXHOCTH 30JI00TBAJIA TPOUCXOAUT
BBIHOC IIBUIEBBIX YACTHIl B Pe3yJIbTaTe BETPOBOI 3pO-
3 U OCAXKCHHE UX Ha MOYBE, YTO MPUBOJIUT K 3arpsi3-
HEHHUIO aTMOC(EPHOro BO31yXa, OYB M PACTUTEIbHO-
ctu. [Ipu3eMHbIC KOHIICGHTPAIMKM TBUIA HEOpPTaHWYe-
cKkoii B atMocepHOM Bo3yxe Ha paccTostHu 500 M oT
3omooTBana coctaBystoT 11,7 TIIK m..p.. Bkiag TOII-
3 B 3arpsi3HEHHE aTMOC(EPHOr0 BO3IyXa B 30HE 30J10-
otBana coctasisgeT ot 0 10 22,7 %.

Dkonorudyeckas 00CTAaHOBKA B CAHUTAPHO-3aIIUT-
HOM 30HE 30JI00TBaja OTHOCUTENBHO YJIOBJIETBOPHU-
TeNbHAs, HECMOTPS Ha BBISBJICHHBIC IPEBHIMICHUS
IAK/OJK 10 HEKOTOPHIM 3JIeMEHTaM B MOBEPXHOCT-
HBIX TOPU30HTAX MOYB.

[To cpaBHEHHIO C MHOTOJICTHIMH TpaBaMH (hOHO-
BEIX TOYEK cpefHee comepykanne Mn, Zn, Cd, Hg, Pb B
MHOTOJICTHUX TpaBax B 30HE BIIUSHUSA 30J00TBaIa
BhIme B 1,3-27,1 pa3a, B MHOTOJIETHHX TpaBax Ha rpa-
HUIIE CAHUTAPHO-3aITUTHON 30HBI 30JI00TBAJIa MPEBBI-
LIEHUH He BBISIBIECHO. B HccnenyeMbIx pacTeHUSIX KOP-
HEBOW Oapbep B HAJI3EMHBIC BETCTATHBHBIC OPTraHbl HE
oOHapyskeH B otHoienun Mg, K, Ca, Mn, Fe, Cu, Zn,
Sr, Cd u Hg, 9T0, BeposATHO, 00YCIOBICHO OHOXUMUCH
KOHKPETHBIX pacTeHUH, (QYHKIMOHAIFHONW 3HAYAMO-
CTBIO U CBOMICTBAMH 2JIEMEHTOB, a TAK)KE YPOBHEM TeX-
HOTEHHOTO BO3/eHcTBHs. buoreoxmmuyeckas akTHB-
HOCTH MHOTOJICTHHX TpaB BBIIIC Ha TpaHUIE CaHH-
TapHO-3aIIUTHOW 30HBI 30JI00TBaJia, Y€M B 30HE €r0
BITUSTHUSI.

[TonTBepxkAEH TEXHOTE€HHBIM TPUBHOC €CTECTBEH-
HBIX PaJHOHYKIHIOB B 30HE BIMSHUS 30J100TBaja. 1o
CpPaBHEHHUIO ¢ ()OHOM CpEIHSS ye/IbHAS aKTUBHOCTH
PaIMOHYKJIUIOB B TOBEPXHOCTHBIX TOPU3OHTAX MTOYB U
MHOTOJIETHUX TpaBax BBILIE, KAK B 30HE BIUSHUS 30J10-
OTBaJia, TAK U Ha €ro rpaHulle CaHUTAPHO-3AILUTHOMN
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3oubl. Hakomnenue 40K, 232Th u 226Ra npoucxoaut
B OOJIBIIIEN CTEIIEHH B JIMCTHIX, YEM B CTEOJISIX HCCIIE-
JlyeMbIX PACTCHUM.

Bo n36exanue HeraTUBHBIX TIOCIIECTBHUI 30JI00T-
BaJia Ha OKPYKAIOIILYIO Cpey HEOOXOIUMO MPOBOANUTE
MOCTOSTHHBIA MOHUTOPHHT O€30MACHOCTH 30JI00TBAJIA,
MEpOTIPUATHS 1O TBUICTIONABICHUIO 30J00TBaja M
CBOCBPEMCHHYIO PEKYJIBTUBAIMIO 30JIONUIAKOBBIX OT-
BanoB. OHAKO, MHOTHE MEPOIPHUATHS, B TOM YHCIIC U
PeKyIBTHBANNS 30J00TBaNa TPEOYIOT 3HAYUTEIHHBIX
3aTpar, HO TPH STOM HE yNAIAIOTCS JOCTaTOYHO TOK-
CUYHBIC DJIEMEHTHI  COSTUHEHNS, BXOIAIINE B COCTaB
30JI0IIJIAKOBBIX OTXOJOB, YTO CBHAETEIECTBYET O Ha-
CTUYHOM pPCHICHUHN HpO6HCMBI HEraTuBHOI'O BJIUSHUS
30JI00TBAJIOB Ha OKPY’KAIOIIYIO Cpeay. B ¢Bsi3u ¢ 3THM
HCO6XO[[I/IMI)IM MIPpUPOAO0OXPAHHBIM MEPOIIPUATHEM SAB-
JSCTCS YTHIM3AINS 30JI0IIIAKOBEIX OTX0JI0B B HAPOJI-
HOM XO3SHCTBE, UMCIOIUM SKOHOMHUYCCKUN H DKOJIO-
rudeckuii 3¢ dexr.
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AHHOTAUMSA

B cratbe OpeIaratoTCss ONMpeACICHUA KOI—)(b(l)I/IL[I/IeHTOB MATKOTO U KECTKOI'O BJIIMAHUA p060TOB ApyTr Ha
Apyra npu uxX B3aMMHOM 06I.I.ICHI/II/I, OPUBOAUTCA METOAWKA BbIYHUCIICHUS KOB(I)(i)I/ILII/IeHTOB BIIUAHUA HIO,Z[eﬁ Apyr
Ha Apyra, ONMCbIBACTCA AJITOPUTM HAIIOJIHCHUSA pO6OTaMI/I HUCPAPXUICCKUX I'PYHIL, UCXOAA U3 HpO(i)eCCHOHaHHBMa
KaXxXxaoro p060Ta 1 BEJIMYHUHBI €TI0 BJIMSHUA Ha OCTAJIBHBIX YJICHOB I'PYIIIIBI.

Abstract

The article offers definitions of the coefficients of soft and hard influence of robots on each other in their
mutual communication, provides a method for calculating the coefficients of influence of people on each other,
describes the algorithm for filling hierarchical groups with robots, based on the professionalism of each robot and
the amount of its influence on the other members of the group.

KioueBsble ciioBa: po6oT, rpynmna poOoTOB, BIMSHUE pOOOTOB APYT Ha Jpyra, UCKYCCTBEHHBIH MHTEIUIEKT,
IICUXOJIOIrHus 4YCJIOBCKa, MAaTCMAaTHYCCKUC MOACIIN IICUXOJIOTH, BJIIUMAHHUC H}O,Z[eﬁ ApYyT Ha Apyra, KOS(I)(l)I/IHI/IeHTbI
BIIUAHUA.

Keywords: robot, group of robots, influence of robots on each other, artificial intelligence, human psychol-
ogy, mathematical models of psychology, influence of people on each other, influence coefficients.

B Hacrosiee BpemMst B MUpE aKTHBHO pa3padathl-
BAIOTCS aJITOPUTMBI TIOBEJICHUS] pOOOTOB B IPYIIIE, OA-
HaKO MPSAMBIX MCCIEJOBAHUM, MOCBAIICHHBIX CO3/a-
HUIO MaTeMaTUYeCKUX MOJENICH, OMUCHIBAIOIINX IMO-
[IUOHAIIHOE BIMSAHHE POOOTOB PYT Ha Apyra Impu UX
B3aUMHOM OOIIIEHHH, B COBPEMEHHON Hay4YHOH JIUTepa-

BIMSHAIO po0OTa |, ecin ‘q[”‘< k“'”‘q“]‘, rae

L= ] , 4TO mo3BOMIsACT AEnaTh 3aMEHY SMOLUH i po-
60Ta L Ha COOTBETCTBYIOIILYIO IMOIIHIO POOOTA j, yMHO-

klit]
KEHHYI0 Ha BEIMUYUHY npu oOmeHnn poOoTOB

Type NPaKTHYECKU HE BCTPEYALTCS.
Ienbto HacTosIIIEH CTaThU ABISETCA MOCTPOCHUE
MMEHHO TaKHX MaTeMaTHIeCKUX MOJEIeH BIUSHUS PO-
60TOB Ipyr Ha Jpyra W ajanTalys 3THX MOAeled K
OITMCAHUIO TICUXOJIOTHH YEIOBEKA.
Onpenenenus: k03¢ PUIUECHTOB BINSHUS PO-
00TOB APYT Ha Apyra

PaccMoTpuM Tpynmy SMOIMOHAIBHBIX POOOTOB
[1], xomuaecTBO KOTOpHIX paBHO M. IlycTh poGOTH B
rpymie npoHyMepoBaHsl. B pabote [2] mpeanoxeHbI
OIPEJICTICHUS] MATKOTO M YKECTKOT'O BIIMSIHUSL pOOOTOB
JpyT Ha Jpyra.

[Ipenmnonarast paBHOLIEHHBIE 3MOLIMH y BCEX, 00-
MIAIOIINXCS APYT € JPYroM, poOOTOB, cHOpPMYIHpYEM
9TH OIIPEEIICHNs B YIPOLIEHHOM BHJIE.

Onpenenenwne 1. Koadduamuenrom msarkoro Bius-
HU OyZeM HasbIBaTh HEKOE YHCIIO, TPHCYIIEe Kax-
JIOMY SMOLIMOHAIEHOMY POOOTY M SIBJIAIOIIEECS €r0 UH-
JUBHAYaJbHOU IICUXOJOTMYECKOM XapaKTEpUCTUKOM,

IpU 3TOM, OylleM CUHMTaTh, 4TO PoOOT L nomnaeres

apyr ¢ apyrom, rae gU1 u !t — snemenrapusie Bocrn-
Tanwus [1] obmaronmxcs Apyr ¢ Ipyrom poOOTOB C I0-
Luj .

Omnpenenenne 2. KoahpunnenToM xxecTKoro BiIu-

ik

sHus OysieM HasbiBaTh Hekoe uncno K >0, npu-
cymiee KaXI0My 3MOIMOHAIFHOMY POoOOTYy M SIBIISIO-
I1eecst ero MHANBU Ty aTbHON NICHXOJIOTHUECKOH Xapak-
TEPUCTHUKOA, TIPH 9TOM, Oy/IeM CUMTaTh, uTo podor L
TOJIAETCS JKECTKOMY BIMAHHMIO poGoTta |, eciu

PAAKOBBIM HOMEPOM

[iL]
‘Ri[L]‘< K ‘qm" rne L# j, RY- pocrmranme

p060Ta L epea HadajloM ICHUXOJOTHYCCKOTO BJIMA-

HUsA, TIOJIYUYCHHOEC B PE3YJIbTATC | BOCIIMTATCIIBHBIX

TaKTOB, q[” - 9IIeMeHTapHOe BoCIUTaHKe pobora | |
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[L]

YTO MO3BOJIACT ACjIaTh 3aMEHY BOCIIMTaAHUSA Rl po-

0ota L Ha aneMeHTapHOE BOCIIUTAHKE q[” , YMHOK€EH-

i

HOE Ha BEIMYUHY K , ipu 001ennn poboTos L

u | apyr c apyrom.

BBenem jomymieHne o TOM, 4YTO Bce pPOOOTHI
TPYIIBI SBISIOTCS PABHOMEPHO 3a0BIBUMBBIMH, T.C.
KaX[IbIi poOOT 00J1a/1aeT CBOUM TIOCTOSTHHBIM KO3 hH-
IIHEHTOM IaMsITH.

PaccMoTpum MArkKoe BIHsHHE poOoTa j Ha po-
6ota L Bo Bpems oOmIcHUS.

B aToM ciyuyae BociuTanue ﬁi[i]l pobora L 6yzxer
YIOBIIETBOPSTH COOTHOIIEHHIO:

R = kUtlqUl 4 gIIRIM = klitlqUl 4
1-glL1’
e ()
e 611 — koo dpunuent mamsti poora L.

OueBngHO, uTo dopmyna (1) BaedeT cooTHoIIE-
HHE!

plLlglL]

alL] _p[L]plL]
. . O-IR;
Ll — R =9 R
k gl ' )
®opmya (2) MO3BOISAET 3aMIUCATh PABEHCTBO:
i
gL _gltlgu1=0t)
. R; S, —-0%q
ULl — i+1 1-9lL
: = @

Otmertum, uto cornmacHo OnperneneHuo 1 Beu-
qMHa kUL Gyner xosddummenToM BIMsHHS poboTa
J na poGora L, eciu cripaBe/tiBO HEPaBEHCTBO
. [L]
kUH>ﬁ%ﬁ. (4)
Sarmurem GopMyITy Ul BEIYHCICHHS KOd(pQuim-
eHTa JKECTKOr0 BIMsAHMs pobota ] Ha poGota L.

Cornacao OnpezneneHuro 2 CrpaBeInBO COOTHO-

IMICHUC
—L —[iL] ..
Ripy =K qu1, 5)
—[L]

roe R, - Bocnimranue pobota L mocie sxectkoro
BJIMSIHUS Ha HEero pobora |

CootHouieHue (5) Mo3BOJISIET BBIYUCIUTH KOI(-
¢unyent:
—ULl _ Rigy ©)
gl
Cornacao OmpeneneHuio 2 Ko3GGHUIMEHT, yI0-
BJICTBOPSIIOLIHIA PAaBEHCTBY (6), MOXKHO CYHTATH K03(-

(uupenHTOM *KecTKoro BiMsAHUA podota ] Ha poboTa

L, eciu cipaBeIMBO CTPOroe HEPABESHCTBO
=il R
K > |ﬁ| . (7)
OTmeTnM, 9TO U paBHOMEPHO 3a0BIBUNBHIX PO-
0OTOB C paBHOLICHHBIMH SMOLMSAMHU CIIPABEIHBO CO-
OTHOILICHUE
R = g 1=0
i+1 1-9lL]
C yuyerom sToi dopmMmyisl HepaBeHCTBO (7) mpu-
MET BH:

—pe) et
K[J ] |q[lﬁ|9m ®)

ITocTaHoBKA 3a1a4N BHIYUCICHHS XapaKTepH-
CTHMK PAaBHOMEPHO 3a0BIBYMBBLIX POOOTOB C PaBHO-
HEeHHBIMHU SMOLUSIMHA

Cremnaem cremyromiee 3aMe4anre: B TalbHEHIINX
0003HauEHMSIX MBI OYZIeM OITyCKaTh BEPXHHE HHICKCHI
B KBA/IPATHBIX CKOOKAaX, €CIIM pacCcyXIeHHs OyIyT Ka-
carbesi 10000 po0OTa Ipynnbl BHE 3aBUCUMOCTH OT
€ro MOPAIKOBOrO HOMepa B IPYIIIIE.

B paGote [1] nmpuBeneHa mpocras MareMaTHye-
CKas MOJieIb HEMPEPHIBHOTO AMOIMOHAILHOTO BOCIIH-
TaHusi poOOTOB ¢ HEAOCOJIOTHOW MaMSTHIO, KOTOpas
3aIUCBIBAETCS CIeaytomei GopMymon:

Ri =1 +9iRi—1' )
rae | — HOpﬂ,HKOBBIfI HOMep BOCIIUTATCIIBHOI'O

TaKTa, ri - JJICMCHTAPHOC BOCIIUTAHUC p060Ta, noJy-

YCHHOC UM B KOHIIC TaKTa | ’ R — CYMMapHO€ BOCIIU-

i
TaHUe, ITOyIeHHOE POOOTOM B KOHIIE TaKTa i, 19i - KO-
3G QUIMEHT TaMATH IS TaKTa | , 0< (9, <1-6,
O<o=const<l.

B nanprelimem Oynem npenmnonaraTs, ClipaBeIn-
BocTh cootHomerus I} >a>0.

CormnacHo pabore [1] B 3TOM citydae BepHO Hepa-
BEHCTBO

R>R,>0 (10)
ISt i >1.
IIpennonaras Taxke CIpaBeATNBOCTb COOTHOIIIE-
HUH
L=q=const, § =0 =const, (11)
MO>KHO 3aIicaTh paBeHCTBO (9) B BUIE:
R=0+6R. (12)

PaBenctBo (12) Ha30BeM MaTeMaTHIECKOH MOJIe-
JIBEO TIPOCTEHINIETO BOCIUTAHMSI pOOOTA IPU HETIPEPHIB-
HOM BOCIMTaHHUHU.

B paGore [1] BpeMeHHbIe TIepephIBBI MEXKAY BOC-
MUTaHUSAMH Ha3BaHbl (UKTHBHBIMH TakTamMu. Oue-

BHJIHO, YTO JUIs (PUKTUBHBIX TAKTOB CIPABEIIMBO pa-
sercteo I; =0, a nostomy dopmymna (9) Tpanchop-

MHPYETCS B COOTHOILICHHE

Ri=0R... (13)
KoTopoe npu ycinousx (11) mpumer Bua:
Ri = 6Ri71- (14)

O‘-IGBI/I[[HO, 4TO IJid (bPIKTI/IBHLIX TaKTOB IIPU BbI-
MOJIHECHUU YCJIOBUSL Ri >0 CIIPaBCAJIMBO HCPABCH-

CTBO
R <R.;. (15)

B pabore [1] npuBeneHs! pe3ynbTaThl MHOIOYHC-
JICHHBIX MCCIIEAO0BaHNI ICHXOJIIOTHYECKOTO TIOBEICHHS
poOOTOB Ha OCHOBE MOJIENEH MPOCTEHIIIEro BOCIIUTA-
HUSI, OTIUCHIBAEMBIX cOOTHOIICHUsIMH (12) u (14).

OnHako Ha MPAaKTUKE MPU CO3AAHUU TICUXOJIOTHU-
YEeCKOro aHajora 4ejioBeKa-Iu(poBOro ABOMHUKA CO-
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otHommenust (11) cnpaBemmmBeiMU He sBIstOTCA. [lo-
STOMY BO3HHKAET 3aJjadya allpOKCHMAIH PEabHOTO
BOCITUTATEIBHOTO MPOLECcCa, OMMCHIBAEMOI0 COOTHO-
menusiMu (9) u (13), ¢ moMoIIbI0 MOJIETIEN MPOCTEei-
miero Bocrimtanust (12) u (14).

3amavya anmnpoKCHMAIMK CTAaBUT 3aJlady OIpejie-
JICHUS YUCIICHHBIX 3HAYCHUH JIEMEHTAPHOTO BOCITUTA-

Hus (] ¥ KodddunrenTa namMaTu 6, ucxons u3 skcre-

PUMEHTAJIBHO MOJYYCHHBIX BEJIMYUH R

; TIPM TaKTax u

(PUKTHBHBIX TaKTax.
BbrunciieHHe XapaKTepUCTHK PABHOMEPHO 3a-
OBIBYHBBLIX POOOTOB C PABHOLCEHHBIMH SMOLHSAMH
[Ipennonoxum, 9To N3BECTHBI YHCIEHHBIE 3HaUe-

HHS BOCITUTaHUM Ri .

[Ipeanonoxum, 4To IKCHEPUMEHTAIbHBIE HU3ME-
pEHUS BEINYUH Ri OCYILECTBJIEHBI JJIs KaX/10T0 TaKTa
WK QUKTHBHOTO TAaKTa, a 3HAYCHUE i OIpeaeIsieT mo-

PAIOKOBEII HOMEP H3MEPCHUS.
Torna s BeraucieHus Ko3QpPUIUEHTOB MaMATH

€ TonbKO TpU (PUKTHBHBIX TaKTaX HEOOXOAMMO pe-
IIUTH 33/1a9y 10 ONPENeNeHUI0 0e3yCIOBHOIO dKCTpe-

myma dynxuuu |(6) :

n
1) =>'(R -R, )
1 -1 '
i=1
rac n - KOJIMYECTBO BBIITOJTHCHHBIX I/I3MepeHI/II7L
Pemas ypaBHeHue

% =0, nonyunm creny-

IOIlee COOTHOIICHUE ISl BEIYMCIICHUS K03 duinenTta

i RiuR;

0="—. (16)
>.R4
i=1

[IpennmonoxumM, 9TO BO BpeMs SKCIIEPHMEHTAIb-
HBIX U3MEPEHUH, CMEHsS PYT IPyTa, BEIIONHSIIACH —
KaxJ10€ 1o oTaenbHocTh — yennoBus (10) u (15).

naMATH H .

3anmumeM (GyHKIHMIO J(¢9, Q) B CICAYHOIIEM
BUJE:

-g-6R 1) , eciuR >R

J(6.0)= Z )
(Ri ~R.,), ecuR <R,

O‘ICBI/IZIHO, 4TO JId almpoOKCUMalunu HpOCTefI—

UM BOCHUTATCIIbHBIM NPOLCCCOM BOCIIUTAHUSA C DKC-

MEPUMEHTAIBHBIMEI 3HAYCHUSIMU Ri HYXHO PEIIUTh
CIIEIYIOILYIO 3a7a9y:

Haumu rgiqn J@,q. @

Borumncnsist  mepBble  NPOM3BOAHBIE  (QYHKIIMU

J(6,Q) 1o nepemennbM 0 u ( ¥ npupaBHMBas IPo-

U3BOJHBIE K HYJIO, IIOJYYUM CHCTEMY YPAaBHEHUH,
OTIpeIENAONLYIO0 pemeHue 3aaa4u (17):

n |R,R —0R,-6R?,, ecuR >R, _ 0, (18)
T |R,R —R*, ecmuR <R,
LR -g-Ry, e R >Ry 0.(19)

210,

Py ectu R <R,

Jlerko mokasate, 4To cuctema ypaBHeHHi (18) -
(19) >xBUBaNeHTHA cnez(y}omef/i CHUCTEME:

9> R 1+92R2 ZR, LR (20
ieQ
gn, +¢92R ZR (1)
ieQ ieQ
rae Q - MHO>XXECTBO TEX HOMepOB | , AJIsL KOTO-
PBIX CIIpaBelIMBO HEPABEHCTBO Ri > RH, n , - KO-

JIMYECTBO JIIEMEHTOB B MHOXKeCTBE (.
Pemas cucremy ypaBuenunii (20) - (21), momryaum

COOTHOLICHMUSA IJIA HCKOMBIX BEJIMYHH 9 u q .

DR 1ZR -n ZR, LR

9 — ieQ ieQ ' (22)
Z Ri—l —-n, Z Riz—l
ieQ i=1
ZRI 1ZR| 1R ZRlzlzR
q — ieQ ieQ (23)

> Ri_l

n
2
—n, Z Ri—ZI.
ieQ i=1

3amerumM, 4to cootHomeHus (22), (23) mo3Bo-
NS0T Haiith pemenus 0 (] ToOmbKO B TOM CIydae,

Koraa MHOKECTBO {2 He MyCTO, B MPOTUBHOM CITydae
npocreiiliiee BOCIUTAHUE OMUCHIBACTCS TONBKO KOA(-
(GUIMEHTOM MaMATH 19, KOTOPBIA yJIOBJIETBOPSIET pa-
BeHCTBY (16).
IIpumep Bbrunciaenns K03pGULUMEHTOB BJIHA-
HUS YeJIOBeKa
Jist onpeneneHys napaMeTpoB IPOCTEHILETO BOC-

nutanns 0 n ( , anmpOKCUMUPYIOILETO PeaIbHOE BOC-

NMTaHUE dYeNloBeKa, Obuia pa3paboTaHa HeCIOXKHAs
nporpamma [3] Ha si3eike Delphi 7.
Jlnist u3MepeHnsl YNCIICHHBIX 3HAYCHUI BOCIHTA-

nuii R, uenopeka ncnonp30Banocs nporpaMMHoE MpH-

noxenne Vibraimage xomnanuu ELSYS (CII6) [4].
W3mepeHne MPOBOAMIOCH TI0 CIEAYIOMIEH METO-
JIMKE: KaXKIbId UCTIBITYEMBIH pasMeniaics Ha 4 MUHYTBI
nepes 00beKTHBHOM WED-BHIEOKaMephI, C TIOMOIILIO
€KEMHHYTHOTO MOJICYeTa KOJHYECTBA MHKPOBUOpa-
I TOJIOBBI HCIBITYEMOTO, COOTBETCTBYIOIIHX €0
SMOIMOHATEHOMY COCTOSIHUIO, OTIPECSUTHCH YHUCIICH-

HBIC 3HAYCHUS BOCIIUTAHUN Ri HCIBITYEMOTO, I'/IC i =

1,4. IIpn u3MepeHusIX BOCIUTAHUM UCHBITYEMBIN Bl
ce0sl CTIOKOITHO, HETOABMYKHO U HAXOIHIICS B H30JIHPO-
BaHHOM IIOMCUICHHU.

B Ta6u. mpuBeCeHBI pe3yIbTaThl U3MEPEHUH BOC-
MMUTaHUH JBYX WUCHBITYEMBIX, MIPOU3BOJILHO BBEIOpaH-
HBIX U3 OOJIBIIOTO KOJIMYECTBA SIKCIICPUMEHTOB, IIPHBE-
JIEHHBIX B pabote [5].
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Tabnuma.
DKCIEPMMEHTAIBHO H3MEPEHHBIE BOCTMTAHHSI
Ne ucnpiTyemMoro R, R; R,
1 14.8 13.9 12.9 13.8
2 22.7 17.7 13.9 14.8
B pesynbrare 06paboTKU PE3yIIbTATOB dKCIIEPH- 121 < 1d® 207 et
MEHTa 111)0 ZBMepeHmop BOCHHTQI,)HI/IE, HpI/IBe}IeHHBI)I() B Hepagencrsa RILE > PRI L g1 TPHMYT

Tabn.1, ¢ moMompI0 porpaMMel [3], OCHOBaHHOW Ha
ucronbp3oBanuu hopmyr (22) u (23), ObuIH MOTYUEHBI
CJIE/IYIOIEe TapaMeTpbl TPOCTEHIEro BOCIIMTAHUS
HCIIBITYEMBIX:

g =175, 601 = 0.93, ¢q[?! = 4.03, 6121 = 0.77,

IJie YHclla B BEPXHUX KBaJpaTHBIX CKOOKax orpe-
JIEIISIFOT TIOPSIZIKOBBIA HOMEP UCIIBITYEMOTO.

Cpasy mnocne 3aBeplLIeHUs] dKCIIEPUMEHTa, OIlH-
CaHHBIM BBIIIIE, C IEPBBIM UCIBITYEMbIM, BTOPO HUCIIBI-
TYEMBbIi IPOU3HOCHUT MOXBAJIY B TEUCHUH MUHYTHI B a1-
pec MmepBOro MCHBITYEMOro, a 3ateM nporpamma Vi-
braimage wu3mepsier 9MOIMOHATBHOE  COCTOSIHUE
MIEPBOTO HCIBITYEMOT0. 3aTeM pOJIU MEePBOrO U BTO-
POTO UCIIBITYEMOTO MEHSIOTCS. B pesynbrare cooTBeT-
CTBYIOIINX M3MEPEHUM MOJIy4aeM CICAYIOIINe dKCIIe-
PHMEHTAJIbHBIC YUCIICHHbIE 3HAUSHNS BOCITUTaHHUMH:

RM =182, R = 243,

[ocite HeCTOXKHBIX BBIUUCIEHUH IO hopmyde (3)

nonyuaem pasencrsa K3 = 8.87 , k1 =3.07

Jlerxo BUACTH, YTO CHPABCAJIMBO HCPABCHCTBO

[2]
k002 > 102 o ecrs 887 > 22 =230, u k21 >
lqlH]] 175
[1] 1.75
:Z[Z]:’ TO ecTh 3.07> # = 0.43. D10 N03BOISET A€NaTh

BBIBOJI O TOM, 4TO coriacHo Omnpenenennto 1 koadpdu-

LIAEHTHI K21y l21]
SBISIFOTCSL KO3 PHUIMEHTaMU
MSTKOTO BIUSIHUSL.

Takum 00pa3oM, TIEpBEIil YEIIOBEK BIUSIET HAa BTO-
poro genoBeka ¢ KO3(pPHUIMESHTOM MATKOTO BIUSHHUS,
paBHOM 8.87, a BTOPOii BIHSIET Ha MEPBOTO ¢ KOIPPH-
HMEHTOM Msrkoro BausHus 3.07, TO e€CTb, SMOIMO-
HallbHOE BIIMSIHME TIEPBOTO HA BTOPOTO OOJBIIE, YeM
BTOPOTO Ha MEPBOT0, a MOITOMY HEPBBI OyIeT MATKO
9MOIMOHAIBHO NOAABJIATH BTOPOTO.

3aMeTHM, YTO BCIO COBOKYIHOCTH MSITKHUX BIIHS-
HHUH JIByX YENIOBEK JPYT Ha Apyra MOXKHO 3alucarh B
BUJIE MaTpUIIBI
K k03¢ dUIEeHTOB MATKOTO BIUSHUS:

K = ( 1 8.87)
307 1/
3anumem Oosee TPOCTOH crocod BBIYMCICHUS

KO3(Q(QHUIUEHTOB MATKOTO BIUSHUS JIBYX JIOICH APYT
Ha Jpyra.

B cootHomennn (2) BMECTO BEITUYHHBI RL[L]
MOXKHO ITOCTAaBUTh COOTBETCTBYIOIIHE JKCICPUMEH-
TaJIbHO U3MEPEHHbBIE BOCIIUTAHMUS, HAIIPUMED, T€, KOTO-
pble PUBEICHBI B TAOIHIIE.

HecnoxHbie pacdeTsl MOKa3bIBAIOT, YTO MPHU Ta-
KOI METOMKE BBIYUCICHUS KOI(D(DULNEHTOB MITKOTO
BIIMSIHUSL Ul PACCMATPUBAEMOI0 MpPUMEpa IOIY4YUM

kb4 =7.37

cjIeayromue

k21 =133

COOTHOLICHUSA

sun 7.37>2.30,1.33>0.43, a 510 roeopur o

TOM, YTO MBI OMpPENENMIN KO3(D(PUINEHTHI MSITKOTO
BIIMSIHUSL, HO HHBIM CIIOCOOOM.

Jlerko mokaszaTh, YTO B PAcCMaTPUBAEMOM IIPH-
Mepe CpefiHee OTHOCHUTEIbHOE OTIMYHE 3HAYeHUH KO-
3 QUIMEHTOB MATKOTO BIMSHUS APYT OT Apyra npu
UCIIOJIb30BaHUHU Pa3HBIX CIIOCOOOB BBIYHCIICHUN PaBHO
19.8%.

N3yuum sxecTKoe BIHMsIHUE 000UX JIOJIEH ApyT Ha
JpyTa, JAJIS YeTo BBIYMCIUM COOTBETCTBYIOIINE KO-

(UIMCHTHL
ITocme HecTIOXKHBIX BRIYUCICHUH 110 hopmyde (19)
2 21
nonyuaem pasenctea K =13.89, K =451

. Tloncrapnsas B HepaBeHCTBO (8) COOTBETCTBYIOIIUE
YHCJIEHHblE 3HAYEHWS, IIOMy4HM BBINOJIHSAIONIHECS
[1.2]
YCIIOBHSA KeCTKoro BausHus K
[2.1]

K =451>0.87.
CornacHo OmpeneneHnio 2 3amHCaHHBIE BBIIIE
HEPaBEHCTBA MTO3BOJIAIOT YTBEP)KIATh, YTO KOA(HHUIIH-
[L2] [21

CHTBI K u K

KECTKOTI'O BIIMSAHUA.

Takum 06pa30M, 00a dejoBeKa MOT'YT KECTKO
BJIMATH JPYT Ha JApyTra, HO BEJIMYHWHA KECTKOr'0O BJIMA-
HUA IEPBOT0O YCJIOBEKA HA BTOPOT'0 4Y€JIOBCKa 60J'H)IHC,
4YCeM BTOPOI'0 Ha IEPBOro, a, CJICAOBATCIbHO, HCpBLIfI
YCJIOBCK MOKET IMpH H€O6XOI[I/IMOCTI/I OMOIIMOHAJIBHO
JKCCTKO MOAABJIATH BTOPOT'O YCJIOBCKA.

=13.89>6.51,

SIBIISTIOTCSL KOA(PHUIHEHTAMA

Martpuia K KO3 PHUIIMECHTOB KXECTKOTO BIHSHUS
MPUMET BUI;

_ 1 13.89
K =
451 1
C yueTOM BBIYUCJICHHBIX 3HAYEHUH
k2] 2]
K 21389 ’ K = 451, TMOJACTAaBJIAA B HEpPaA-

BEHCTBO (7) COOTBETCTBYIOIINE 3HAUEHUST BOCTTUTAHUI

u3 TaGmmie! v Bemmunssl g1 = 1.75 | g% = 4.03, no-

JIYIAM CIIpaBeTUBBIE HEPaBEHCTBA
[1.2] [21]

K =1389>845 K =451>3.42 -

TOpBIE MTOJTBEPIKAAIOT TO, YTO HallIeHHbIE KOAPHIH-
EHTBI SIBJISIOTCS KO PUIIMEHTAMH KECTKOTO BIUSHHS.

Takum 00pa3oMm, MpUMEHEHHE OOEUX METOIUK
JUIsl TIPOBEPKU TPHHAIJICKHOCTH HAMJICHHBIX YHCEI K
KOA(PHUIIMEHTAM KECTKOTO BIHUSHHS JTAlOT OJUHAKO-
BEIC PE3YJIbTATHL
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AJroput™ (OpMHUPOBAHMSA HEPAPXHYECKHUX
rpynin podoToB
IlycTh 3agaHa nepapxuyeckasi CTpyKTypa rpyTIbl

poGotos, e Ha ypoBHe | Haxomurcs [T poGoros-
HAYaIbHUKOB, KoudecTso [ HauanbcTByrOMMX MOJ-
rpynmn Ha yposHe | pasHo enunuue, T.e. ] = 1 na
yposue 2 naxoautcst Mo moarpynm, B kaxmo# u3 ko-
Topeix ectb [M9  poGoTo-HauambHUKOB; ...; Ha

yposre [ maxomurcst N p TOArpyII, ecTh m p po-

60TOB-HAYANbHUKOB, [J =1 N —1,rne N - o6mee
KOIIMYECTBO HEPAPXMYECKUX 3BEHBbEB IPYIIbl POOO-

TOB; HAa CaMOM HMXHEM HCPApXUYCCKOM YPOBHE N

HaxXoOuTCAa nN noarpyitm, B Ka)K,Z[Oﬁ N3 KOTOPBIX
€CTh m N pOGOTOB-Ha‘-IaJ'ILHI/IKOB, KaxKaas noArpyIima

HIDKHETO YPOBHSI COCTOHT U3 M N PoGoToB-mOI4H-

HEHHBIX.

[Mycts 3aman Bexktop B = (by, ..., by), Xapakrepu-
3YIOIIUI BEMUYMHY NpodeccCHOHANBHON KBalu(HKa-
UK KaXJI0r0 poOOTa OTHOCHTENIFHO €IWHOM IIKaJIbI,
rae i — HOpsAKOBBINA HOMEp po0oTa B rpyIy, b; - Yrc-
JICHHOE 3Ha4YeHHe KBanu(uKamu podora i, M — xonu-
4eCTBO POOOTOB B HEPAPXUISCKOM TpyIIIIe.

Bynem Takke cuurtath, 4ro pPOOOT-HAYAIHLHHK
BIIHSTEIbHEE, YeM OOJbIIe ero Ko UIMEHTH BIHs-
HHUS 110 OTHOILECHUIO K APYTrUM podoTtam. I1ycTh 3anaHbl
MaTpuLbl KO3QUIMEHTOB MATKOTO U KECTKOTO BITUSI-
HUS pOOOTOB JPYT Ha JpyTa.

I/ICXO}IH 13 ONMCAHHBIX BBIIIC WHAWBUAYAJTbHBIX
XapaKTEePUCTHK POOOTOB, MOYKHO 3aIUCaTh CIIEIyI0-
MIMH aJITOPUTM HANOJIHEHUS podoTaMM Hepapxuye-
CKOM CTPYKTYPBI TPYIIIBI ¢ HAOOIee BO3MOXKHBIM BIIH-
SIHUEM CO CTOPOHBI POOOTOB-HAYAJILHUKOB Ha PO0O-
TOB-MOJYMHEHHBIX C YYeTOM MpOo(ECCHOHANTBHOM
KBaJTM(HUKAINN KaXKJ0T0 podoTa.

1. 3anaerca matpuna K kosdduimentoB msr-
KOT'0 BJIMSTHUSI pOOOTOB JIPYT Ha Apyra.

2. 3anaercs marpura K KO3 PHUIHEHTOB JKECT-
KOT'0 BJIMSHHS pOOOTOB IPYyT Ha ApyTa.

3. 3a;[aeTc;1 BEKTOP HEOTPHUIATEIIBHBIX BECOBBIX

xosddumentos A= a1’a2), OTIpeIeNIONHii peji-
TIOYTEHHE B BHIOOPE CMOCOOOB YHPABICHHS C MOMO-
IIBIO MATKOTO M JKECTKOTO BIMSHHS HAYAIbHHKOB HA
TIOT4MHEHHbIX, TIPUUEM, ECITH OJMH H3 IEMEHTOB Pa-
BEH HYJIIO, TO BTOPOH 3JIEMEHT 00A3aTENbHO JOIIKEH

6I>ITI> TIOJIOKHUTCJIbHBIM. ECJ‘II/I OJICMCHTBI BCKTOpa A
paBHBI MEX]y COOOM, TO ITPEAIIOYTEHHS B BLIOOPE MST-
KOI'O UJIN KECTKOI'O BJIIMAHHUA HAYAJIbHUKOB HA MMOAYU-
HCHHBIX HECT.

4. Berumcnsiercs martpunia W MHTErpanbHOTO
BIMSIHAS pPOOOTOB Jpyr Ha 1pyra, Tae wl =
ar kUil +q, g0

a 2+ay?

[1],rnej=1,M,L =1,M.

5. ®opmupyercs Bekrop V = (v, ...,vy), THe
v; = minwlULl L = ].,_M ,J # L.

6. 3amaercst Bextop B mpodeccnonansHoii kBa-
nmudukamu poOOTOB, Tlle KaXbId JIEMEHT BEKTOPa
HEOTPHIIATEIbHBIN.

7. 3amaercs uepapxuyeckasi CTPYKTypa TPYIIIb
poOoOTOB.

8. ®opMupyeTcs BEKTOP S, 3IEMEHTHI KOTO-

pOTO  BBIUHCIIAIOTCS 1O  (opmyIie S, =myn,,
p=LN.
9. p=1.

10. DneMeHTHI BekTOpa B yHOPSAOYUBAETCS IO
HE BO3PACTAHHMIO €0 HIIEMEHTOB.
11. Jina HauanbHUKOB yPOBHA [) HepapXUYecKon

CTPYKTYPBI TPYMIIBI OTONpPAIOTCA Sp po6OTOB, YbH KO-

3¢ GUIMEHTE  TPO(PECCHOHANBHON — KBaTH(HUKAIIUN

CTOAT Ha MCPBLIX Sp MECTax Cpeau J3JIECMCHTOB BCK-

Topa B. DnemeHTaM BekTOpa B, COOTBETCTBYIOLINM

OTHM BBIOpAHHBIM S, POOOTaM, PHCBAMBAIOTCS OTPH-

LaTeNNbHbIE YHCICHHbBIE 3HAUCHHSI.
12. BpiOpaHHble HaYaJIbHUKY YPOBHA [ JemaTcs

Ha KOIUIEKTHBEI 110 M poOoTOB.

13. B xax10M KOJJIEKTUBE YPOBHS P ONpeels-
eTcs poOOT ¢ HaMOOJIBIINM 3HAYEHUEM HHTETPAIEHOTO
koo uIMenTa BIMSIHAS V; HA BCEX WIEHOB KOJLIEK-
THBa. DTOT pOOOT Ha3HAYaeTCsl HA4aJIbHUKOM KOJIJICK-
THUBA.

14. M:=M-s.

15. p=p+1.

16. Ecru P < N, maru k m.10.

17. OcraBuivecst He BbHIOpaHHbIE B HAYaIbHUKH
M po6otos aemsitest Ha Ny, MOATPYIIIL, BO IIABE KaX-

N
IO W3 KOTOPBIX CTAaBATCS HAYAIBHUKW W3 YHCIIA BEI-
OpaHHBIX S 000TOB IIPH TIOCIJIEAHEM BBIIIOJIHEHUHN
N

myHkTa 10.

18. Komnerr.

OTMeTUM TO, YTO PEUICHHE 33aJja9d O BBIOOPE po-
0OTOB, Ha3HAYaEcMbIX Ha4YaJbHUKAMH M TOJYHUHECH-
HBIMHA B HEPApXHUYCCKON CTPYKTYpE TPYIIIBI, MOXKET
UMETh HE €IUHCTBEHHOE peIIeHHE.

TaK)Ke OTMCTHUM TO, YTO HpI/I N3MCHCHUU KOJINYC-
CTBEHHBIX TIOKa3aTeNell CTPYKTyphl TPyHIb! (HAIpH-
Mep, MPH MOJOMKE OJHOTO HJIM HECKOJIBKHUX POOOTOB,
M3MCHCHHHU UX KOI()(UIIMCHTOB BIHSHUS, BBESJACHUH B
CTPYKTYPY HOBBIX pOOOTOB U T.J.) MOXHO, UCIIOJIB3YS
MPE/UIOKCHHBIN  aJlTOPUTM, 3aHOBO  (HOPMHPOBATH
HATIOJTHCHUC HaYallbHUKAMU W TTOTYMHCHHBIMH Hepap-
XHYECKOW CTPYKTYPHI TPYIIITEL.

3akiouenune

Takum o0pazoMm, B CTaThe MAHBI OMpPENCICHHS
MSTKOTO ¥ )KECTKOTO BIUSHHS POOOTOB APYT HA JIPyTa,
a TakKe MPUBECH MPUMeEP BEIYUCICHHS K0 uItmen-
TOB BIMSHUS IBYX JIIOJEH apyr Ha apyra. CiemyeT oT-
METHUTb, YTO, XOTS B COBPEMEHHOH IMCHUXO0JIOIMYECKOM
JUTEPAType U U3Y4aeTCsl TAKOe BIUSHHE [6], HO IIKaT
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U3MEpEHHUs BIMSHUS OJHOTO YeJIOBEKa Ha IPYroro He
cymectByeT. Eciu npyu npoekTupoBaHuH poOOTOB pas-
pabOTYUK MPOTPAMMHOTO OOECIICUCHUS MOYKET CaMo-
CTOSITEJIBHO 33/1aBaTh pOO0TaM HEOOXOJMMbIE YUCIICH-
Hble 3HaY€HHS KOA((HULIMEHTOB BIUSHHS, TO P MO-
JETMPOBAaHUN TIOBE/IEHMS JIIOJeH, Ha Haml B3I,
MOXHO HCIIOJIb30BaTh MPEJIOKEHHYIO B CTaThE METO-
JIMKY BBIYUCIICHUS KO3()(UINEHTOB BIUSHUS OIHOTO
YeJoBeKa Ha JApyroro. [[puMepoM UCIONb30BaHHs BbI-
YHCIICHHBIX KOA()(UINEHTOB BIUAHHS SBISCTCS MPH-
BE/ICHHBII B CTAThE aITOPUTM HAIIOJHEHHS HepapXuye-
CKHX IPYIIL
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Abstract

The phenomenon of hairiness is of great importance not only in fabric manufacturing technologies, but also
for consumers in the formation of a textile product selection strategy. Visual and tactile assessment of tissue surface
is associated with different discriminatory ability of people to perceive differences. Therefore, the question of how
much the organoleptic assessment of fabric hairiness corresponds to the instrumental assessment is relevant from
the point of view of predicting qualitative and quantitative hairiness indicators. In this work, a comparative assess-
ment of the hairiness of woolen fabrics by the organoleptic and instrumental method is carried out. An organoleptic
assessment was made by a group of experts who determined the hairiness of tissues on a ten-point scale. For
instrumental assessment, the weighing method was used and a quantitative indicator was obtained — the fabric
hairiness index. A comparative analysis of the obtained data showed that the organoleptic assessment of fabric
fluffiness is consistent with the instrumental one, which is confirmed by the value of the correlation coefficient,
therefore it should be taken into account when forming marketing forecasts, and can also be used in the examina-

tion of the surface of fuzzy fabrics.

Keywords: hairiness, weighing method, hairiness index, organoleptic profile.

1. Introduction

In textile science, hairiness is a phenomenon in
which the fibers protruding from the body of the fabric
in the form of tips or loops, as well as in the form of
wild fibers that move along the surface of the material
as independent elements or collected into balls of pills
[1]. As a result, a pile layer of varying severity forms
on the surface of most tissues. Hairiness is of great im-
portance both for fabric manufacturing technologies
(especially for finishing) [2-5], and for consumers
when forming a strategy for choosing a textile product,
as it causes specific tactile sensations. In [6, 7] it was
shown that villi cause neuron excitation, and the more
intense the hairiness, the more specific the reaction is
expressed. That is, consumers, when choosing textile
material, arbitrarily act as experts. At the same time,
visual and tactile assessments of hairiness largely de-
pend on the discriminatory ability of people of different
sexes and ages to distinguish the intensity of this char-
acteristic [8]. During visual examination of the pile
layer, the density of the coating with the villi of the sur-
face of the material is estimated, that is, how much the
villi hide the pattern of interweaving or unevenness of
the fabric relief. At the fold of the fabric, the height and
uniformity of the pile (distance of the villi from the tis-
sue body) are visually evaluated [9]. Tactile assessment
of hairiness takes into account the softness and elastic-
ity, smoothness and rigidity of the pile layer. In addi-
tion, the pile layer causes a sensation of warmth, which
is especially characteristic of woolen fabrics [10], as
well as specific subjective sensations associated with
emotional connections [11]. Such a complex organo-
leptic assessment of consumers affects their decision to
purchase textile goods. In this regard, it becomes an im-

portant question about how much the organoleptic as-
sessment of tissue hairiness corresponds to the instru-
mental assessment, which allows qualitatively and
quantitatively assessing the degree of hairiness, and
therefore to predict this property in order to form mar-
keting decisions.

The most common methods of instrumental as-
sessment of hairiness are optical methods for analysis
of tissue at the fold [10, 12], which use some methods
of organoleptic study of tissue. Optical methods are
based on image capture using a laser or a microscope
camera, after which the software application recognizes
the tissue core (area of a very dense pile) and recalcu-
lates the villi protruding above it. The main disad-
vantage of such methods is the complexity of the prin-
ciple of distinguishing between a dense pile layer (tis-
sue body) and a tangled pile layer (especially for raised
fabrics), which is implemented by a computer program
algorithm. As a result of the implementation of these
methods, an indicator of the amount of hairiness is ob-
tained, which is equal to the total length of all the villi
(less often the average length of one villus) on the stud-
ied surface of the fabric.

Another method that can instrumentally evaluate
the hairiness of a tissue is the weighing method (gravi-
metric) [13]. The basis of this method is the principle
of determining quantitative indicators of fabric fluff by
the mass of the removed pile and the thickness of the
villi. Unlike optical analysis, the gravimetric method
can be used without special equipment and does not de-
pend on the capabilities of the software application.
This method, by its principle, is more associated with a
tactile assessment and allows you to find out the share
of hairiness in the total mass of tissue. The hairiness
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index obtained by the gravimetric method is the hairi-
ness index, which is equal to the total length of all the
villi on the surface of the fabric of a certain area. The
disadvantage of the weighing method is the provision
of high requirements for the accuracy of the experi-
ment.

Thus, various methods are used for the implemen-
tation and production of fabrics — subjective and instru-
mental, but it is not known how consistent they are with
consumer assessment. Therefore, the aim of this study
is to compare the hairiness of the fabric, the amount of
which is estimated using instrumental and organoleptic

research methods, and determine the degree of con-
sistency of objective and subjective assessments.

2. Experimental

2.1. Materials

For the experiment, pure-woolen fabrics and fab-
rics consisting of a mixture of woolen and chemical fi-
bers were used. The choice of the raw material compo-
sition of the tissues is due to the fact that for these tis-
sues the hairiness is quite pronounced and can be
determined with different tactile sensitivity of the ex-
pert. The tissues for the study were selected from an
assortment of different manufacturers and differed
among themselves in structural indicators, which are
presented in Table 1.

Table 1

Structural property of fabrics

Name_ of Fabric composition Fabric weight | Fabric density [Threads
fabric [9/m?] /dm]
S1 100% Wool 310 150
S2 100% Wool 270 120
S3 100% Wool 250 120
S4 90% Wool,10% Polyacrylic 280 130
S5 80% Merino wool, 20% Polyester 270 110
S6 80% Merino wool, 20% Polyester 275 120
S7 80% Wool, 20% Polyester 245 120
S8 80% Merino wool, 20% Polyacrylnitrile 250 110
S9 70% Wool, 30% Polyester 350 190
S10 70% Wool, 30% Polyester 250 170
S11 60% Wool, 40% Polyester 250 180
S12 60% Wool, 40% Polyester 290 120
S13 50% Wool, 30% Polyester, 20% Polyacryl 270 110
S14 50% Wool, 50% Polyester 315 140
S15 50% Wool, 30% Polyester, 20% Polyacryl 260 130
S16 50% Wool, 30% Polyester, 20% Polyacrylonitrile 270 150
S17 50% Wool, 30% Polyester, 20% Polyacrylonitrile 310 130
s18 40% Wool, 5% l;AO%znPoo\I/;//ce);):e?S% Polyacrylic, 280 160
S19 40% Wool, 40% Polyacrylic, 20% Polyester 245 160
S20 40% Wool, 60% Polyester 215 130

2.2. Assessment of hairiness of the tissue organo-
leptic method

All measurements were carried out under standard
test conditions [14]. For the organoleptic analysis of the
selected materials, the standard method "1SO 13299-
2003: Sensory analysis — Methodology — General
Guidance for establishing a sensory profile" was used
[15]. The group of experts on organoleptic evaluation

consisted of students and teachers of the Faculty of In-
tegrated Technologies of Kherson National Technical
University. All experts were involved in the textile in-
dustry, being both consumers and experts in textile
products. By age, the group includes experts from 18 to
60 years old, which allows to cover a wide range of tis-
sue consumers [16]. The composition of the expert
group is presented in Table 2.

Table 2
Characteristics of expert group
Age Number of experts Gender (women / men,%)
18-25 18 50/50
25-35 16 60/40
35-45 14 50/50
45-60 12 40/60
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In order to compile a quantitative organoleptic
profile, the experts evaluated the fabric by pile density
on a scale of 1 to 10, where score 1 corresponds to a
smooth material (pile is completely absent), and 10 to

a material with very thick hairiness. Experts could put
the same score for those fabrics whose hairiness
seemed the same to them. An evaluation scale for hair-
iness values is shown in Figure 1.

Medium
Hairiness

Small
Flat hairiness

Fluffy Very fleesy

I [ [
1.0

[ |

10.0

Figure 1: Visual scale

A set of test tissues was prepared for each expert.
During organoleptic analysis, tissue samples measuring
30 x 30 cm were laid out on the surface in random or-
der. Under each sample was a rating scale on which,
after analysis, the expert noted the score assigned to
them. The experts analyzed the samples visually on the
surface and on the fold of the fabric, as well as tactilely,
drawing fingertips along the surface of the fabric laid
out on a plane and along the fold of the fabric that they
formed on their own.

2.3. Assessment of the hairiness of the tissue in-
strumental method

For instrumental assessment of fabric hairiness,
the gravimetric method described in [13] was used. The
essence of this method is to compare the mass of fabric

with pile and the mass of fabric without pile. To do this,
the average diameter of the villi was previously deter-
mined, and then the pile was removed by heat treatment
of the surface of the fabric or in another way. Then,
based on the value of the removed pile mass and the
average diameter of the villi, based on the formula for
calculating the linear density of the fiber, the hairiness
index H is calculated, which shows the total length of
all villi, referred to the tissue area of 1 square decime-
ter. For a more detailed description of the amount of
hairiness, the percentage ratio of the pile mass to the
tissue mass AH was also determined [17].

3. Results and discussion

The results of subjective and instrumental assess-
ment of fabric hairiness are presented in Table 3.

Table 3
Fabric hairiness assessment results
Name of fabric Score H, m/dm? AH, %
S1 9 301 5,56
S2 9 298 5,77
S3 10 297 6,43
S4 9 291 6,11
S5 9 268 5,97
S6 7 257 5,61
S7 8 282 5,68
S8 8 281 5,76
S9 6 240 5,58
S10 4 166 4,24
S11 5 188 4,42
S12 7 255 451
S13 7 249 4,49
S14 6 247 54
S15 5 227 4,27
S16 3 148 412
S17 5 203 4,56
S18 4 182 4,43
S19 3 169 4,37
S20 4 175 4,41

As can be seen from the obtained data of subjec-
tive assessment, according to experts, among the pro-
posed fabric samples there were no such ones whose

surface had an absolutely even, smooth relief. The min-
imum value of hairiness, which was determined by ex-
perts, varies between score 3 and 4. In particular, ex-
perts rated the hairiness of samples S10, S16, S18, S19
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and S20 with such a lowest score. Most experts rated
the hairiness of only one sample at 10 points, and it
turned out to be sample S3, made entirely of wool fiber.
The hairiness of other samples, which experts highly
rated and assigned 9 points, was also made mainly of
wool with a low content of man-made fibers; in partic-
ular, these are samples S1, S2, S4, and S5. For fabric
samples, the hairiness of which experts rated with
scores from 8 to 5, a certain pattern can be traced be-
tween the hairiness score and the raw material compo-
sition. So, the reduction in hairiness, according to ex-
perts, was proportional to the increase in the proportion
of artificial fibers.

An analysis of the results of instrumental assess-
ment of hairiness shows that some samples have ap-
proximately the same values of the hairiness index (for
example, samples S2-S3, S7-S8). This phenomenon is
due to the fact that these tissues have similar structural
characteristics. For this reason, to differentiate the sam-
ples with the same value of the hairiness index, the
mass fraction of the pile should be taken into account
(Table 3, last column).

According to the results of gravimetric evaluation
of the studied fabrics, the highest values of the hairiness
index are characteristic for pure-wool samples and
samples with a low content of man-made fibers. The
hairiness and mass fraction of villi for these samples are
large. For example, the hairiness index for sample S1 is
301 m/dm?. The lowest values of the hairiness index are
characteristic for samples with a higher linear density
of threads (samples S10, S16, and S19). The minimum
value of the hairiness index was obtained for sample
S16 and is 148 m/dm?. This phenomenon suggests that

the formation of fabrics with a high linear density of
threads creates conditions in which the villi turn out to
be squeezed yarn, which complicates the separation of
fibers from the core of the yarn and makes such fabrics
less prone to pile formation.

A comparative analysis of indicators obtained as a
result of organoleptic and instrumental assessment of
the hairiness of the studied tissues shows that fabric
hairiness, which experts rated with the highest and low-
est scores, corresponds to the maximum and minimum
values of the hairiness index, that is, the subjective as-
sessment was close to the quantitative indicators ob-
tained by the weighing method. This coincidence in the
results confirms that the determination of the extreme
of the values when compiling the organoleptic profile
is not a difficult task for the consumer. However, for
intermediate data between expert and instrumental as-
sessments, certain discrepancies are observed. There-
fore, we analyze those samples to which the experts as-
signed values of 5 and 6 points (fabrics S11, S15, S17
and S9, S14, respectively). The hairiness index for
these fabrics ranges from 188 to 247 m/dm?. At the
same time, experts rated samples S11 and S15 with the
same score 5, for which the hairiness index is signifi-
cantly different (188 m/dm? and 227 m/dm?, respec-
tively This discrepancy between the results is due to the
physiological factor (low sensory threshold of consum-
ers), which does not allow an objective assessment of
the data with a slight discrepancy. Figure 2 presents the
results of organoleptic and instrumental studies of fab-
ric hairiness.

10
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- 250 %
S n
g ° S 200 €
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4 ~ 150
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2 T T T T T T T T T T T T T T T T T T T 100
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S13S14S15S516S17S18S19S20
Score H fabric

Figure 2: The quantity of hairiness obtained by organoleptic and instrumental methods

Analysis of the data presented in Figure 2 suggests a close relationship between the experts' mark and the
value of the tissue hairiness index. Therefore, a statistical analysis of the obtained values of the amount of hairiness
was carried out, the results of which are presented in Table 4.
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Statistical analysis of the obtained values of the hairiness assessment Tevled
Number of observations 20
Correlation coefficient 0,91
Coefficient of linear determination 0,93
Adapted Determination Factor 0,93
Standard error 0,59

As can be seen from the statistical analysis, the
correlation coefficient is 0.91, which indicates a very
strong relationship between subjective and instrumen-
tal estimates of the amount of hairiness for the studied
tissues and the high accuracy of the regression model.

350

Graphically, this relationship between the subjective
opinion of experts and the value of the hairiness index
obtained by the weighing method is presented in Figure
3.

300

250

200

Hairiness index,H

150

100 ‘ ‘ ‘
2 3 4 5

Subjective assessment of hairiness

6 7 8 9 10

Figure 3: The relationship of the subjective assessment of hairiness and hairiness index for the studied tissues

According to the obtained experimental data, for
fabrics with a hairiness index value in the range of 150
— 350 m/dm?, this statistical model can be used to pre-
dict consumer estimates with high reliability.

4. Conclusion

In the work, experimental studies of the hairiness
of woolen fabrics were carried out by two methods: or-
ganoleptic and instrumental. As an organoleptic
method, a point estimate of the layer of fabric hairiness
was applied using visual and tactile analysis. The in-
strumental (gravimetric) method yields a nap index — a
quantitative characteristic of the hairiness value of fab-
rics.

A comparative analysis of the results showed the
consistency of subjective assessment and quantitative
characteristics of tissue hairiness, which is confirmed
by a correlation coefficient of 0.91 (a close relationship
between the obtained data).

The results of this study can be used in tissue de-
sign technologies to predict their surface properties, as
well as in the examination of pile fabrics.
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C uCrmonp30BaHUEM JKCIIEPTHOTO METOAA BBIIBICHBI AECATH OONACTH MHTErpHpOBaHmsi cranmapTtos SO
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Abstract

Using the expert method, ten areas of integration of 1ISO 9001-2008 and ISO 22000-2007 standards were
identified, and a matrix of requirements for elements of an integrated quality and safety management system was

developed.
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Keywords: raw smoked sausages, chemical composition of meat, semi-finished products, raw materials, ad-

ditives.

AkTyanapHOCTh padorsl OOecrneyeHHe KOHKY-
PEHTOCIIOCOOHOCTH TIPOU3BOIUTENECH MHIIEBOM TIPO-
nykuun B KazaxcraHe B COBPEMEHHBIX YCIOBHUSIX He-
BO3MOXKHO 0€3 JOC-TH)KEHHSI yCTOHYMBOTO KauecTBa U
0e30MMacHOCTH MHINEBOW MpoayKImu. B 3Toil pabdorte
ocoboe BHHMaHHE OyHeT yIeleHO BHEIPEHUIO COOT-
BETCTBYIOIIUX CHUCTEM YHNPABJICHUA Ha NPEANPUATHUAX

MUIIEBON  TmepepabaThIBAlOMIe  MPOMBIILICHHOCTH.
3HAYNTETHHOE KOJMYECTBO CYIICCTBYIOMNX B HACTOS-
mee BpeMs CTaHAApTOB WM CIEUU(HUKAINNA TO3BOJISIET
PYKOBOJCTBY JIIOOOTO HPEANPHITHS BHIOpaTh HAUOO-
JIee MOIXOMSIIIN ISl JaHHOTO TIPEATIPUATHS BAPUAHT:
peanu3anys eqMHON CHCTEMbI WM COBOKYITHOCTH CH-
CTEM, MPEACTABIAIONINX HHTETPUPOBAHHYIO CHUCTEMY



34

POLISH JOURNAL OF SCIENCE Ne 28, 2020

ynpasieHusi. OCHOBHBIM MOMEHTOM 3TOTO BBIOOpA SIB-
JSIETCsI TIPEJICTAaBIEHHE 00 3THX BHUAAX CHCTEM YIpPaB-
JICHUA U O COCTOAHHUHU, OOIIOJIHUTCIBHBIX BO3MOXHO-
CTAX U MPEUMYIIECTBAX, KOTOPLIC MOTYT 6I>IT]) noJjy-
Y€Hbl 3a CUCT HX BHCAPCHUA Ha TMPCANPUATUAX.
OTBETCTBEHHOCTh IPOU3BOAUTENIEH MUIIEBBIX MPOIYK-
TOB 3a BHEJIpEHHE WM TOAJCp)KaHHE IMPOLEIyp, OCHO-
BaHHBIX Ha npuHIunax XACCII (ananu3 onacHoCTH U
KOHTPOJIbHBIE TOUYKH KauecTBa), ONPEeNseT aKTyalb-
HOCTb JAHHOH TEMBI.

Heabio padoThl SBISIETCS pa3pabOTKa WHTETPH-
POBaHHOW CHUCTEMBI yNPABIECHUS KOTOpas OTBEYAeT 3a
Ka4ecTBO M 0E30MaCHOCTH CHIPOKOITICHBIX KOI0ac my-
TéM coOnro/ieHns] TpeOOBaHMI CTaHJAPTOB KadecTBa
1SO 9001-2008 u 1SO 22000-2007 Ha ocHOBE mpoLIECcC-
HOTO M CHCTEMHOT'O ITOJIX0/IOB.

MertopnoJiorus ¥ MeTOAAbI HccieoBaHus. MeTo-
JIOJIOTUYECKast OCHOBA JIUCCEPTALIMOHHOTO HCCIIEI0Ba-
HUS BKJIIOUaeT B ce0sl KOMILIEKC OOIEHayYHbIX U CIe-
OUaTbHBIX MeT010B. OCHOBOI! HCCIIETOBAHUS SIBIISETCS
H3y4YeHNE COCTaBa M COJEp)KAaHHWS CBOOOIHBIX Msica
Pa3NIUYHOr0 TEPMHIECKOTO COCTOSHHUS JJIS pa3padoTKH
YCKOPEHHOTO0 METOAa HMICHTH(UKAIIMK MSCHOTO ChI-
PbsI, 3aMOPOKEHHOTO B MTAPHOM BHJIE MJIM TOCIIE OXJIa-
xKaeHus. Jlas aHanmu3a TEOPETHUECKWX MAAHHBIX HC-
MOJIF30BAJTUCH METOABI CHCTEMAaTH3aIMK 1 0000IIeHNs
MaTepraIoOB HAYYHO-METOJUICCKUX I/I3}:[aHI/II‘/II, HOpMa-
TUBHBIX TOKYMCHTOB U HepHOI[H‘IeCKOi/lI ncyaTu, a 1
MIPOBEJICHUS SKCIIEPUMEHTAIIBHOM YacTh paboT — opra-
HOJIENITHYECKUE U (PU3NKO-XMMHYECKHE METOMABI HC-
CIJIC/IOBAHUSL.

Pe3yabTaTsl ucc/iel0BaHUii C UCIIOJIB30BaHIEM
9KCIEPTHOTO METO/1A BBISIBIICHBI IECSITh 00JIaCTH HHTE-
rpupoBanus ctaggapros ISO 9001-2008 u ISO 22000-
2007, u pa3paboTana MaTpulla TpeOOBaHHI K dIIEMEH-
TaM HMHTETPUPOBAHHOM CHUCTEMBI YIIPABICHHUSA Kade-
CTBOM 1 0€301IaCHOCTHIO;

- HAy4YHO 000CHOBaHBI INOTCHIUAJIBHBIC HCTOY-
HUKW BOZHUKHOBCHHA BPEAHBIX W OIACHBIX d)aKTOpOB
Y PUCKH, XapaKTepHbIE ISl IPOU3BOJICTBA CHIPOKOITYE-
HBIX KOJIOAC, BBISBIICHBI HEJIONYCTHMBIE PUCKH, yCTa-
HOBJICH NepeueHb KPUTHUECKUX KOHTPOJIBHBIX TOYEK U
paspaboran mnan XACCII st ynpaBieHus B JaHHBIX
KPUTHYECKUX KOHTPOJIBHBIX TOUKAX; YCTAHOBIICHBI 3a-
KOHOMEPHOCTH BIIMSIHHSI JTAIlOB >KU3HEHHOTO IHKJIA
CBIPOKOITYEHBIX KOJIOAC Ha ITOKA3aTeNI Ka4ecTBa 1 0e3-
OTIaCHOCTH, HJICHTU(PHUIIMPOBAHBI U CTPYKTYPHPOBAHbI
MPOLIECCHI B COOTBETCTBHUHU C TPEOOBAaHMSAMH CTaHMAAp-
toB ISO 90012008 u ISO 22000-2007.

- paspaboTaHa MOAENb HHTETPUPOBAaHHON CH-
CTEMBI YIPaBJICHHUS KayeCTBOM M O€30MacHOCThIO Ha
ocHoBe TpeboBanuii cranaapros 1SO 9001-2008 u ISO
22000-2007 ¢ wucronb30BaHUEM IPOIIECCHOTO M CH-
CTEMHOT0 HIOIXO/I0B U OIIpeieeHbl HHPOPMAIIMOHHBIC
TpeboBaHus [yIs ee HYHKIIMOHNPOBAHUS;

- aJIaITUPOBaHa K TEXHOJOTHECKHM YCIIOBHUSIM M-
cornepepabaThIBAIONIET0  NPEANPUSATHS ~ METOAMKA
OLIEHKH Pe3yJIbTaTHBHOCTH WHTETPUPOBAHHON CH-
CTEMBI YIPaBJICHHUS KauyecTBOM M O€30MacHOCTHIO Ha
OCHOBE TpeOOBaHMS U KPUTEPUEB CAMOOLICHKH, TI03BO-
JSIFOLIAst ONPEETINTh YPOBEHb PA3BUTHS HPEIIPUITUSL
Y BBISIBUTH OCHOBHBIE O0JIACTH IS YITyUIICHUH.

3akaioyenue |.Ha OCHOBE CPaBHHUTEIHHOTO aHa-
JIM3a U 9KCHEPTHOU OILEHKU YCTaHOBJIEHBI JECITh 00-
jmactd uHTerpanuu cragaaproB MCO 9001-2008 u
HCO 22000-2007 u pa3paboTaHbl TPeOOBaHUS K 31€-
MEHTaM HMHTEIPUPOBAHHON CHUCTEMBl YNPAaBICHUS Ka-
YECTBOM M 0€30MIACHOCTHIO, TAPAHTHPYIOIIHE BEITYCK
MPOAYKIMHU C 33JaHHBIMU TTOKa3aTeIIMU KadecTBa U
0e301acHOCTH.

2.MpOBEJICH aHaIW3 MOJYYEeHHBIX 0O0pa3IoB,
HAy4YHO 00OCHOBAHbI MOTEHIIUATHHBIC UCTOYHUKU BO3-
HUKHOBEHUS OMACHBIX (DAKTOPOB, BBISIBICHBI HEIOIY-
CTUMBIe pUCKH, pa3paboTan mian XACCII. Jloka3aHo,
YTO YCTPaHEHHE OMACHBIX (HAKTOPOB BO3MOXKHO NP
BHEJIPEHUM WHTETPUPOBAHHOM CUCTEMBI YIIPaBJICHHUS
Ka4eCTBOM U 0€30MaCHOCTBIO.

3.yCTaHOBJIEHbl 3aKOHOMEPHOCTH BIIMSHHS OTa-
OB JKU3HCHHOTO IUKJIA CHIPBIX KOMYEHBIX Koibac Ha
MOKa3aTel KauyecTBa M OC30MaCHOCTH, UIACHTU(DHUIIH-
POBaHBI M CTPYKTYPHPOBAHBI MPOIECCHI B COOTBET-
cTBHH ¢ TpeboBanmsamu cranaaptoB MCO 9001-2008 u
NCO 22000-2007, B pe3ysbTaTe KOTOPHIX OBUTH 3aJI10-
JKEHBI CXEMbI YIIPaBIICHUs, 00ECIICUSHHUS U B3aUMOICH-
CTBHS 0A30BBIX MPOLIECCOB, ONPE/IEISIONINE HATPABIIe-
HUSI MaTePUAIBHBIX M WH()OPMAIMOHHBIX TOTOKOB U
OTpaXKAIOIINE B3aUMOJICUCTBHE MTPOIIECCOB.

4.pa3paboTaHa MOJellb WHTETPUPOBAHHOW CH-
CTEMBI YIpaBJICHHUs KAaueCTBOM M O€30MacHOCTHIO Ha
ocHoBe TpeboBanmii ctanmapToB MCO 9001-2008 u
HCO 22000-2007 ¢ ucnoab30BaHUEM MPOLECCHOTO U
CHCTEMHOTO TOJIX0JIOB U OIIpeeIeHbl HH(POPMAIHOH-
HBIC TPeOOBaHUS T e¢ (PYHKIIMOHUPOBAHUS.

5.K YCIOBHSAM MSCOIEPEPa0aThIBAIOIICTO IIPE/-
MPUATHS aJaNTHPOBAaHA METOAMKA OLICHKU pe3yibTa-
TUBHOCTH MHTETPUPOBAHHOW CUCTEMBI YITPABJICHHS Ka-
4EeCTBOM M 0€30MaCHOCTHIO HA OCHOBE KPUTEPHEB Ca-
MOOIICHKH, MO3BOJISIIOIIASl  OTMPEICIUTh OCHOBHBIC
OTpPAcCJIX [UIsl YCTAHOBIICHU U YJIyYILIEHUs YPOBHS pas-
BUTHA NPCATIPUATHUSA.
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KadecTBO KOJIOACHBIX M3JIENUI OTpa)kaeTcsi Ha BHEIIHEM OOJMKE, B IIBETE M BHEIIHEM COCTOSHHHU OaToHa,
THIIE, 3araxe 1 BKyce (apiia B pa3pe3aHHOM BHUJIE, KOHCUCTEHINH, (opMe, pasMepam (apliia 1 Kak OlCHUBACTCS
B 3aBHCHMOCTH OT IpHUBsA3kH OaToHAa. Kpome TOTO, IpeaycMOTpEHBI CIIOCOOBI U CpeacTBa GarbCHPHUKAINN KO-

OacHBIX M3/ICTHH, METOIBI UX OIIPEICIICHUS.
Abstract

The quality of sausage products is reflected in the appearance, color and appearance of the loaf, the type,
smell and taste of minced meat in cut form, consistency, shape, size of the minced meat and how it is evaluated
depending on the binding of the loaf. In addition, there are ways and means of falsifying sausage products, methods

for determining them.

KiioueBble ciioBa: CBIPOKOIMYCHHBIX KOJ‘IGaC, XAMHYECKUI COCTaB MscCa, HOJ‘Iy(baGpI/IKaTH, CBIPbE, ):[O6aBKI/I.
Keywords: raw smoked sausages, chemical composition of meat, semi-finished products, raw materials, ad-

ditives.

AKTyaJIbHOCTH padoThl B HacTosee BpeMs B
YCIIOBHSIX Pa3BUTHUS MSICHOTO PBIHKA IPH MIPOEKTHPO-
BaHUH IPOU3BOJCTBA (PYHKINOHATBHBIX U OMOTIPOAYK-
TOB M UX TEXHOJIOTHH CYIIECTBYET CIOXKHAs Ipobdiema
M3yYeHHUs] Ka4ecTBa, KOHKYPEHTOCHOCOOHOCTH M TO-
TPEOUTETHCKOTO MPUOPUTETA. B 3TOM CBS3M, OMHUM U3

BAKHEHIIMX MECT B PHIHOYHOM MO3ULMHU 3aHUMAIOT
KOJI0ACHBIE N3IEINA.

Bwmecre ¢ Tem, B paMKaxX CTaHAapTH3ALWH ITHIIE-
BBIX NMPOJAYKTOB HE MPEJCTABISACTCS BO3MOXKHBIM Kap-
JNUHAIBHO M3MEHUTHh CIIOXHUBIIMICS Ha MPOTSIKEHUH
JIECSITHIETUN CUCTEMHBIA PEKUM U OTKAa3aThCsl OT MO-
JIOKUTEIHHOTO OMbITa. BakHO COXpaHUTH OanaHC
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MEXXy HHTepeCcaMHt MPOU3BOANTEICH U IOTpeOUTENeH,
3HAYUTEIBHBIMHA PUCKAMH TOTPEOICHHS TPOIYKIINN U
BO3MOXXHOCTAMMU, CBA3aHHBIMU C YPOBHEM HAYUYHO-TCX -
HHYECKOTO U 9KOHOMHUYECKOTro pa3BuThs. /s konbac-
HBIX M3JENUH, C OJHONH CTOPOHBI, HEOOXOJNMO yCTa-
HOBJICHHE ONTUMAIILHBIX TEXHUYCCKUX TPEOOBAHUNA U
NoKazaTesied JJIsl MPOU3BOJICTBA KOHKYPEHTOCIIOCO0-
HOHM NPOAYKIMH, & C JPYTOH - JJIsI 3aIlIUTHI MTOTPeOH-
TeNS OT OMACHOM MPOAYKIMH M obecrieueHus Oiaro-
TIPUSATHBIX TIOTPEOUTEIECKAX CBOMCTB M KadyecTBa TO-
BapoB.

KonbacHple n3aenusa-3To mpoayKT, KOTOPEIi oI~
Bepraercs TepMUIecKoii 00paboTke U (hepMEeHTHPOBa-
HHIO C 100aBJIIEHHEM COJIM M CIIelui 13 Qapia, ¢ Ko-
KYpoil u 0e3 KOXKYpBI, a TaKKe O TOTOBHOCTH K I0O-
TpebIeHuIO.

Leanio paboThI sIBISIETCS IPUBECTH KOJOACHBIE
M3/eIMsl K HauOOJbIIEeH MOMyJISIPHOCTA U OOJNBIIOMY
CIPOCY Ha OTEYECTBEHHOM PBIHKE MHUILIEBBIX MPOIYK-
TOB, K CPAaBHUTEIHHOMY MPEUMYIIECTBY CPEIH MSCO-
TIPOAYKTOB

Metonosoruss U MeToabl HcciaeaoBanus. O-
HaKO OH OTHOCHTCSI K YHCIY CKOPOIIOPTSIIUXCS TIPO-
IYKTOB, ITO3TOMY HEOOXOAMMO MOCTOSTHHO KOHTPOJIH-
poBaTh KauecTBO TOTOBOM npoaykuuu. KauectBo msca
Y MSICOTIPOJIYKTOB OIIpEAEIsIeTCs KOMILUIEKCOM MoKa3a-
TeJel C yueTOM MHOT'000pasus cocTaBa, 0COOCHHOCTEM
CBOMCTB. B olleHKe YpOBHS KauecTBa OUeHb BaXKHBI I1e-
JIeBbIE TI0Ka3aTelv, C HOMOIIBIO KOTOPHIX 00eceunBa-
eTcsl mosHass MH(POPMaIHs OTHOCUTEIBLHO OHoyornye-
CKOW HEHHOCTH IPOIYKIMH, OPraHOJIENTHYECKUX I10-
Kazarened, TUTHEHHYECKUX W TOKCHKOIOTHYCCKHIX
MOKazaTeJIel, a TaKKe CTAOMIBHOCTH CBOMCTB. O1eHKa
TOTOBBIX KOJOACHBIX HM3JIEIHH OCHOBBIBACTCS Ha pe-
3yJbTaTaxX OMPENIEICHUS OPTaHOJIETITUIECKHUX, (PH3HKO
- XUMHUYECKAX W MHUKPOOHOJIOTHYECKIX MOKa3aTeleH.
KauecTBO KOJIOACHBIX U3/IEJIMI OLIEHUBAETCS 110 BHEII-
HEMy BHUJYy, [IBETY U BHEIIHEMY COCTOSHHIO OaTOHa,
THUIly, 3amaxy ¥ BKyCy Qapiia B pa3pe3aHHOM BHJE,
KOHCUCTeHIIWH, (Gopme, pazMepam H OaToHaM NPHUBS-
3aHHOCTH. O00JI0OuKa KOJIOACHBIX M3/ENUil JI0IDKHA
OBITH cyXasi, IPOYHAasi, THOKast, TPU STOM CJIE/IbI CIIM3H-
CTOM HE JJOJDKHBI OBITH 3aMETHBIMH U HE TIOTIAAATh IIIe-
CCHH.

Pe3yabTathl ucciegoBanmii B cbipokonueHbIx
KoJbacax JIOIyCKAaeTCs TIonaaHue OeJon TIIeCeH!, HO
HE JJOJDKHO TIEPEXOIUTh U3 000I0YKH K (apiry. Kpome
TOTO, IBET (papia OT paBHOMEPHO PO30BOTO JI0 TEMHO-
KPacHOTO 1IBETa, CepbIe ISITHA HE 3aMETHbI, a caM (apii
PaBHOMEpPHO MEPEMEIINBACTCS C KYCOYKAMH IIIIHKA,
MWK - O€JIOTO 1[BETa UJIM C PO3OBBIM OTTEHKOM (KOJI-
Oacel mepBoro copra - 10 10%, a konbacsl BTOPOro
coprta-no 15% »xenroBaroro mmnuka). KonbacHsle n3-
JIeTHs UMEIOT 00JIee BHICOKYIO KQJIOPHHHOCTD, YeM HC-
XOJIHOE MSICHOE CHIpbE, TaK KakK IPH ero IPOU3BOJICTBE
MCKITIOYAIOTCS MaJIOIICHHBIE COCTABIISIOIINE, OTHOCS-

myecsl K MUTaTeNbHOCTH. M3MenbueHue msica, 106aB-
JIEHUE CIeuuil, cMecell, Apyrux apoMaTH3aTOpOB K
MsiCy (POPMHUPYET OPraHOJICITHYECKYIO LIEHHOCTh KOJI-
6aCHle I/I3}1€HI/II>1 " IMOBHIIIACT €€ BCACbIBAHUC
3akarouenne. B Hacrosmee BpeMsl BaKHBIM
HalpaBJIeHUEM COBEPIICHCTBOBAHMS ACCOPTHMEHTA
KOJIOACHBIX M3JICITUH SBIISIETCS UX TPOM3BOACTBO C BbI-
COKHM CpPOKOM XpaHEHHWs, CO3JaHHe yNOoOHOH yma-
KOBKH, BBIITYCK HAIIOJIHUTEISIMU U3 PACTUTEIHHOTO ChI-
pbst. TexXHOMOTHA MPOM3BOACTBA KOJIOAC JOCTATOYHO
CIIOKHasA, TpeOyeT NPHUMEHEHHS CHEHHaIbHBIX IpH-
crocoOJIeHNH U OTpeNeTIeHHBIX HaBBIKOB. Ho oH mo-
CTHTaeTCs 110 HOBBIM JOCTIKEHUSIM HAyKU M TEXHHUKH.
B coBpemMeHHOM Mupe K0oOacHOE POU3BOJICTBO MPH-
3HACTCAd COBPEMEHHBIM, BBICOKOTCXHOJIOTUYHBIM ITPO-
LIECCOM, OXBATBIBAIOIIUM TI€PEOBbIE JOCTHKEHHS T'H-
THEHBI MUTAHW, TEXHOJIOTHUECKOI HayKH U a30THOTO
uckycctBa. TpeboBaHUs PHIHOYHBIX YCIOBHUIT U BCTYII-
nenue OonpmHCTBa rocyaapcts B BTO mnorpeOyror
IIPOM3BO/ICTBA TOTOBOM MPOAYKIINH, 00eCIIeynBatoNIeH
BBICOKOE KayecTBO Ha MHUPOBOM PBIHKE, KOHKYPEHTO-
CHOCOOHOM, C HEOONBIIMMHU 3aTpaTaMH W BBICOKHM
skoHOMIYecKuM 3¢ dexrom. [TorTomy B By3ax, creru-
ANM3UPYIONINXCA Ha NMUTAHUHM, HEOOXOANMO MPHUCTY-
IIUTH K TOATOTOBKE BHICOKOKBATH(UIIMPOBAHHBIX CIIE-
LUAJIMCTOB, TOJBKO TOrAa OyJIeT OCYNIECTBIATHCS CO-
BEpILICHCTBOBaHME nepepaboTku CBIPbSI u
MIPOM3BO/ICTBA KAYECTBEHHOW M KOHKYPEHTOCIOCO0-
HOH MPOAYKIMHU C UCIIOIb30BaHHEM 000PYHOBaHUSL.
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AHHOTAUMS

B HACTOAIEC BpEMSI HHTCPCChl COBPEMEHHOT'O ropoJia 1 ousHeca JAUKTYIOT Tpe60BaHI/I$[ K OCBOCHHIO ITIOA3EM-
HBIX IIPOCTPAHCTB. OcBoenne TIOA3EMHOI'0 ITPOCTPAHCTBA UCTOPUIECKUX TOPOAOB — 3TO €AMHCTBEHHAsA BO3MOXK-
HOCTB CJIIeNIaTh COBPEMEHHOH KU3Hb rOpoa-My3esi, COXPaHUB €TO CIOXKUBIIMNACA Ha MPOTSDKEHIH BEKOB OOJHK.

Takum 00pazoM, CTPOUTENBCTBO MTOJ3EMHBIX COOPYKEHHH 10 TEXHOJOTH «top-down) ITO3BOJIUT CTPOUTH B
CTCCHCHHBIX YCJIOBUAX C MUHHUMAaJIbHBIM BO3)Z[CI‘/‘ICTBI/IGM Ha 6J'II/ISCTO$[I_III/I€ HOCTpOﬁKH, a TaK X€ BO3MOXHOCTBHIO
BECTHU CTPOUTEIILCTBO OJHOBPEMEHHO Ha3zeMHOHN U HO}Z[3CMHOﬁ yactd. B T0 BpEMs KaK TEXHOJIOTHA <<up-down»
TMMO3BOJIAET BO3BOJUTHL HOBLIC COOPYKCHUA 1OA HCTOPUYCCKHUMHU paﬁOHaMH ropojga ¢ MUHUMAJIbHBIM BO3}I€I‘/‘I-
CTBHUEM Ha HHUX.

Abstract

At present, the interests of the modern city and business dictate the requirements for the development of
underground spaces. The development of the underground space of historical cities is the only opportunity to make
the life of a museum city modern, preserving its appearance that has been formed over the centuries.

Thus, the construction of underground structures using the "top-down" technology will allow building in
cramped conditions with minimal impact on nearby buildings, as well as the ability to build both ground and
underground parts. While the "up-down" technology allows you to build new structures under the historical areas

of the city with minimal impact on them.

KaioueBble ci10Ba: Mo 3eMHOE CTPOUTENBCTBO, CBEPXY-BHHU3, BBEPX-BHU3, 3P (PEKTUBHOCTS.
Keywords: underground construction, top-down, up-down, efficiency.

AKTHBHU3AIUS OCBOCHUS MTOJI3EMHBIX POCTPAHCTB
JIUKTYETCS IPSMBIMU HHTEPECaMU Tropo/ia u ousHeca. B
HACTOSIIEe BPeMsI IIPOCKTH MHOTO(YHKITHOHATEHBIX U
JKUITBIX KOMILUICKCOB C 3arTyOJICHHBIMU MAPKHHTAMH H
TOPTOBBIMH TIPOCTPAHCTBAMH BOCIPHHUMAIOTCA Kak
a0COTFIOTHO OOBIYHOE SIBJICHUE B apXUTEKTYPE U TPaso-
CTPOWTENbCTBE. Peanm3amus Takoro poja IPOEKTOB
CBsI3aHA C KOMIUIEKCOM padoT 10 YCTPOUCTBY MOI3EM-
HOTO HpOCTpaHCTBa, BKJIHOYAaKIIIUM MepOHpI/IﬂTI/Iﬂ 110
YCHJICHHIO (DYHIAMEHTOB COCCIHUX 3aHUI U BEICHHE
MOHUTOPHHTA 32 UX COCTOSTHUEM.

OcBoeHUE MOJI3EMHOT0 TIPOCTPAHCTBA UCTOPHYC-
CKUX TOPOJIOB — 3TO CIMHCTBEHHAS] BO3MOYKHOCTB CIC-
JaTh COBPEMCHHOW JXU3HB TOpPOJA-My3esl, COXPaHHB
€ro CJIOKHUBIIHUICS HA MPOTSHKCHUN BEKOB OOJUK. JTa
OUCBHUIHAS WCTHWHA CIIPaBEINBa KakK i UCTOpUYC-
CKOTO IIEHTpa B LEJIOM, TaK U JJIS OTACTHHBIX 3IaHHHA-
MaMATHHUKOB (HOBEIE TO3eMHBIe BecTHOI0MM JIyBpa B
[Mapmwxke). Mcnonp3oBaHne 3MaHUA-TTAMATHUKOB IS
COBPEMEHHBIX HYXI (Jake IO HUX H3HAYAIbHOMY
Ha3HAYEHUIO), OUYEBHUIHO, HEBO3MOXHO 0€3 BHECEHUS
HEM30EXKHBIX W3MEHEHHH, IUKTYEMBIX BpPEMEHEM.
HpOl/ICXOﬂHU_ll/Ie HN3MCHCHUA B 06LlI€CTBe C UIBMCHCHUECM

MPEJICTaBIICHHS O KOM(OPTE 1 0€30IaCHOCTH 00y CIIOB-
JIMBAIOT HEOOXOAMMOCTh B PEKOHCTPYKIMU TEATpoOB U
MY3€eB BO MHOTHX I'OpOJIaX MHpA.

LleHTpanbHOE MECTO B OCBOGHHH HOA3EMHOTO
MIPOCTPAHCTBA MPH Pa3padOTKe MPOEKTOB MOJ3EMHBIX
KOMILJIEKCOB B YCJIOBHUAX IUIOTHOM TOPOACKOM 3a-
CTPOMKH OTBOAUTCS HOJIY3aKPHITOMY CIIOCO0Y BEICHHS
pabor.

CyIIHOCTh MOJy3aKphITOro crocoba pabor 3a-
KIIFOYacTCda B MEPBOHAYAJIbHOM BO3BCICHUU CTCH I1O/-
3eMHOT0 COOPYKEHHSI CO BCKPBITHEM IOBEPXHOCTH
3eMJIM JI0 OTMETKH HU3a MEPEKPhITUS TTOJ3EMHOM Ya-
CTH W YCTPOMCTBOM NEPEKPHITHH, C TIOCIeLytoel 00-
paTHOH 3aChINKOM KOTJIOBaHA U Jlanee pa3pabaThIBaroT
TPYHTOBOE IO BHYTPH 00BEKTA, BO3BOJST CTEHBI, KO-
JIOHHBI ¥ MEX3Ta)KHBIE TIEPEKPBITHS MTOI36MHOM YacTH.
Pa3sHOBHAHOCTH MOY3aKPBITOTO CIIOCO0A MOI3EMHOTO
CTPOHTENHCTBA! «CBepxy-BHH3» (UP-DOWN),
«CHH3Y-BBEpX», «BBepX-BHU3» (TOP-DOWN).

Merox «cHH3y—BBEpX» BKJIIOYAET CIEIAYIOLIHNE
3Tambl: pa3paboTKa rPyHTa Ha BCIO TIIyOHHY COOpYKe-
HUS C OJHOBPEMEHHBIM 3aKpeIUIeHHeM CTEH paccTpe-
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JIAaMH WJIA aHKePaMH, BO3BEACHUE MEXIYIPYCHBIX Iie-
PEKPBITUI B HallpaBIeHUM CHU3Y—BBepX. [Ipeumyie-
CTBaMH JIJaHHOT'O METO/1a SIBJISIFOTCS IPOCTOTA PaboT 1O
pa3paboTKe TPyHTa U BO3MOXHOCTh NMPUMEHCHHS BbI-
COKOIIPOU3BOJIMTENILHOTO 3€MJIEPOItHOr0 000pyHOBa-
HUs. OCHOBHBIM HEIOCTATKOM — HEOOXOJAMMOCTh JI0-
MOJIHUTENBHOTO KPEIIEHUS TPAHUIEHHBIX CTEH.
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3ajenKa HIKHEH 4acTH CTEH B TPYHTaX, a TaKkkKe
IIPUMEHEHHE PACIIOPHBIX KOHCTPYKINH, 5ke1e300€TOH-
HBIX TOSICOB M aHKEPOB O0ECIeYMBAET YCTOWYHMBOCThH
CTEH MOJ3EMHOI'0 COOPY KEHHS.

KoHCTpYKTHBHBIE CXEMBI COOPYXKEHMH C TMapal-
JIeTbHBIMU CTEHAaMU IIpUBeIeHb! Ha (puc. 1).
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Puc. 1 KoncmpyxmugHule cxembl cOOPYdHCeHUs ¢ NAPALNENbHBIMU CIEHAMU: a4 — KOHCONbHASA CIeHa; O — cmeHbl
C Kpenjenuem pacnopkamu, 6 — Cmenvl ¢ Kpenienuem ankepamu. 1 — cmena, 2 — pacnopka, 3 — anxep, H — 2ny-
OUHA 3a710HCEHUSL CIMEHbL

OTKa3aThCS OT METAJUIMIECKHUX PACTIOPHBIX KpeTl-
JIeHWH, YMEHBIIUTD JIUHY U AHaMeTp TPyO orpakie-
HUS U CYIIECTBEHHO YCKOPUTH MPOHU3BOJACTBO paboT B
KOTJIOBAHE IpPHU CTPOUTCILCTBE B YCIIOBUAX JIOTHOM
TOPOJICKOM 3aCTPOMKHU ITO3BOJIMIIO IIPUMEHEHUE OCO-
00l TEXHOJIOTHH, 00ecIeunBaroIiell 6e30MacHyI0 K-
TUTyaTanuio Onu3crosmux 3aanuid. K takoit TeXHOI0-
THUH OTHOCHUTCS BO3BEICHUC HYJICBBIX ITUKIOB METOIOM
«CBEPXY-BHU3» H «BEPX-BHU3.

CyIHOCTS METOA «CBEPXY-BHH3Y 3aKIIIOYACTCS B
pa3paboTke TpyHTa Ha BEICOTY sIpyca C BO3BEIACHUCM
MEXIYSIPYCHOTO TIEPEKPHITHS, OHOBPEMEHHO BBITIOJN-
HSIOMIEE POIb PACIIOPOK, OOECTICUMBAIOIINX YCTOHIH-
BOCTb cTeH. [Ipr He0OXOAMMOCTH ITUKII TIOBTOPSIFOT. [ 1]

HOCHeHOBaTeHBHOCTB TCXHOJIOTYU HYJICBBIX IUK-
JIOB METOJIOM CBEPXY BHH3: YCTPOHCTBO IMPOCKTHBIX
IUIUT NEPEKPBITUN CHAadala Ha BEPXHUX 3Taxax, OT-
KOIIKA TPYHTa M3-TI0JT HUX C BO3BEICHHEM IEPCKPBITUI
HAa HIDKCIICKAIMX 3TaXKax, OTKOMKa TPYHTA H3-TOJ
HUX WM CTPOUTEILCTBO (PYHAAMEHTHOH IUMTHL. Bo
BpEMsI CTPOUTEIBCTBA BCE TUTUTHI TIEPEKPHITHS OMUpPa-
IOTCSI Ha BPEMCHHBIC CBaW M OTPaKJICHHE KOTIIOBAaHA,
KOTOPBIE TIOCJIC BO3BEACHHUS MTPOSKTHRIX KOJIOHH ¥ CTCH
1 HabOpa COOTBETCTBYIOIIEH MPOYHOCTH UX OCTOHA U
Y3JI0B COSAMHEHHSI C TIEPEKPBITHAMH YIAISIOTCS.

Ponb pacnopok B KOTJIOBaHaX IO 3TOM TEXHOJIO-
TUU UTPAIOT MPOEKTHBIEC IIIUTBHI IEPEKPBITUA, KECT-
KOCTb KOTOPBIX 3HAYUTCIIBHO BBIIIC, YEM TPaJAUI[UOH-
HBIX CTaJIbHBIX KOHCTPYKIUH. [3]

Jnst coznanust ycnoBuii 0€30MacHOro Mpou3BOA-
CTBa padOT TPH CTPOMUTENHCTBE KOHCTPYKLUS Y3JI0B
COTIPSKEHUS] BDEMEHHBIX M TIOCTOSIHHBIX KOHCTPYKIIAH
HYJCBOIO [HKIA JOJDKHA OOECHeYuTh MEepEeHOC
HATrpy3KH OT BEPXHHUX CTPOCHUH C BPEMEHHBIX Ha IO-
CTOSIHHBIE TIPOCKTHBIC KOHCTPYKITUH.

OmvH ©W3 TPUMEpPOB TIPUMEHEHHS MeEToda
«CBEPXYy-BHU3» SBICTCS 3aHUE HOBOTO KOpITyca Ta-
nepeu A. Illunosa, 3aIpOEKTHPOBAHHOTO U MOCTPOCH-

HOoro OO0 «HII® «DyHIaMEHTCTPOUIIPOEKT». TexHO-
JIOTHYECKOE PeIIeHHe M0 BO3BEACHHUIO MTOI3EMHON Ya-
CTH HOBOTO KOpITyca Tajeper BKII0YAJIO YCHIICHHE OC-
HOBaHMH (DYHIaMEHTOB CYIIECTBYIOIIETO 3IaHUs 110
CTEeHe, MPWIETaloNiel K CTPOUTENBHON IUIOMIAAKE ITy-
TEeM: [[EMCHTAIMH KOHTaKTa PyHIaMEHT-TPYHT, XUMHU-
YECKHUM 3aKperyieHHeM TPYHTOB I0J] ITOJ0UIBOM (yH-
JTaMEHTOB Ha ITyOMHY 8 M, HECKOJIBKO IPEBHIIIAIONTYIO
rTyOMHY KOTJIOBaHA, [IEMCHTAINEH Tena QyHIaMeHTa ¢
YCTpOCTBOM MOHOJIMTHOI 'ke1e300€TOHHOH pyOariku
TONIKUHON 15 cM 1 BeicoTOM 1,75 M B IpeiBapUTENBbHO
OTKOIIaHHOH 3aXBaTKaMH IO 2 M TpaHIIIee Ha BCIO TIIy-
OMHY 10 MOIOMBH (hyHIAMEHTA C MOCIexyromeii 00-
paTHOI1 3achIKoii. [3]

B kadecTBe pacropHOW CHCTEMbI OBUIO ITPUHSITO
nepekpsitue Ha 0TM. 0.00, YTO MO3BOIMIIO HECMOTPS Ha
HaJIMYHE BYX CYIIECTBEHHBIX HEJJOCTATKOB (YIOpOXKa-
HUE Pa3padOTKH TPYHTAa M YBEIMYCHUE KOJIHYECTBA
BPEMEHHBIX CBall): OTKa3aThCsl OT JOPOTOCTOSIIEH pac-
TIOPHOW CHCTEMBI; OBBICUTD JKECTKOCTh i YMEHBIINTh
nedopManyi CyIIECTBYIOUIETO J0Ma; CHH3WTh JIua-
MeTp wmyHTa A0 219 MM; YMEHBUIUTbh TEXHOJOTHUYE-
CKO€ BO3JICHCTBHE MPH JHUICPHOM OypEHHH MEHBIINM
UaMETPOM; CHU3HUTH PACXOJl MeTajla Ha IITyHT.

Takum 00pa3oM, TPUMEHEHHE TEXHOJOTHH
CBEpXy-BHH3 TMO3BOJIET  PEaM30BaTh  MPOCKTHI
YCTPOWCTBA HYJIEBBIX IMKIIOB TIyOWHOW CBBIIIC 5 M
MIPY HAJIWYUU B 30HE BIIMSHUSI CTPOUTEIBCTBA MHOT'O-
STAXXHBIX COOPY)KEHUMU, aBapUIHBIX 3JaHUN U MaMsT-
HUKOB apXHMTEKTYPbI B CXKaTble CPOKH, a IIPH CTECHEH-
HOCTU CPEACTB 3aCTPOMIIMKA IO3BOJSAET BBOJUTH B
AKCIUTYaTaIUIo 31aHUC YaCTIMHU.

Meton «BBepx-BHH3» wiu top-down sBisercs
Pa3sHOBHIHOCTBIO CIIoco0a «CBEPXY-BHH3» M 3aKII0Ya-
eTCs B OJHOBPEMEHHOM BO3BEIEHHH IOI3EMHON U
HaJI3€MHOM YacTeH 30aHUs.

[Momy3akpeITHIi cITOcO0 CTPOUTENHCTBA (Semi top-
down) — mpemycMaTpuBaeT BO3BEICHHE HYJICBOTO
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LMKJIA UMb YaCTUYHO MO/ 3alIUTON MEepeKpbITUI, KO-
TOPBIE MOTYT BBIMOJIHATHECS B BHJE IHUCKOB C OYEHBb
60BIINMH IIPOEMaMH, ONIUPAIOLIUXCS 110 KOHTYPY Ha
TPaAHILEHWHbIE CTEHBbl U IOJACPKHUBAEMBIX IPOMEXKY-
TOYHBIMHU CTaJIbHBIMU OYpOBBIMH KOJIOHHAMH. CTpou-
TEJIBCTBO MOJ3EMHOT0 COOpyXeHus mo merony TOP-
DOWN mnpenycmartpuBaer paboTy ¢ THKCOTPOIHBIMHU
TPYHTaMHU B CTECHEHHBIX YCJIOBHSX I10J] PaclOPHBIMHU
KOHCTPYKIMSAMH C TTOMOIIBIO MallorabapuTHON Tex-
HUKH.

[Ipn ocBOoeHMM NOA3EMHOTO MPOCTPAHCTBA Ha
MIEPBOM 3Tare BO3BOIATCS OTPAXKAAIONINE KOHCTPYK-
MM METOJOM MOTPYXEHHUs IIIIyHTa, YCTpOiicTBa
CTEHBI B TPYHTE WJIN OYPOCEKYIIUXCS CBaii, a TakxKe He-
CyllIye KOHCTPYKIMU B BHJIE CBaii-KOJIOHH. Y CTaHOBKa
CBaii-KOJIOHH BBINOJHSETCSI C IOBEPXHOCTH 3€MIIH 10
OIIOPHOTO CJIOS, IIPH STOM MX BEPXHSS YaCTh MOXKET ap-
MHPOBAThCS CIIEIMAIBEHBIME DJIEMEHTAMU: MeTaJInde-
CKUMH Cep/IeYHUKaMU B BHJIE TPYOBI, JABYTaBPOBOTO
TpodHIIst WK IPYTUX HECYIInX 3JeMeHToB. [locne co-
OpYXXEHUsI TIEPEKPHITHS TIEPBOTO 3Ta)ka, KOTOPOE BBI-
MOJHSAET (YHKIMIO PACIIOPKH JUIS OTPAXKICHHUS, HAUH-
HAETCsI OTKOIIKA C YCTPOHCTBOM IEPEKPHITHS IEPBOTO
MOJI3EMHOTO YPOBHsI, KOTOPOE «BBIBELIIMBACTCS HA M-
TAJUTMIECKUX CEPJCUYHHNKAX CBal-KOJIOHH, U TaK Jalee,
BIUIOTH A0 CaMOr'o HHXXHETO, NPEAYCMOTPEHHOI'0 B
npoekre. [Tocrne 3aBepiieHuns: ycTpoiicTBa nepeKphIThs
HYJICBOT'O YPOBHS MOXHO BO3BOAWTH OAHOBPEMEHHO C
MOJI36MHON YacThIO M HaJ[3eMHBIE KOHCTPYKIHHU (KO-
JIOHHBI, CTE€HBI U T. 11.). HeoOXomumo npeaycMoTpersb
COBMEIIEHHBIH TpaduK paboT MO OTKONKE HIDKHHUX
ypoBHEHl M OETOHHBIX PabOT BEPXHUX YPOBHEH, a
TakXke 00CCIeYnTh HEOOXOAUMYI0 HECYIIYI0 CII0CO0-
HOCTh CEPACYHUKOB CBAl-KOJOHH Ui BOCHPHSITHS
CTPOUTENIBHOM HAarpy3ku Kak IOJ3€MHOH, Tak H
HaJI3€MHOM YaCTH 3IaHU.

Baxxno orMmeruth, uro Texuomorus TOP-DOWN
MO3BOJISICT MHHUMHU3UPOBATh Ae(hOpMaIliK OrparKaaro-
MIMX KOHCTPYKIMHA M COOTBETCTBEHHO OCAJKH COCE/I-
HuX 37aHuid. JlocTuraercs 5To 3a cUeT MOHTa)ka pac-
MOPHBIX TEPEKPBITHH, KOTOPBIN OCYIIECTBISETCS IO
Mepe OTKONKH KOTJIOBaHA, CTCHKH KOTOPOTO B pE3YJlb-
TaTe MPaKTHUECKH HE CMEMIAITCA. JTO o0ecreunBaeT
3aCTPOHIIMKY BOZMOXXHOCTh BO3BOJUTH CPa3y MOJ3EM-
HBIH ¥ Haa3eMHbIH 00beMbl. Texunonorus TOP-DOWN
TIO3BOJIUT OT/IENIKY BEPXHHX 3TAXKEH OCYIIECTBIISATH OA1-
HOBPEMEHHO C OOIIECTPOMTENBFHBIMH paboTaMH Ha
HIDKHHX YPOBHSIX, 9TO TIOMOKET COKPATHTh CPOKH BO3-
BCACHUS 00BEKTa U HWHBCCTUIIMOHHBIC ITOTEPU, KOTO-
pble BO3HHMKJIIM U3-3a J0JITOTO COTJIACOBAHUS MPOCKTA.

IIpu ycTpoiiCcTBE NOA3EMHBIX COOpPYKECHHH B
Cankr-IlerepOypre yxe Ha CTaJIMH BBIIOJIHEHHS padoT
MO YCTPOMCTBY OTpaKICHUsI (PUKCHPOBAIUCH MHOI'O-
YHCJIEHHBIE Cly4an aedopMalii OKpy’Karomeh 3a-
CTPOMKH.

[ITrpoko n3BECTHHI Cydan aBapUHHBIX Aedopma-
LU CYUIECTBYIOIIMX 3AAHUN MIPU YCTPOUCTBE PAIOM C
HUMH OTpaKICHUN KOTJIOBaHA U3 OypOHAOMBHBIX CBAM.
IIpu ycrpotictBe orpaxnenus u3 30-MeTpoBEIX Oypo-
HaOMBHBIX CBall MOJ| 3amuTol 00cagHOIl TPyObl Iua-
MeTpoM 1,2 M Ha PacCTOSHUH OKOJIO 3 M OT CYIIECTBY-
foriero goma ocanka gocrurana 10 cm. B pesynsrare
4ero 3IaHue PACcKOJIONIOCh U ObLTO pa3odpano. Ocaaku

HaOMIOJAaMCh HAa PACCTOSHUM, INPHMEPHO COOTBET-
CTBYIOILIEM I'TyOMHE OTpaXICHNU.

Eme onuH HeratuBHBIA IPUMEP — YCTPOMCTBO
OTpaXkKJeHUsI M3 CEKyIInXcsi OypoHAaOMBHBIX CBall I10
TEXHOJOTMM IPOXOAHOrO INHEeKa. B  pesynbrare
yCTpoiicTBa OrpakAeHUs CYIECTBYIOLINE JJoMa TI0JTy-
YuIIM ocasKy Oosee 20 cM, MPUILIM B aBapuitHOE CO-
CTOSTHHE, UX TPUIIUIOCH pa3o0pars.

OOBIYHO TP CTPOUTENHCTBE B YCIOBHAX TOPOJI-
CKOW 3aCTPOMKH OPTaHU3YIOTCS HAOIIONCHHUS 3a MpH-
MBIKAIOIIMMH  3/1aHUSAMH, BKIIOYAIONINE H3MEpPEHHE
OCaJIKH 3[JaHUH, HAOMIOAEHNS 32 MOSIBICHUEM U Pa3BH-
THEM A€(DEKTOB B KOHCTPYKIHUSX.

[epen mpuMeHeHHEM He anpOOUPOBAHHBIX B KOH-
KPETHBIX HHKXCHEPHO-TCOJIOTMYECKUX YCIOBUAX TEX-
HOJIOTHI HCO6XOI[I/IMO BBITIOJITHUTH CIICHHHAJIBHBIC HC-
CJIEZIOBAaHUS, OLIEHUTh XapaKTep W MPUYMHBI BIUSHUSL
Ha OKPYXKalOIIMI MacCHB TPyHTa, OLEHUTH KOJIHYe-
CTBEHHOE BIIMSIHUE, OTIPECIUTh T€ TEXHOJIIOTHYECKHE
OTIepaIyy, KOTOpbIe OMAaCHBI I OKPY)KAIOIIEro Mac-
CHBa TPYHTA, YCTAHOBHUTH 30HBI BO3MOXHOTO PUCKA.

OQupmoit  «I'eopexkoHCTpyKIUA-DYyHIAMEHTIIPO-
€KT» BBINOJIHEHBI NCCIEJOBAHMS, TI03BOIHBIIIE OIpE-
JICTUTDH OIAcHBbIE TEXHOJOTUYECKHE OIepalyy, pa3pa-
0oTaTh pPEeKOMEHAAIMN II0 YCTPOMCTBY CBai, IocCIie
Yero 3Ta TEXHOJIOTHS CTajla YCHEIIHO UCTIOIb30BaThCs.
[2]

[Mupokoe pacnpoctpaneHue TexHosorus TOP-
DOWN mnpuobpena He TOJBKO B cdepe MOA3EMHOTO
CTPOUTENBCTBA, a TAK)KE MPU PEKOHCTPYKIIUH IEHCTBY-
IOIUX OOBEKTOB.

Texunonorus TOP-DOWN npumensiercst crernua-
muctamu OOO «I'eon3om» COBMECTHO C TEHEpalb-
HeiMHA TipoekTupoBnkamu HITO «I'eopexoHCTpyK-
us-OyHIAMEHTIIPOEKT» Ha COOPYKEHUH MOA3EMHOTO
obwrema Tearpa Ha KamenHnom octpose. CoritacHo mpo-
eKTy MOJ3eMHOE COOPYXEHHE TOJDKHO OBITH JOCTa-
TOYHO KPYIHBIM IJIs TOTO, 4TOOBI BMECTHTBL BCIO CO-
BPEMEHHYIO0 HHPPACTPYKTYPY 3PEIHIIHOIO 3aBE/ICHHS.
Ha oHOM M3 nepBBIX MECT CTOsIa 3a/1a49a 00ECIIeYUTh
KaK COXPaHHOCTb HAapYXHBIX JIEPEBSHHBIX KOHCTPYK-
LW, TAK 1 OJJHOBPEMEHHOE MPOU3BOJCTBO pecTaBpa-
IUOHHBIX paboT B MCTOPHYECKOM TEaTpajbHOM 37a-
nun. Crienmanmcramu OO0 «I'eonsom» ObLIH BBIIOIN-
HEeHbl paboTHI IO mepecagke (YHIAMEHTOB 37aHUs
TeaTpa Ha MHUKpocBan «Titan» U yCTPOMCTBY Kene30-
OETOHHOTO OOBSI30YHOTO II0SiCA TEPEKPBITHS «HYyJIe-
Boro» ypoBHs. Ilog Bcell MOCTPOMKON BBINOJIHEHA
IIJIUTa HOBOTO OCHOBaHHWS Ha TIyOMHE 6 M U COOpY-
JK€HBI CTCHBI U KOJIOHHBI ITOCTOSIHHBIX KOHC’I’pyKHHﬁ. B
HaCTOAIIECC BPEMSA OTOT 06’I)CKT ABJIACTCA IICPBBIM B
Cankr-TlerepOypre, Trae pealu3yercs TEXHOJIOTHUS
TOP-DOWN Ha nocieqHux dTamnax padoT. 3auMcTBO-
BaHME TEXHOJOTMH B OOJACTH YCTPOMCTBA CBaM M
OTpaKJAafONINX KOHCTPYKIMH OBIIO NPUMEHEHO Ha
CTPOUTEIHCTBE TOProBO-0(pHCHOTO KOMILIEKCa
Stockmann.

CpaBHuBass TexHONOTHH «top-down» © «up-
down», MOXKHO TIOHATH YTO MeTox «top-downy sBIs-
€Tcs yCOBEpPILIEHCTBOBAHHBIM BapUaHTOM TEXHOJIOTUHU
«up-down». Texnozorus «up-down» He npexycMaTpH-
BaeT MPOJOJDKCHUS B BHJE HA3E€MHOTO COOPYIKEHHS.
[TosToMy €€ 0OBIYHO MCIOIB3YIOT IPH CTPOUTEIHCTBE
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MOJ3EMHBIX MAapKOBOK, BO3BOISAIINXCS IPH COXpaHe-
HUH JIBIKCHHS aBTOTPAHCIIOPTa. B TO BpeMs Kak Tex-
HoJtoTusT «top-downy HCHOJIB3yeT METOJ| TOSPYCHON
pa3paboTku rpyHTa. Takoil crmocod CTPOUTEIhCTBA
MOJI3EMHBIX COOPYKEHHH IO3BOJISIET BECTH PaboOTy Ha
OrpaHMYCHHOM IIPOCTPAHCTBE, & TAK K€ BOZMOXXHOCTh
OJTHOBPEMEHHO C BHIITOJITHEHHEM 0JI3€MHBIX paboT BbI-
MOJHATH BO3BEJCHUE OCHOBHOM, HA3€MHOI 4acTH 3/1a-
Hus. [IpoBenéHHbBIC MicCIeIOBaHNS 3MAHHMA, TOCTPOCH-
HBIX JAHHBIM METOJIOM, TOKa3alld, 9YTO BIMSAHUE CTPO-
WTEIECTBA Ha OJM3CTOSAIINE TIOCTPOUKA MIHAMAITBHO.

Taxum obpazom, meTox «top-down» 3¢ deKTHBeH
B CITy4ae CTPOUTENIECTBA HOBOTO 3/IaHUS B CTECHEHHBIX
YCI0BUAX ¢ MUHUMAJIbHBIM BO3Z[C§ICTBPIGM Ha OJIN3CTO-
SIIUe TOCTPOWKM, a TaK >K€ BO3MOXHOCTBIO BECTH
CTPOUTENBCTBO OJAHOBPEMEHHO HAa3eMHOM M IMOJA3EeM-
HOH yactu. B To Bpems kak TexHojorusi «up-down»

[103BOJISIET BO3BOJAUTH HOBBIE COOPYKEHMsI IIOJ UCTO-
pUYECKUMHU pallOHaMH ropoja ¢ MUHUMAJIbHBIM BO3-
JEUCTBUEM Ha HUX.
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B Hacrosiiiee BpeMsi pa3BUTHE COBPEMEHHOI'O TOpoJia B CBSI3H C PACTYIIMMHU MOTPEOHOCTSIMU B HOBBIX TOP-
TOBBIX IUIOIIA/ISX, MAPKOBKAX M JPYTUX OOBEKTOB, CBSI3AHHBIX C JKU3HEIEATENLHOCTHIO JIIOACH TUKTYET HOBBIE
TpeOOBaHMUS K CTPOUTEILCTBY. B CBSA3M ¢ 3TUM aKTyalM3upyeTcs POJIb Pa3BUTHS MTOJ3€MHOTO CTPOUTEIBCTBA.

CTpouTensCTBO B COBPEMEHHOM TOpO/IE 3aTPYAHSACTCS MHOXKECTBOM (PAKTOPOB, TAKHUX KaK OJIN30CTH CyIIle-
CTBYIOIIEH 3aCTPOMKH U BBICOKHH yPOBEHb I'PYHTOBBIX BOJ.

Takum 00pa3zoM, CTPOUTETHCTBO MTOJ3EMHBIX COOPY KEHHI METOIOM «CTEHA B TPYHTE) ITO3BOJISIET BO3BOAUTD
00BEKTHI OONBIIMX Pa3MEpOB B IIAHE C HAJIMYHEM OUYCHb CIOXKHON KOH(MTypanuu B yCIOBHSIX IUIOTHOH 3a-
CTPOMKH, B TOM YHCJIC ¥ B paiiOHaX C MTOBBIIIECHHBIM YPOBHEM I'PYHTOBBIX BOJI.

Abstract

At present, the development of a modern city in connection with the growing needs for new retail areas,
Parking lots and other facilities related to the life of people dictates new requirements for construction. In this
regard, the role of the development of underground construction is being updated.

Construction in a modern city is complicated by many factors, such as the proximity of existing buildings and

the high level of groundwater.

Thus, the construction of underground structures using the "wall in the ground™ method allows the construc-
tion of large-sized objects with a very complex configuration in conditions of dense development, including in

areas with high ground water levels.

KiroueBble ¢JI0Ba: MOI36MHOE CTPOUTENBCTBO, CTEHA B TPYHTE, 3()(peKTUBHOCTS.
Keywords: underground construction, wall in the ground, efficiency.
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Pa3BuTHE COBpEeMEHHOTO ropoia HEBO3MOXKHO 0€3
OCBOCHUSI MOA3EMHOTO IPOCTPAHCTBA, YTO SBISCTCS
JIOBOJILHO CJIOXHOW 3amaueit. J[ias oOecrmeueHus co-
XPAHHOCTH OKPYXAarolllel HCTOPUYECKON 3aCTpPOMKHU
HEOOXOANMO CIPOEKTHPOBATh W MOCTPOUTH MOJ3EM-
HOE COOpY)KEHHME C HaJJIe)KallM ypOBHEM HaJIe)KHO-
CTH.

[To crocoOy mpousBojacTBa paboT COBpEMEHHBIE
TEXHOJIOTUH CTPOUTENHCTBA IOI3EMHBIX COOPY>KEHHH
TTOJPA3AEISIOTCST Ha OTKPBITHIN, 3aKpBITBHIH, IOITy3a-
KPBITBIM U cllennalibHbIE CIIOCOOBI; MO TITyOHHE 3aJ10-
JKEHHS: MEJIKOTO 3aJI0KEHUS - TITyOnHoi He 6omee 10—
15 M OT MOBEPXHOCTH 3EMIIH, COOpPYKaeMble OOBIIHO
OTKPBITBIM CIIOCOOOM; TTyOOKOTO 3aJI0KEeHNS - TITyOH-
HOH Oosiee 15 M, BO3BOIMMBIE Uallle BCETO 0€3 OTPBIBKU
KOTJIOBaHa C JHEBHOM MOBEPXHOCTH.

BosBenieHne no3eMHBIX COOPYKEHHUH OTKPHITOIO
THIIa OCYILIECTBISETCS: KOTJIOBAaHHBIM CIIOCOOOM B
NpeBapUTENILHO OTPHITOM Ha BCIO TIyOWHY KOTJIO-
BaHE; METOJIOM OITyCKHOTO KOJIOZIA; KECCOHHBIM Me-
TOJIOM; CIIOCOOOM «CTEHA B TPYHTE»; U3 COIIPUKACAIO-
mmxcs OypoHaOMBHBIX CBaif; M3 CONMPUKACAIOIINXCS
TPYHTOILIEMEHTHBIX JJIEMEHTOB; IOBBIIICHUEM YCTOM-
YMBOCTH MacCHBa, HEIIOCPEICTBEHHO MIPUJIETAIOIIETO K
KOTJIOBaHy; METOIOM apMHpPOBaHHUS IpyHTa (pa3nud-
HbBIMHU BHIaMH cBall Wi T'PYHTOLIEMEHTHBIX JJIEMCH-
TOB); 3aKpeIUICHHEM WM 3aMOPaKUBaHUEM TPYHTA.

B cl10KHBIX TEOTEXHUYECKHUX YCIIOBHUAX BCKPBLITUE
KOTJIOBaHa OCYIIECTBIISICTCS MO 3alIUTON Orpakie-
Hus. [ obecnieyeHnst yCTOWYMBOCTH CTEHKH KOTIIO-
BaHa MU KOTJIOBAaHHOM CHOCO0€, MMEIOIINE OTKOCHI,
MOTYT OBITH BPEMEHHO 3aKpEIIeHbl 3aKIaIHOW Kpe-
TIbIO, IIITYHTOM, TPYHTOBBIMH aHKepamu. HepaBHOMep-
HOE pa3yIUIOTHEHHE I'PYHTa JAHA KOTJIOBAaHA M3-3a €ro
GoJtbIIero MogbEMa B IIEHTPAIbHOW YacTH BBI3BIBACT
OoJpIre ocanki OCHOBaHHA (DYHIAMEHTOB B CpeaHEH
4yacTH coopyxeHus. HeoOXoaumMo mpu mpoeKTupoBa-
HHH TI0/I3EMHOT'0 COOPYKEHUsI U YCTPOHCTBE Orpak/e-
HU KOTJIOBaHA B 30HC IPUMBIKAHUA K CYIIECTBYIOIIUM
COOpPYXEHUSIM TIPHHUMATh BO BHHMaHHE (DakTopbl
pHCKa, KOTOpBIE MOTYT MPUBECTH K JIe(hOpMaIMU OKpY-
JKarolel 3aCTPOMKU: TEXHOJIOTHs yCTpOICTBa Orpax-
JICHUS1; I3MEHEHHUE YPOBHS IPYHTOBBIX BOJI HA TIPHMBI-
KaloIleil TeppUTOPUH; YCTOMYMBOCTh W MOJATINBOCTh
OTPAKJCHUS OT CTATHYECKHUX Harpy3oK.

IIpu crpouTenbcTBE MNOA3EMHBIX COOPYKEHUMN
BOJIM3M CYIIECTBYIOUINX 3/IaHUM WM COOPYXCHHUH, a
TaK jk€ Ha HeOOJBIION TITyONHE B BOJOHOCHBIX HECBSA3-
HBIX TPYHTaX OCYIIECTBIISIOT BBIEMKY I'PYHTA C COOIIO-
JleHneM Oe30MacHbIX YCIOBUI paboT MHOA 3aluTON
OrpakJarouied Kpernu, KOTopasi BO3BOJIUTCS JI0 Havana
paboT Mo KOHTYpy OyayIIero moJ3eMHOTO COOpYXKe-
HUA (CTTOCO0 OTpaXKIAIOIINX Kperen).

Orpaxaromnye Kpeny B 3aBUCHMOCTH OT MaTepH-
asia ¥ KOHCTPYKILIUH NOAPa3IeNII0TCS Ha:

® IIIYHTOBOE OTPaXkJCHUE;

®  OIYCKHBIE KPEIH U3 3aMKHYTBIX MOHOJINTHBIX
WM COOPHBIX 00O0JIOUEK, MOTPYIKAIOIMINXCS O] JIeH-
CTBHEM COOCTBEHHOTO Beca IO Mepe pa3padOTKh
IPYHTa BHYTPH 000JIOUKH;

e CTeHa B TPyHTE W3 MOHOJHMTHOTO WMIH cOOp-
HOT'O JKeJIe300€TOHa B Y3KUX TPaHIIEsX, OTPHIBAEMBIX

10 TIEPUMETPY TOI3EMHOT0 COOpPYKEHHS Ha BCIO €ro
IyOMHY 10 BOJIOYIIOpA.

ITpu CTPOUTETHCTBE B CIIOKHBIX THAPOT€OJIOTHIE-
CKHX YCJIOBHUAX W BBICOKOM YPOBHE I'PYHTOBLIX BO/] B
TOPOJICKUX YCIOBHSAX BOJIM3M CYIIECTBYIOIINX 31aHNH
JUISL COOPY’KEHHUsI MOJNOPHBIX CTEH, CTEH 3ariyOJieH-
HBIX COOPY>KE€HHH, ()YHIAMEHTOB IT0]] TSDKEJIBIE 3aHNS
U COOpYKeHHs HauboJiee pallMoHalleH Cloco0 «CTeHa B
TPYHTE» M3 MOHOJIMTHOTO WM COOPHOTO >Kene3o0e-
TOHA.

[TpearnoyreHne TEXHOJOTUH «CTEHAa B TPYHTE»
CleyeT OTJaBaTh IPH YCJIOBHHU: OOJIBIINX pa3MepoOB
COOPYXEHUsI B IIJIaHE C HATMYHEM O4€Hb CJIOXKHOU KOH-
¢durypamuu YTO MCKIIOYaeT NPHMEHEHHE METoAa
OITyCKHOTO KOJIOJIIa M3-32 OOJBIION BEPOSTHOCTH €ro
JaCTBIX MEPEKOCOB IPH OITyCKAaHWHM, a OOnbIIas Iiry-
OMHa 3aJI05KEHNUS COOPY KEHHS B BOJOHACHIIIIEHHBIX He-
YCTOWYMBBIX T'PYHTAaX U C)KaTble CPOKH HCKIIOYAIOT
BO3MOXXHOCTH CTPOUTENHCTBA B OTKPHITOM KOTJIOBAHE;
pa3HOHM CTyNEHYaTOW WM IIABHO MEHSIOLIEHCS IIIy-
OMHBI 3aJI0)KEHHS CTEH 110 TEPUMETPY COOPYIKEHHS,
YTO MCKIIOYaeT BO3MOXKHOCTHb €TI0 BO3BEICHUSI METO-
JlaM{ OITyCKHOTO KOJIOJLA M B OTKPBITOM KOTJIOBAaHE;
COOpYXXCHHE 3aKJIQJIBIBACTCS Ha 3HAYUTENBHYIO TIIy-
OHMHY B CHJIBHO NMPOHHUIAEMBIX CY(P(PO3UOHHBIX U TOA-
BEPXKEHHBIX BBINOPY TPYHTAX B YCIOBHAX OTCYTCTBUS
B €0 OCHOBAHUH BOAOYIIOPHBIX IJIACTOB JJIA COTIPSKE-
HUSL ¢ HUMH IPOTHBO(MIBTPAIIMOHHBIX AHadparm;
CTPOHTENbCTBA 00BEKTa B HEMOCPEACTBEHHOM OJIH30-
CTH OT CYNIECTBYIOIIMX 3[JaHUM M COOPYXEHHH Ha
CTECHEHHOM IUIOIIAJKE - M3-32 BOSHUKHOBEHHUS Omac-
HOCTH HapyIINTh yCTOHYMBOCTH CMEXKHBIX COOpYXKe-
Huil. [1]

ITpn nanHOM criocobe ynep)kaHue B BEPTHUKAIIb-
HOM TIOJIO)KEHUHU CTEH TpaHIIeW mpu WX pa3paboTke
OCYIIECTBIISICTCS 32 CUYET MPUMEHEHHS TIJIIMHHCTOTO
pacTtBopa ¢ TOCIEIYIOUIMM 3allOJHEHUEM JaHHBIX
TpaHIeil: OETOHHOW CMeChlo, COOPHBIMH JKele300e-
TOHHBIMH KOHCTPYKLMSIMH WJIA TIPOTHBO(HIBTPAIH-
OHHBIMH MaTepHajaMu. B ciydae MOHOJMTHOI CTEHBI
OGETOHMPOBAHNE OCYIIECTBIACTCS IMOJBOAHON YKIIaa-
KOM METOJIOM BEPTHUKAIBHO IepeMenaronenics: TpyOsl.
ITpu criocobe «cTeHa B TPYHTE» CTEHBI SIBISIOTCS OA-
HOBPEMEHHO KPEINbI0 ¥ KOHCTPYKTUBHBIM AJIEMEHTOM
MOJ3EMHOT'O COOPYKEHHUSI, a IPH UX 3arTyOJIeHUH B BO-
JIOYTIOPHBIE TPYHTHI MOYKHO MOJTHOCTBIO OTKa3aThCsl OT
BOJIOOTJIMBA WJIM BOJOTOHIDKEHHMS. [Ipy mpakTHdaeckn
HEBO3MOXXHOM YCTPOWCTBE Hapy>KHOM I'MIPON30IISIINN
CTeH HaM4UWe TJINHICTOW KOPKH, 0Opa3oBaBIIeics co
CTOPOHBI HAPY)KHOW CTEHKHU TPaHILEH, C HU3KUM K0d(-
¢uEeHTOM QUIBTPAIIMA CO3AACT MOBHIIICHHYIO BOIO-
HETPOHHUIIAEMYI0 KOHCTPYKIIHIO.

[TepBBIM 3TANIOM COOPYKEHUS CTEHBI B TPYHTE SIB-
JSieTCsl YCTPOMCTBO (hopiiaxThl B TpaHIilee, KOTOpas
CITYKUT HampaBJsIOLIEH A 3eMJIEPONHON MAIIMHBI U
o0ecrevnBaeT yCTOWYMBOCTh CTEHOK B BEPXHEH YacTH.

B mpomexxyTke MeXIy HamnpapISIOIMMHU (Hop-
IIaxThl HA TOJIHYIO FJTy6I/IHy OTACJIIBHBIMHU 3aXBaTKaMHU
MalIMHAMH [UKJINYECKOT0 U HENPEPHIBHOTO JACHCTBUS
OoTKambIBaeTcs TpaHmes. [pyHT, pa3pabaTeiBaeMbIi
BpallalouMucs (ppe3amu, IepeMerInBaeTCs ¢ TIINHH-
CTBIM PacTBOPOM M B BHJE IyJIbIIEI SpIU(TOM BbIIa-
eTcs Ha MoBepXHOCTh. Takoe o0opynoBaHue odagaer
6osee BHICOKOH MTPOM3BOAUTEIHHOCTBIO.

[Toce pa3paboTky 3aXBaTKU Ha OJIHYIO TITyOHUHY
IIPOMCXOIUT €€ 3aM0JHEHUE MaTEPHAIIOM, 13 KOTOPOTO
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BO3BOIUTCA cTeHa. YTOOBI MCKITIOYNTH MOMananus Oe-
TOHHOU cMecH U3 OETOHUPYEMOI 3aXBaTKU B CJIEIYIO-
IIyI0 IIpu OCTOHMPOBAHWHM MEXKAY 3aXBATKAMH YyCTa-
HaBJIMBAIOTCSI PAa3TPaHUYMTENN, W3BJIEKAaeMbIe IOCIe
TBepIeHHs OETOHA B 3aXBaTKE Iepel OETOHUPOBAaHIEM
crenymoomed. Apmarypa CTeHbl, CHaO)KeHHas caias-
KaMH B KaueCTBE HAIPABIISIOIINX IIPU OITyCKaHUHN IS
obecrieueHns: TOYHOTO TIOJIOKEHUSI KapKacoB B TpaH-
IIesiX, OMyCKaeTcsl B TIIMHKUCTBIN pacTBOp mepen Oero-
HHPOBaHMEM 3aXBaTKH. beTroHnpoBaHue BeeTcst MeTo-
JIOM BEPTHKAJIBHO MepeMelnaroleiicss TpyObl ¢ mocek-
IIMOHHBIM yKOpa4yMBaHHEM OCTOHOIUTHOWH TPYyOBI IO
Mepe OeTOHUpOBaHUS. [4]

Vknanka OeTOHHON CMeCH TpeKpamaeTcs mocie
TIOSIBJICHHSI HA YPOBHE YCThSI TPAHILEH YUCTOW OETOH-
HOH CMEcH ¢ yJaJeHHEM 3arpA3HEHHOTO TIMHHCTBHIM
pacTBopoM ciost 6eToHHOM cMecu. Korma O6eToH npu-
oOperaeT pacmnanryO0dHyIO MPOYHOCTH, HHBEHTAPHBIN
OTPaHUYMTENIb M3BJIECKAIOT M TEPECTaBISIOT HA Tpa-
HUITy ouepenHo 3axBaTku. [locne nmpuoOperenus Oe-
TOHOM TPOEKTHOW MPOYHOCTH INPH YCTPOWCTBE MOA-
3eMHBIX COOPY>KEHHUH pa3pabaThIBalOT IPYHT BHYTPEH-
Hero o0beMa C YCTaHOBKOH BpEMEHHBIX WIIU
MTOCTOSTHHBIX PacIiopok, paM, auadparm, IepeKpeITHH
U aHKepOB, 00ECICYNBAIONINX YCTOWYUBOCTD U IPOY-
HOCTh CTEH, OTKPBIBAIOIIUXCS 1O Mepe pa3paboTKu
BHYTPEHHET0 MaccuBa. [2]

Hapsimy ¢ MOHONMHMTHBIMH KeJIe300€TOHHBIMU
CTposITCAd COOpHBIE CTEHBI U3 IaHeJel pa3MepoM Ha
onHy 3axBaTKy. K mpenMymiectBaM cOOpHBIX CTEH OT-
HOCSITCSI: BBICOKOE Ka4eCTBO IMOBEPXHOCTHU CTEHBI, Jy4-
mas BOJOHENPOHHUIIAEMOCTh, BO3MOXKHOCTH YCTPOM-
CTBa CTCH C BBICTyIIaMH, OKHaMHU JJIA IPOITYyCKa aHKE-
pOB, 3aKNaAHBIMH  JIETAISIMH  JUIA  KPEIUICHHS
NEPEKPHITUIL.

[To Mepe u3BIICUEHHS IPyHTA U3 KOTJIOBaHA, Orpa-
HUYCHHOI'0 CTCHAMH, MOHTHUPYIOTCA NEPCKPBITUA WU
YCTaHABJIMBAIOTCS aHKEPbI, BOCIIPHHUMAIOIINE CHIIBI
JABJICHUS TPYHTA U CITy’Kallye Uil BOCHPHUSTHS OMpO-
KU/BIBAIOIIEr0 MOMEHTA, JICUCTBYIOIIETO CO CTOPOHBI
TpyHTa Ha KOHCTPYKIHIO.

CreHBl B IpyHTE CTPEMSATCS OTPY3UTh Ha 2—3 M B
BOJOHEIIPOHUIIAEMBINA CJIOW IpyHTA, NPU 3TOM 4YacTb
CTEHBI HW)KE JTHHIIA TTOI3EMHOT'0 COOPY KEHHSI, UTPato-
masi posib MPOTHUBOGIIBTPALMOHHON 3aBECHI, BBIMON-
HsieTcsi 0e3 apMUPOBaHUS U3 COOTBETCTBYIOLIMX MaTe-
puanoB. Ilpu Bpe3ke CTEH B BOAOYIOpP H3BICUCHHE
TPYHTa U3 OrPaXICHHOTO CTEHaMH KOTJIOBAaHA BEJIETCS
B CYXHX yCJIOBUAX 0€3 BOIOOTNIIMBA. JIUIb B KpaitHIX
Cilyyasix TPH CTPOUTEIBCTBE CIOCOOOM «CTeHa B
TPYHTE» IPUMEHSIOT BOJIOTIOHIDKEHHE WK pa3padaThl-
BAIOT IPYHT MOJBOAHBIM CIIOCOOOM.

[Ipn pacmosiokeHny MOI3EMHOTO COOpPY>KEHUS B
BOJIOHOCHBIX I'PYHTaX NPUMCHAIOT UCKYCCTBECHHOEC BO-
JIOTIOHIKEHNE, a TaKKe CIEUATIbHBIE CIIOCOOBI CTa0H-
JIN3allMM OCHOBAHHA, TAKHX KakK: CprﬁHaH OEMCHTA-
s, XUMUYECKOe 3aKperuieHne, 3amopaxusanue. [1o-
CIICACTBHUA BOJOIIOHM>XKCHHUSA MOryT 6I)ITI)
OTpUIIATENBHBIMH, TaK KaK B PE3yJbTaTe OCYIICHUS
MacCHBa 3HAYUTENBHO BO3PACTAIOT HANPSDKEHHA B
TPYHTE OT COOCTBEHHOT'O BECAa, KOTOPHIC BBI3BIBAIOT
OCaZIkKl M HapyIIEHHE YCTONYMBOCTH ONM3IEKALINX
3nanui. Takke B mporecce OTKayKH BOJBI BOZMOXEH
cy(h(O3MOHHBI BBIHOC MEJKHX IBUICBATHIX YacCTHIL
TpyHTa, NPUBOSIIMH K nedopmanusM QyHIaMEHTOB
3/1aHUM.

ITpn BBIABIEHHM OTPHLATEIBHBIX ITOCIEICTBUI
BOJIOTIOHM)KEHHUST WIIM YKPETUIEHHS TPyHTa pa3paboTky
KOTJIOBaHa M OeTOHMpoBaHWE (HYHOAMEHTHOW ILTATHI
BEAyT MOJBOAHBIM criocoboM. [Ipu 3TOM KOTIIOBaH
OTpaXkJaf0T CTaJbHBIM BOJOHETPOHHUIIAEMBIM IIITYH-
TOM WU «CTEHOU B IPYHTEM.

Qupmoit  «I'eopexkoHCTpyKIUA-DYyHIAMEHTIIPO-
€KT» COBMECTHO ¢ (upmoii «['eon3om» OblIa OpraHu-
30BaHa HKCIIEPUMEHTAJIbHAS IUIOMIaAKa [0 U3yYEHUIO
BIMSIHUS MpOLieCca M3TOTOBICHUS CTEHBI B TPYHTE Ha
OKpY>Karolye 3/1aHHsl ¢ U3MEPEHHEM TIyOMHHBIX, 1T0-
BEPXHOCTHBIX TOPU3OHTAIBHBIX M BEPTUKAIBHBIX CME-
IIEHUH TPYHTa, yPOBHS I'PYHTOBBIX BOJ. B mpumebika-
HUM K ONBITHOHM IUIOLIAJKE UMEINCh BETXHE 3/aHHA,
KOTOpBIE IOJUISKAIN CHOCY. MakcuMalbHbIe OCalKu
3JaHUI TIPU yCTPOWCTBE CTEHBI B IPYHTE U BCKPHITUH
10-meTpoBOro KOTJIOBaHa COCTaBWIN 18 MM, MeHbIIe
MPEAENbHO AOIMYCTUMBIX 110 TEPPUTOPUAIBHBIM HOP-
mam Cankt-IlerepOypra (20 MMm); mageHus ypoBHS
TPYHTOBBIX BOJ MPAKTHYECKH HE HaOIIIOJamoch. JKC-
TIEPUMEHT TT03BOJIMII BBISIBUTH U OTIEPAIMH, IPU KOTO-
PBIX TPOSIBIISIOTCS TTOABM)KKM MaccuBa IPyHTa (Takue
KaK JUINTEIbHbIE TEXHOJIOTHUECKHE MIEPEPBIBHI, pa3pa-
0OTKa BaJyHOB), YTO JAJO pean30BaTh ITaHHBIN
YCHEIIHBI ONbIT NPUMEHEHHS CTEHBI B TPYHTE B
Cankr-IlerepOypre Ha Opyrux oOBEKTaX CTPOUTENb-
cTBa, Kk mpumMepy «JlaxTta-eHtp». [3]

OcCHOBHBIMU (haKTOpaMH, ONpENENSIOMUMH 3(h-
q)CKTI/IBHOCTI) NPUMECHCHHA MJaHHOIo ME€Toaa, ABJIA-
IOTCSI: YMEHBIIIEHHE 00hEMOB 3eMIITHBIX paboT Beilen-
CTBHE YMEHBIIICHHS Pa3MepOB KOTJIOBAHOB; COKpalle-
HHE OOBEMOB JKEIEe300€TOHHBIX paboT B CBSI3U C
COOTBETCTBYIOIIMM XapaKTepPOM BO3JEHCTBHS BHELI-
HUX CHJI Ha CTEHBI ITOJ3€MHOTO COOPY)KECHHS; YMEHb-
LIeHHe 00BEMOB WIIM TOJHOE HMCKIIOYEHHE padoT 1o
BOJIOTIOHMKEHHUIO; TTOJTHOE HCKIIIOUEHHE IITyHTOBBIX
OrpakJeHHil; COKpallleHUEe CPOKOB CTPOHUTEINILCTBA.

TakuMm 00pa3oM, METOJ «CTEHA B TPYHTE» MO3BO-
JISIET IPOM3BOJNTH CTPOUTEIHCTBO B PETHOHAX C BBICO-
KM YPOBHEM I'PYHTOBBIX BOJI, B MECTaX HCTOPUYECKOMN
3aCTPOMKH, 1€ HENb3s IPUMEHSTH BOJONOHIDKEHHUE, a
TaK)Xe€ B CTECHEHHBIX YCIIOBHSIX. DTOT METOJ I03BO-
JsieT n30eXaTh MOIBIKEK IPYHTA, CO31aBaTh COOPYKe-
HUsI OOJIBILINE 10 TUIOMIAAN U CIIOKHBIE B IUIaHE, COKpa-
TUTH CPOKH M CHU3UTh CTOUMOCTBH CTPOHUTEINLCTBA.
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Currently used limited and expensive
hydrocarbons (oil, gas, coal) lead to the need to search
for alternative and mainly renewable energy sources -
wind, sun and others. One of the most important
directions in the solution of this problem is the use of
biofuels (agricultural landfills, forestry and wood
processing). In addition, the use of such devices for
direct combustion is ineffective, so the use of biofuel
gasification is promising with the acquisition of
"generator" or "synthesis gas", which can be used as a
power plant. At the same time, the heterogeneity of the
raw materials used, the complexity and variety of
reactions of chemical gasification, the need to increase
the thermal capacity of the generated gas (Synthetic
gas) require a systemic diagnostic efficiency.

Thermochemical gasification is the process of
partial oxidation of carbon-containing raw materials,
such as biomass, peat or coal, to obtain a gas carrier-
generator. The resulting gas consists of carbon
monoxide, hydrogen, methane, carbon dioxide, small
amounts of high levels of hydrocarbons, such as
methane and ethane, water vapor, nitrogen (in the
production of carbon dioxide) and resin. ash. These
substances can be used as oxidizers in the gasification
of air, oxygen, steam or mixtures.
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Thermochemical gasification is the process of
partial oxidation of carbon-containing raw materials to
produce a gaseous energy carrier - synthetic (generator)
gas. The range of operating temperatures is 800—
1300C. Gasification is a continuation of the pyrolysis
process, but thermally optimized for higher emissions
of carbon and energy in the gas phase, and not for the
production of coal or liquid products. The resulting gas
contains hydrogen (H2), carbon monoxide (CO),
methane (CH4), carbon dioxide (CO2), as well as high-
order hydrocarbon compounds (C2 +), water vapor,
nitrogen (for gasification of air), various impurities
(resins , ashes, coal, coke). [1]

A reactor with a thermal power of 800 kW on this
fuel is designed as a direct flow gasifier (but has the
ability to operate in voltage mode) without a degassing
chamber. In the literature, this type of hardened gasifier
is called a stratified gasifier or an open shell of a
gasifier. An important modification compared to the
classic once-through gasifier developed by Imbert in
the 1930s is the increased pressure on the heat exchange
between the reactor gas and the new fuel, in addition to
the absence of a throttle valve.
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Figure 1: Design of gasification reactors
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This design allows you to heat a new biomass
located in the pyrolysis tube, which leads to its drying
and initial pyrolysis before entering the oxidation zone.
In this way, gasification of high moisture fuel, a
reduction in tar, and high carbon conversion can be
achieved.

The absence of a gas generator is unfavorable due
to the low level of mixing in the oxidation zone, which
prevents the concentration of resinous substances from
reaching low levels, for example, in the case of a gas
generator with a direct-flow stream with a neck.
However, they allow more fuel to be used in terms of
particle size, which is suspended in the case of the
throat structure, making stable operation of the reactor
impossible.  Existing  biomass  facilities  are
technologically advanced facilities that are serviced by
highly qualified operators and service personnel. Of
course, this implies significant financial costs for
operating costs. In most scenarios for agro-industrial
complexes, the main operator of the device is its owner
or another person working on the farm. However, none
of these people will have time to wait for the system in
continuous mode, except for three shifts. Consequently,
automation and diagnostics of biomass gasification
process control will play an important role in reducing
operating costs.

Ideally, the system should be equipped with the
Start and Stop buttons, which will allow you to turn it
on to authorized persons. During the operation of the
device, they can be downloaded only with periodic
monitoring of the process, which greatly simplifies the
availability of mobile applications.

To implement the above scenario, it is necessary
to develop an appropriate process management system.
This system should be able to withstand unexpected
changes in the process and be safe, stable and, subject
to previous conditions, as well as optimal operation of
the process. Classic PID control systems,
unfortunately, do not cope very well with the complex
gasification process. This is due to the nonlinearity of
the process and the difficulty of choosing the input
parameters of the controller, which is typical for each
scenario of the gasification reactor. For the above
reasons, we are currently working on the use of neural
networks (SN) as a process control and optimization
system. The advantage of SN is that they can be used
without accurate knowledge of the physical and
chemical phenomena occurring in the process, since
their feature is the ability to "read" on the basis of the
proposed measurement data. In addition, they
positively affect the stability of the process and its
optimization. Currently, a neural network system has
been selected for controlling a gas generator with a

capacity of 800 kW; This is verified based on previous
criteria.

Preparation of projects taking into account the
location of equipment, taking into account pipelines for
inventory of premises, including electrical wiring for
electrical installations, electrical circuits for controlling
substations, automatic control circuits (if any),
plumbing equipment, so that construction of the unit
can begin. When designing the installation, it is
necessary to take into account the behavior of the
routes, substrate and product flow, storage location,
measuring device, for example, for measuring the floor.
When choosing a device, it is necessary to take into
account their orientation, for example, the substrate. In
the case of cyclones (left, right), the method of
fastening devices of suspended or supporting pipes is
used.

Some devices have a demonstration device size
relative to a space that can only be located in one or two
places. Thus, the placement of devices in the room
began with them. It was a heated drying room. During
operation, its length is 9 m, and when inspecting 9.5
drums, the distance between the walls is 0.6 m. For
coal-mining equipment of the mill type, it is usually
required to leave about 1 m to service grinding. [2]

Currently, gasification of air is widely used, since
this process is not associated with difficulties in the pro-
duction and use of oxygen and is not as technologically
complicated as steam gasification. However, it should
be borne in mind that up to 50% of the gas obtained in
the case of gasification in the air contains nitrogen,
which leads to low thermal power (4-6 MJ / m3).

Currently, a large number of variants of the gasi-
fication process have been developed, depending on the
direction of the flow of raw materials and the density of
the reaction layer.

1. Gasification of direct flow (subsequent gas) in
a dense (fixed) layer of raw materials.

2. Opposite (gas supply) gasification in a dense
(fixed) layer of raw materials (HSV).

3. Gasification in a dense (fixed) layer of raw
materials with a horizontal gas flow.

4. Gasification in the bubbly liquid layer (liquid
layer) (BCS).

5. Circulating Liquid Gasification (Liquid Bed)
(CCs).

6. Gasification in a two-layer reactor.

7. Gasification of biomass particles in a stream,
etc.

One of the oldest and simplest types of gas
generators is the GHA reactor (Fig. 2).
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Figure 1: Dense feed gasification reactor with high gas flow (HF)

During the gasification process, the operator will
have a set of sensors that provide information about the
phenomena occurring in the reactor. Based on them, the
operator evaluates the process and, if necessary,
changes the setting of air, steam or biomass
consumption. The following values are measured in the
gasifier reactor described.:

- Temperature: temperature is measured using
thermocouples. Temperatures in areas where the main
chemical reactions take place, that is, in the oxidation
zone and in the reduction zone, are very important. In
order to optimize the synthesis of pyrolysis products in
the oxidation zone, the temperature should be as high
as possible, but there is no need to exceed the
established limits for the materials used.

- Pressure: pressure is measured using pressure
sensors. Information about the pressure in the gas
generator is used to assess the height of the formation,
its porosity and gas flow. The pressure graphs over time
allow us to evaluate the stability of the process and
determine the possible scattering, stagnation or erosion
of the layer. Of course, this is an important indicator for
protecting the system, and if the pressure exceeds the
safety limit, the system must be turned off.

- The chemical composition of the gas: its
composition is controlled by a set of analyzers
supplemented by other measuring technologies.

Some important quantities are difficult to measure
directly. Therefore, they are evaluated based on the
criteria described above. These include:

- gas consumption of the generator,

- calorific value of gas.

It is difficult to measure the gas flow rate of the
generator. Frequently used flow measurement methods
provide a constant composition of the gas mixture. In a
gasification reactor, this composition changes.
Theoretically, it is possible to combine information in
a volumetric flowmeter with the signals of analyzers,

but there is no information about the amount of water
vapor that is not measured in real time (online). A mass
flowmeter based on a Coriolis force measurement may
be used; directly measures the mass flow (flow),
regardless of its composition. Unfortunately, these
meters are expensive, so do not use them at high
temperatures. Based on the above data, the gas
consumption of the untreated generator is calculated
based on the balance of one of the measured inert gases.
During gasification with air, it is assumed that the
nitrogen in it will look like an inert gas, so the gas flow
can be calculated from the following balance:

8 X

Vraw gas * YNZ,raw gas = ﬂ

Pn,

where Vg gas IS the volumetric flow of
unprocessed gas (i.e., Yn2, the molar fraction of
nitrogen in the untreated raw gas, mnz, wi is the sum of
the incoming mass flows of nitrogen, including
nitrogen in the fuel, pnis the nitrogen density (more
than standard conditions.) Since the molar fraction of
nitrogen is measured or calculated on the basis of dry
gas, the proportion of water vapor in the gas should be
taken into account:

Y, _ YNZ,dry gas
Ny,raw gas — 1-vY,
Hzo

where Yo is the fraction of water vapor in the
untreated gas. The combination of these two equations
gives a formula for estimating the flow of crude gas:

_ 2 Mg . (1 = Yuz0)

Yeaw gas —

Pn2 )_/Nz
Based on the measurement data, important factors

are calculated that reflect the level of process optimiza-
tion and its effectiveness. These include:

- chemical efficiency of the process,

- coal processing,
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- mass balance (elemental and general).

In the English literature, called the term Cold as
efficiency (CGE), chemical efficiency is defined as the
ratio of the energy flux (i.e. actual power) to the gener-
ator gas to the thermal energy supplied by the fuel. The
chemical energy values of the fuel and gas used in the
CGE formula can be presented in the form of high heat
capacity (HHV) or low heat capacity (LHV).[3]

Qi,gas [MJm3] « ‘é]as[mgls_l]

CGE = = —
Qi,fuel [M]kg ] * mfuel [kgS ]

Carbon conversion (CC) refers to the degree of
conversion of carbon in solid gas fuel to a carrier gas.
For calculations, the measurement of the solid residue
remaining after the conversion process, i.e. the amount
of carbonate and the amount of carbon in it:

CC = (1 _ Mc¢ carbonat
mC,fuel

In combustion processes, the CC value is close to
unity, which means that solid coal is completely con-
verted into gaseous products of combustion. Carbon di-
oxide also contributes to the CC value, but does not af-
fect the CGE value due to the zero heat value. A well-
designed gasification system, as well as the use of car-
bonate for other purposes, is one of the assumptions of
the process. However, much depends on the gasifica-
tion reactor used. Reverse solid state reactors achieve
almost 100% coal conversion, whereas for direct-flow
reactors with feed, this value is 90-95%. This carbon
oxidation depends on the location and specificity of the
process. Carbonate reacts directly with oxygen in a gas-
ifying agent in a layer of mist. In the direct-flow bed,
there are also compounds that burn in the gas phase,
competing for carbonated oxygen in terms of the rate of
reaction to which oxygen is supplied. This leads to car-
bonization, which leads to the release of solid particles.
Of course, you can use coal conversion tools for opti-
mization, for example:

- transfer of the second gasification factor stream
to the carbonate zone;

- separation of carbonate from the reactor, then
burning it in another chamber.

The heat generated during combustion is used to
accelerate the endothermic reaction in the gasification
zone. This is called an allothermic process, that is, an
external heat source. Other opportunities for the non-
productive use of carbonate do not affect the cost of
coal processing calculated for other purposes (for ex-
ample, tillage) in accordance with the above definition.
[4]

Currently, it is necessary to move in the direction
of differentiation of the primary sources of energy used
by mankind. Despite the differences in the effects of
global warming, the issue of energy security remains
open to future generations.

Currently, movement towards differentiation of
the primary sources of energy used by mankind is re-
quired. Although opinions regarding the effects of
global warming are divided, the issue of energy secu-
rity for future generations still remains open. The use
of biomass in agro-industrial complexes is one of the

possible ways in the process of differentiation. Using
gasification technology, instead of biomass gasifica-
tion, opens up the possibility of local (distributed) pro-
duction of electricity and heat. The use of this technol-
ogy in agricultural areas with a high level of biomass
supply to the number of residents would satisfy local
energy demand using local primary energy sources,
which would be a step towards sustainable and renew-
able energy. In addition, the use of biomass is ideal for
balancing the flow of energy received from variable
sources, i.e. the sun and wind. It is therefore an element
of a renewable and sustainable energy mix.

The flexibility of biomass makes it possible to in-
crease the availability of the system, and the ability to
operate the reactor in various modes, depending on the
biomass supplied at a given time, plays an important
role.[5] With higher-quality fuel (a small amount of
ash), the installation can operate in a mode that allows
to achieve a higher level of coal conversion and a
higher degree of gas purity (fewer resins). However, if
a fuel with a high ash content is used, which can cause
problems when moving the layer due to slagging, there
is the possibility of switching to a mode that makes it
easier to separate solids, but at a price lower than the
cost of carbon conversion and increased the amount of
impurities in the gas. Since the product of the gasifica-
tion process is combustible gas, i.e. secondary energy
carrier, there is also a wide range of applications that
use it. In the case of distributed energy, where the pur-
chase price will play a significant role in making an in-
vestment decision, the application is likely to be limited
to combustion in the energy boiler or when using CHP
systems that use an internal combustion engine. In the
future, an interesting opportunity is the use of fuel cells,
which could almost double the electrical efficiency of
the entire system.

On a larger scale, the possibility of producing lig-
uid biomass can also be considered. Much can be ob-
tained by intensifying the process, that is, through the
method of designing various chemical processes, which
allows to maximize its efficiency while minimizing en-
ergy requirements.

The use of biomass for energy processes at the mo-
ment still meets resistance due to the high cost of en-
ergy obtained in this way. However, it should be re-
membered that for decades, if not centuries, fossil
sources have been used, which proved to be extremely
cheap to operate.

The use of biomass in agro-industrial complexes
is one of the possible ways in the process of
differentiation. Using gasification technology allows
local (distributed) production of electricity and heat
instead of burning. The use of this technology in
agricultural areas with a high level of biomass delivery
to the population will allow satisfying local energy
demand using local primary energy sources, which will
be a step towards sustainable and renewable energy. In
addition, the use of biomass is ideal for balancing the
flow of energy from variable sources, i.e. the sun and
wind. Therefore, it is an element of harmony of
renewable and sustainable energy.

Since mineral resources were available in large
quantities, even despite the gradual increase in prices,
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for example, for oil, the cost of their purchase was and
is acceptable. The increase in energy costs caused by
the use of renewable energy sources is the result of dec-
ades of poor management of readily available energy
sources and uncontrolled growth in demand for it, es-
pecially in developed countries, and now also in devel-
oping ones. Work on technology for the use of renewa-
ble energy sources allows us to get ahead of the critical
moment when the fossil biomass available at affordable
prices will end or when climate change will be unac-
ceptable and there is no certainty whether this is pre-
cisely this moment.
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Functional products are received by innovative technologies and are considered not only as sources of plastic

substances and energy, but also as complex not a medical complex that meets the physiological needs of the human
body and has pronounced therapeutic, preventive or improving properties. An important component of the market
for functional products are dairy products, which in Ukraine and Europe make up about 65% from its total capacity.
More than 80% market of the dairy for functional purposes (MDFP) is represented by products with pro- and / or
prebiotics, 8% - products with BAA, about 12% are other products. The first group of the MDFP is the most
dynamically developing and constantly replenished with new products, as on a dysbacteriosis in Ukraine, accord-
ing to statistical data, 65.75% of the population are sick. Analysis of these products indicates that in most of them,
the influence of the probiotic is due to the regulated amount of lactobacteria (LB), whereas the number of viable
cells of bifidobacteria (BB) in foods often does not meet the requirements of regulatory documents, which reduces
their functional impact on the human body. Other categories of functional food products on a dairy basis (diabetical
without adding sugar substitutes, products with increased immunomodulatory, antioxidant, sorption properties,
etc.) in the consumer market of the country, which is caused by the lack of scientifically substantiated and clinically
proven technologies for their production. The need to expand the range of the MDFP range is dictated today by
the demographic situation in Ukraine (part of the elderly people in the general structure of the population is 20.5%,
according to the forecasts of the Institute of Gerontology of the Academy of Medical Sciences of Ukraine until
2050 it will grow to 38.1%), an increase in the number of people with cardiovascular diseases, (up to 24.5 and
3.8%, respectively), the spread of secondary immunodeficient conditions complicated by gastrointestinal disturb-
ances to half of the country's population. Therefore, the development of a new assortment of scientifically based
MDFP technologies enriched with the complexes of lactoid cultures of bifidobacteria, biologically active sub-
stances (BAA), prebiotics is relevant for Ukraine and needs to be addressed.

Keywords: pro- and prebiotics, Sinbacterium, Bifidobacterium, Lactobacterium, vegetable fillers, biological
value.

Fermented dairy products are the main suppliers
of probiotic microorganisms that contribute to the res-
toration of human microbial ecology. The following
types of bifidobacteria and laktobacilli as Lactobacillus
acidophilus, Lactobacillus casei, Bifidobacterium spp.
(B. adolescentis, B. animalis ssp. lactis, B. bifidum, B.
longum, B. breve) belong to probiotic cultures that have
a positive impact on the consumer and normalize the
composition and functions of the bacterial flora of the
gastrointestinal tract.

Bifidobacteria - one of the most important groups
of intestinal microorganisms that dominate in the an-
aerobic flora of the colon [1, 2]. International Dairy
Federation considers that biobased products are com-
pounds, which contain at least 1 106-- bifidobacteria in
1 cmd [3, 4]. It should be noted that milk is an unfavor-
able environment for the development of the majority
of microorganisms-representatives of normal bacterial
flora of the human intestinal tract. This is due to the fact
that milk does not contain the low-molecular weight
compounds needful for the development of microor-
ganisms such as free amino acids, monosaccharides,
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etc., as well as the fact that the majority of bacteria of
the genus Lactobacillus, Lactococcus and Bifidobacte-
rium refer to the obligate anaerobes, affected negatively
by the dissolved oxygen in milk [5, 6, 7]. That is why
bifidobacteria that belong to anaerobic bacteria devel-
ops very slowly in milk.

The experts examined the possibility of combined
use of bifidobacteria and lactobacilli. It was determined
that a significant number of lactic-acid streptococci and
bacilli stimulate the growth of bifidobacterim flora in
milk, contribute to the increasing of number of active
cells of bifidobacteria and contribute to the intensive
accumulation of their metabolism products [8].

Bifidobacteria regulate qualitative and quantita-
tive composition of the normal intestinal flora, hinder
growth and prevent reproduction of pathogenic, putre-
factive and aerogenic bacterial flora, restore the dam-
aged structure of the mucous membrane of the intestine.
Together with other representatives of the normal intes-
tinal flora, bifidobacteria are involved in the digestion
and absorption, synthesis of B vitamins, vitamin D, fo-
lic and nicotinic acid, they promote the synthesis of es-
sential amino acids, better absorption of vitamin D and
calcium, stimulate the activity of lysozyme and synthe-
sis of antibodies, increasing the body’s function of im-
munity protection [9].

An effective way of normalization of intestinal
bacterial flora is a creation of synbiotics (complex of
pro- and prebiotics) and manufacturing of the products
on their basis, which will allow stimulating the devel-
opment of its own intestinal bacterial flora and increas-
ing the protective functions of the body.

In Ukraine, the fermented dairy desserts of func-
tional orientation are very popular. In the process of
their production a wide range of flavors and stabilizers
is used which regulates the processes of structure for-
mation that prevents denaturation of proteins during
thermal conditioning of the milk-based mixtures im-
proving the nutritional and biological value of the des-
sert product.

The development of technologies of dairy lacto-
and bifidobacteria-based desserts, using vegetable fill-
ers enriching foods with vitamins, minerals, polyphe-
nols substances makes it possible to increase signifi-
cantly the biological value and expand the range of
functional dessert products. As a filler, a variety of fruit
and berry juices is used, such as juices, purees, syrups,
natural fruits and berries in a candied or in a frozen
form.

The aim. Creation of symbiotic of functional
products with the use of prebiotics - ingredients of nat-
ural origin, that is able to stimulate development of cul-
tures of probiotics behaves to perspective directions of
expansion of assortment of functional foodstuffs [8,
13].

The methods of research. The aim of this work
is a scientific justification of composition and develop-

ment of technologies of fermented dairy dessert prod-
ucts of functional purpose, enriched with biologically
active substances of plant origin.

Our analysis of the lactic acid bacteria by the lac-
tose digestion level finds that lactococci and strepto-
cocci are characterized by a high degree of acid-for-
mation, but lactobacilli L. delbrueckii ssp. bulgaricus
and Lactobacillus acidophilus exceed other lactic acid
bacteria by the level of acid. According to experts,
strains of lactic streptococci Lactococcus lactis ssp. lac-
tis, Lactococcus lactis ssp. cremoris, S. thermophilus,
Lactobacillus acidophilus produce mainly L (+) - lactic
acid, which is physiologically more beneficial for the
human body. Acidophilic bacilli Lactobacillus aci-
dophilus inhibit harmful bacterial flora - salmonella,
staphylococci, etc., due to the ability to produce antibi-
otics lactocidin and acidophilus, which are amplified in
contact with the lactic acid [8, 15].

Assessment of protein cleavage by lactic acid bac-
teria mentioned above was determined by the increase
in the number of free amino acids in plasma after dep-
osition of milk proteins by 5.0% solution of trichloroa-
cetic acid, relative to control - content of free amino ac-
ids in sterilized milk before the fermentation process.

Bifidobacterium bifidum 791, Bifidobacterium
longum ssp. longum In M 379, Bifidobacterium adoles-
centis B-1 were selected aiming to obtain symbiotic
systems and to use them in the development of fer-
mented dairy dessert of functional purpose .

The results of research. It was found that the se-
lected strains of bifidobacteria in the development pro-
cess are resistant to high concentrations of bile, phenol,
they are developed in the environment of low and high
pH, they do not form catalase and hydrogen sulfide, do
not restore nitrates and nitrites and do not dissolve gel-
atin [15].

The consortium of selected bifidobacteria in the
ratio of 1: 1: 1 was evaluated for resistance under con-
ditions close to the medium of the stomach (HC1 pH 2
- 3) during 5 hours, and under conditions close to the
storage of finished dairy dessert products (lactic acid
pH 3 - 4) during 24 hours. It was found that in contact
with the hydrochloric acid at pH 3 the number of viable
cells of bifidobacterium of the consortium was reduced
by 5.2% when pH is 2 - 9.8%. When storing dairy prod-
ucts in contact with lactic acid at pH 4 the number of
viable cells of bifidobacteria was decreased by 3.4% at
pH 3 - 6.2%.

Based on the experimental data we can predict that
the bifidobacteria activity preservation while passing
through the gastrointestinal tract gives the opportunity
to predict the survival of the bifidobacteria in the com-
position of fermented dairy dessert during storage of
finished products before the experimental deadline.

The research of technological properties change of
the consortium of the adapted lactobacilli and
bifidobacteria and their composition within 6 hours of
storage was conducted (Table 1).



POLISH JOURNAL OF SCIENCE Ne 28, 2020

49

Table 1

Technological properties of microorganism compositions

Active Energy of acid-for- Number of viable cells in the
Microorganism compositions Acidity mation during fermen- bunch, Lg CFU / cm?®
(pH), tation, °T Bacteria Lactobacili
Consortium of lactobacilli (Lb.aci- -
dophilus + Str. thermophilus) (1:1) 4,5+0,2 7320,5 7,2£0,2
Consortium of bifidobacteria (B.bi-
fidum + B.longum + B.adolescen- 4,7+0,2 66+0,3 8,9+0,2 -
tis) (1:1:1)
Composition (consortium of
bifidobacteria and consortium of 4,6+0,2 69+0,5 9,5+0,3 8,0+0,2
lactobacilli) (2: 1)

Energy of acid-formation of the composition of
lactobacilli and bifidobacteria consortium compared to
the bifidobacteria consortium increases, but decreases
in comparison with the lactobacilli consortium, which
is a favorable factor for the growth of bifidobacteria. In
the development of bifidobacteria nutrients play an im-
portant role which are accumulated as a result of the
vital activity of the strains of lactic acid bacteria, in-
creasing the number of bifidobacteria viable cells.

We used bifidobacteria probiotics as growth and
development factors, - fructose, lactulose, concentrate
of artichoke as a source of inulin, as a stabilizing sys-
tems - pectin, gelatin, starch and cereals - rice and oat
flour.

During the fermentation of sterilized skim milk,
the bifidobacteria consortium within 6 hours of active
acidity of milk coagulum in contact with the bifitostim-
ulator of fructose reaches pH - 4.64, lactulose - pH 4.6,
inulin - 4.5 without stimulators for bifidobacteria - 4.7,
while titrated acidity is, respectively, 68, 72, 74 and
52%. In contact with bifidostymulators the product has
a lower active acidity and significantly increased volu-
metric acidity, which can be explained by the increase
in bifidobacteria activity and the formation of acetic
acid, which is quite strong electrolyte.

Nonfat dry milk (NFDM) is used to determine the
rational concentration of milk solids non-fat (MSNF) in
milk base of dairy products. Milk base increase in
MSNF contributes to an increase of the number of con-
tacts between the caseins during coagulation per unit
volume of the dispersion medium and leads to their in-
tense interaction. As a result, the viscosity of the prod-
uct increases and its consistency improves. It is also
known that MSNF concentration increasing in a nutri-
ent medium significantly stimulates the growth and de-
velopment of bifidobacteria by increasing in sulfur-
containing amino acids. [10]. Improving of their con-
tent in milk base increases the titer of bifidobacteria and
the increase in caseinate-calcium phosphate complex
(CCPC) in milk base - forms a buffer system that inhib-
its the growth of acidity while biomass increasing. As
a stabilizer of dairy dessert product structure, pectin,
gelatin, starch, oat and rice flour are used.

Pectin activates the development of bifidobacte-
ria; it is a breeding ground for the growth of normal
bacterial flora of the gastrointestinal tract and it has a
detoxifying and radioprotective properties [12]. In con-
tact with pectin a number of viable cells within 24 hours
of bifidobacteria increases from 1-104 CFU / cm®to 2.5

-108 CFU / cm®, compared with the control, in which
the number of bifidobacteria increases from 1-104 CFU
/cm3to 1:107 CFU / cm®.

Gelatin as a protein substance in the acidic envi-
ronment has a positive effect; it binds moisture and
forms a solid gel at low pH. The gelatin ability to bind
free moisture and to form dense coagulum and gels
through the formation of three-dimensional mesh struc-
ture is important in the dairy industry because it reduces
the risk of synaeresis in manufactured products; as a re-
sult, the output increases, prime cost reduces and qual-
ity of the finished product improves [13].

Starch is a neutral polysaccharide, which serves as
a structure-directing agent and as a stabilizer of the ob-
tained structures. Starch increases the water-retaining
capacity of dairy base, but it affects the acid-formation
ability of bifidobacteria. In the control sample without
the starch the acidity of derived structures is almost 88
°T, in samples with the starch content 5.0% - the acidity
is less than 76 °T [15].

We can assume that the starch as a neutral hydro-
colloid does not directly affect the fermentation pro-
cess, but it binds moisture and increases the viscosity,
which hinders the development of starter cultures and
slows down the fermentation process.

It is found that the use of stabilizers: pectin - 0.3%
gelatin - 3% starch - 4%, gives a possibility to get a
structure peculiar to the fermented-milk products, to
provide the necessary moisture and viscosity, to in-
crease the number of viable cells of bifidobacteria and
to prevent milk protein aggregation using fruit and
berry fillers.

As we stabilizer we used oat and rice flour in-
tended for infant food, without the enzyme lipase. Rice
flour differs from the oat flour in higher content of
starch, minerals and fewer content of proteins and fats.
Starch rice flour swells well, its volume increases in 5
- 7 times compared with the oat flour starch, the volume
of which increased only in 4.5 times [14]. We used a
mixture of rice flour and oatmeal in the ratio 1: 1. Oat
flour enriches the mixture with the proteins and fats,
and rice flour starch provides high water-retaining ca-
pacity.

Specified component structure of stabilizing sys-
tem gives a possibility to get a structure that has a deli-
cate, homogeneous, gelling consistency with glossy
surface, typical for dairy dessert products like pastes
and puddings. After 18 hours of fermentation, the ti-
trated acidity of control samples is 82 °T, active acidity
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- 4.5 in test samples, respectively, 88 and 4.4 °T. Coag-
ulum begin to form after 12 hours of fermentation,
when titrated acidity of control and test samples is up,
respectively, 72 and 76 °T and active acidity - 4.7 and
4.6. A mixture of oat and rice flour stimulates growth
and proliferation of bifidobacteria, increasing the num-
ber of viable cells during fermentation from 1 - 102 to
1-109 CFU /cm®.

It was found that for pasteurization of symbiotic
milk base, protein and fat normalized, it’s appropriate
to use the mode (90 + 2) °C with an exposure of 2 min.
Given that in milk and grain basis using a mixture of
oat and rice flour spore forms of microorganicms can
be present, pasteurization temperature set at (95 & 2) °C
at interval of 5 minutes.

In the production of milk-based desserts in MSNF
and fat normalized skim milk, they added the mixture
of prepared stimulators for bifidobacteria and stabi-
lizers in the prescribed rational number. The end of the
fermentation process in contact with milk-based com-
position of bifidobacteria and lactobacilli was deter-
mined by volumetric parameters and active acidity. Gel
formation process starts from the third hour of the fer-
mentation. Lag-phase duration takes 1 hour, which in-
dicates a properly selected quantitative and qualitative
composition of stimulators for bifidobacteria. The
sharp increase in volumetric decline and the reduction
of active acidity starts from the third hour of fermenta-
tion, and in six hours titrated acidity of test samples of
milky-based desserts reaches 72 °T, of control samples
- 85 °T active acidity, respectively, 4.7 and 4.5, on

milky grain basis - titrated acidity reaches, respectively,
78 and 82 °T active acidity - 4.4 and 4.5.

The content of bifidobacteria in milk-based exper-
imental samples during 6 hours of fermentation is 10,3
Lg CFU / cm?®, lactobacillus - 8,5 Lg CFU / cm?, in con-
control samples, respectively, - 8,1 Lg CFU / cm® and
8, Lg 6 CFU/cm3, in milk-based grain content of viable
cells of Bifidobacteria is 10,5 Lg CFU / cm?, lactoba-
cillus - 10,3 Lg CFU / cm®, in control samples - 8.3 Lg
CFU /cm® and 8.7 Lg CFU / cm?, respectively [15].

It was found that the process of structure for-
mation of sweet milk-based products is almost com-
pleted at the viscosity level of 1.65 - 102 Pas, while the
process of structure-formation of milk-grain based
products is slower and after 5 hours the viscosity
reaches to 1,85 102 Pas. [14].

While adding fruit and berry fillers, we have to
consider that they have low acidity and as a result can
occur a compaction of three dimensional structural
mesh of protein gel, disruption of sweet fermented
products structure and the emergence of synaeresis.

We experimentally found that during the produc-
tion of sweet fermented products, set way should be
used and adding a fruit and berry filler should be done
after adding starter, while stirring. Adding stabilizers
and sodium solt three replaced which maintains pH at
optimum level and increases the buffer capacity of
dairy products, prevents the emergence of synaeresis
process. The results of the research of fermented des-
serts with fruit fillers immediately after the cooling to
storage temperature (3 + 1) °C are shown in Table 2.

Table 2
Characteristic of dessert products with fruit and berry filling
Indexes Milk-based Milk and grain base
Control Test Control Test

Activ acidity, vol.un pH 4,5+0,1 4,67+0,1 4,52+0.1 4.64+0.1
Titrated acidity, °T 77,5+0.2 75.2+0.2 78+0,2 78,8+0,2
il;ngtl;% (/)fcrcr%ll viability of bifidobacteria, 9,242 9.842 10,142 10,542
Time of the coagulus emerfence, hour. 5,0+0,5 5,5+0,5 5,0+05 5,5+0,5
Viscosoty, n 103, Pas 1,89+0,2 1,93+0,2 1,91+0,2 1,95+0,2
Syneresis, cm® Absent Absent Absent Absent

The process of fermentation takes place 5 - 6
hours. Coagulums of symbiotic product are dense; the
texture is homogeneous, delicate, gelatin-like and mod-
erately viscous. The taste is clean, pleasant, with a taste
and smell of fruit —berry filler.

The results of experimental studies were the basis
for the development of new formulas and technologies
of fermented dairy product dessert of functional orien-
tation.

A study of changes on the content of viable
bifidobacteria during storage of the finished product
during 25 days at the temperature (4 + 2) °C was con-
ducted. It was found that within 10 days the quantity of
viable bifidobacteria is almost unchanged over the next
5 days begins a gradual death of bifidobacteria cells,
but their content in products remains high—102 ... 103
Lg CFU /cmd.

The research of rheological properties changes of
milk and milky-grain basis products during storage

showed that during the first five days of storage, ob-
tained structures thicken and viscosity of fermented
dessert products increases in the result of process of
complex formation of hydrocolloids with proteins and
with each other [11] and through adsorption of poly-
phenolic substances of fruit and berry raw on the sur-
face of proteins and polysaccharides with the forming
of complex structures, thickening the structure [12].
Conclusions. It is found that the structure of con-
trol samples of desserts is unchanged for 15 days, of
test samples — for 20 days, followed by a gradual de-
struction of the structure and there is little separation of
moisture in separate drops. After 25 days, synaeresis of
sweet milk-based products is 1.2 cm3, of milk and grain
basis - 0.8 cm3 was noted. Probiotic properties of both
control and test samples for 20 days of storage are not
lower than 1 - 109 CFU / cm3, but considering that after
10 days of storage bifidobacteria cell death starts, the
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storage time of fermented sweet products was limited
to 15 days.

So we have developed the formula and technolo-
gies of fermented desserts milk and milky-grain-based
product using bifidobacteria and lactobacilli, bifi-
dostimulators, structure-formants and fruit-berry fillers
that remain high biological value, delicate texture, taste
and aroma over 15 days, inherent to used fruit and berry
fillers.
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AHHOTaNNA

Ha CGFOI[H}IHIHI/Iﬁ JAC€Hb OY€Hb OCTPO CTOUT np06neMa nutaHusd. TeMI )KU3HU YCKOPACTCA U JIFOJAW BCC Halle
BBIHYK/IEHBI TIEPEKYChIBaTh Ha XO/1y. DTO HE SIBIISIETCS 370pOBOIl TeHAEHIMEH, HO OHa HenszOexHa. U mostomy,
HOABJISICTCS HGO6XOI[I/IMOCTB caeiaaTb NPOAYKT, KOTOpBIfI 6]31_]'[ 6BI MaKCHUMaJIbHO NUTATCIIbHBIM U ITPU 5TOM HAHO-
CHHII/II7I KaK MOKHO MEHBIIHI BpEa 310POBbIO. C sToit I EIbIO OBLIO PEUICHO pa3pa60TaTL aJ'IBTepHaTPIBHLIfI BUJ
qHUIICOB. YHIICHI MOPUBJICKATCJIbHBI TEM, YTO UMCIOT OUYCHb yZ[O6Hy10 KOMIIAKTHYIO (l)OpMy. 3TO ITO3BOJIIET 6paTL
YUIICHI ¢ COOOM KyJ1a YTOJIHO.

Taxkoit aﬂLTepHaTHBOﬁ MOT'YT CTaTbh YHIICHI CACJIAHHBIC HA OCHOBC KPAaCHOI'0 COyCca OCHOBHOIO, O6OFaHI€HHI>Ie
oenkoM. benok MOJIYy4acTCsa U3 KMbIXa paric. Panc gBisercs macieHHIHON KyanypOﬁ, KOTOpas OoraTa O€eJIKOM.
ITocne omxuma paricoBoro mMacia, B )KMBIXE€ OCTA€TCA 0O0JIBIIOE KOJNYECTBO 6em<a, KOTOprﬁ 1 NUCIIOJIB3YETCA I
oborameHus pa3pabaTsiBaeMBIX YHTICOB. B mporecce pa3paboTKu 9MTICOB OBIT IPOM3BEAEH 0030p YKE CYIIECTBY-
IOINX Pa3JINIHbIX aJIbTEPHATHUB YUIICOB.

Abstract

Today, the problem of nutrition is very acute. The pace of life is accelerating and people are increasingly
forced to eat on the go. This is not a healthy trend, but it is inevitable. And therefore, there is a need to make a
product that would be as nutritious as possible and at the same time causing as little harm to health as possible.
For this purpose, it was decided to develop an alternative type of chips. Chips are attractive because they have a
very convenient compact shape. This allows you to take the chips with you anywhere.

This alternative can be chips made on the basis of red main sauce, enriched with protein. Protein is obtained
from rapeseed cake. Rapeseed is an oilseed crop that is rich in protein. After pressing the rapeseed oil, a large
amount of protein remains in the cake, which is used to enrich the developed chips. In the process of developing
chips, various alternatives to chips that already exist were reviewed.

KiaroueBble cjioBa: YUIICHI, 310POBOEC MUTAHUE.

Keywords: chips, healthy diet.

Bce BUIBI YHIICOB yCIOBHO MOXKHO pa3/esuTh Ha
TC, KOTOPBIC IMOJTYYarOTCA U3 HECJIbHBIX JIOMTUKOB ChbI-
Pbsl U Ha T€, KOTOPBIE TOJIYyYaroT IyTEM BBICYIINBAHUS
cMmecu. J{ist Hayama paccCMOTPUM IIPOAYKTHI, KOTOPBIE
MOJTY4aloT IyTeM Hape3aHHs CHIPbs JIOMTHKAMH C T10-
cieyroned ux oopabOTKOH, TO €CTb OCHOBOM KOTO-
PBIX HE SBISIFOTCS pa3iandHble cMecu. K TakuM mpoyk-
TaM HalpuMep OTHOCSTCS YUIICHI U3 KOPHS CEIbIepes,
pa3paborannabie mon aBTopctBoM A.C. Tepckoro u
H.A. Tepckoii. Cenbaepeii TOMBITBIA ¥ OYHUIICHHBIMN,
Hape3aloT TOHKUMHU JiomTukamu 0,8 MM. 3aTem JoM-
THKH TIOACYLIMBAIOT A0 OOIIEro COAEpKaHHs BIIard
10-18 % u obxapuBaroT B Macyie 5 MUHyT. Takum 00-
pa3oM B cOocTaBe YMIICOB He paspyluaercsi (osueBas

KHCJIOTa, @ KapOTHH HaXOJUTCA B BHUJC JIETKOYCBOSC-
MOTO PacTBOpa B KMPOBOM KOMIIOHEHTE B PE3yJIbTaTe
4ero NpoayKT camMoBUTaMuHu3upyercs [1]. @onueBas
KHCJIOTA SIBJISIETCS BOJOPACTBOPUMBIM BUTAMUHOM, YTO
JIeNlaeT ee 0COOEHHO MPUBIICKATEIbHBIM, TaK KaK BO/IO-
pacTBOPUMBbIE BUTAMHUHBI 3HAYMTEIFHO IPOIIE BBIBO-
JIITCSL U3 OpPTraHn3Ma, ¥ JIMIIb 3HAYNTEIbHOE TIPEBhIIIe-
HUE (B JECATKH WIM COTHH pa3) (U3UOIOTHUECKON
JI03b1, BITOJTHE MOKET 00yCIOBUTH PA3BUTHE HECIICIH-
¢udecknx MOOOYHBIX APPEKTOB (AMApPEH, TOUTHOTEHI,
KpaIMBHUIIBI ), BECbMa ObICTPO MCYE3AIONINX TOCTE OT-
MeHBI TpueMa npemnapatos [2]. CyTodnas moTpebHOCTh
B (ponmenoii xkucnore 0,2—0,5 mr. OTCYTCTBHH B parfu-
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OHE IIMTaHMUS YEJI0BEKA 9TOT0 BUTAMUHA BBI3BIBACT aHE-
MHIO, HApYIIEHUE B CHHTE3€ SPUTPOLIUTOB U JICHKOIH-
TOB, a TaK e HapyIlleHue B oOMeHe BemecTs [3].

dounmeBas KUCIOTa UMEET HU3KYIO TEPMOJIaOWIIb-
HOCTh, TO €CTh HE NOJABEp)KeHa OBICTPOMY paspylie-
HUIO IIPHU BO3JCHCTBUU TemIa. JTO JAeT el BO3MOXK-
HOCTb COXPAHATBHCS B NMPOAYKTE IMOCIE TEPMHUYECKON
06pabotku. Ho aToro Hemb3st cka3arh Ipo BCe MOJIE3-
HBIE HYTPHEHTHI, COAEp)KAIHecs B NPOIYKTax. JTy
npobiemy nertarorest pemmnTth A.H. Octpukos u E.1O.
CrypoBa B IPEIJIOKEHHOM HMH CIIOCOOE ITPOHM3BOA-
CTBa YHUIICOB U3 XypMbL. CocoOOM TpeaycMaTpuBaeT
MOHKY, pe3Ky M KOMOWHHMPOBAHHYIO PaIHAIlMOHHO—
KoHBeKTHBHYIO cymiky MK-mygamu. Cymika npoucxo-
JIUT C TIOMOIIbI0 00pPabOTKM JIydaMH JTMHHOW BOJIHBI B
nuama3oHe 1,16—1,65 MKM M IIJIOTHOCTBIO TEIIOBOTO
motoka 2,69—5,44 kBT/M2 U KOHBEKTUBHBIM 00IyBOM
BO3ayxoM ¢ Temnepatypoii 291 K. Cyiika npoucxoaut
B TPHU 3Tama, Uil KaXA0T0 U3 KOTOPBIX IPELyCMOT-
PCHBI ONpEeICHHBIH PEXUM PabOTHl 000PYIOBAHUSL.
Ha BrIXOz€ mOMy4aroTest JOJIBKU C COAEpKaHNe BIIATH
7—8 %, KOoTOpBIE 3aTeM 00IMBAIOT CHPONIOM. YHIICH 13
XYPMBI UMEIOT BBICOKOE COAEPKAHME LIEHHBIX NUTa-
TENBHBIX TEPMOJIAOMIBHBIX BEIIECTB. JTO OOYCIIOB-
JIEHO MSITKUMH, IAIAIUMH TeMIepaTypHO-THIPOIH-
HaMU4eCKUMHU pexxuMamMu cymku [4]. [loanoOHsIM 06-
pasoM Te K€ aBTOpbl MpeUlaraloT CyIIUTh U
nepcukoBbie ynichl [S]. O0a criocoba HalleIeHbI Ha 00-
paboTKy cBeXHX (PYKTOB, IS YBEJIMUEHHSI CPOKA UX
XpaHEHHs C COXPAHEHHEM MaKCUMaJIbHOTO KOJIUYeCTBa
MOJIE3HBIX CBOMCTB.

[Iponomxkas Temy ¢pykros, aBropsl T.A. Ucpu-
roBa, M.M. Canmanos, C.C. UcpuroB u K.M. Canma-
HOB IPEJIaTratoT CBOH crioco0 CymIKH sS0I0K AT MOITy-
YeHus! anbTepHaTuB unncaM. OJHOW M3 CEPhE3HBIX
mpo6IeM ¢ OOBIYHBIMU KapTO(ETHHBIMHA YHIICAMH SIB-
JISIeTCSl MX TOBBIILICHHAS KUPHOCTh. W mpu co3naHuu
aIbTEPHATHB MHOTHE aBTOPHI 00paIlal0T BHUMAHUE Ha
TO, YTOOBI MUHIMH3HPOBATH KOIWYECTBO xupa. U nan-
HBII CIIOCO0 TOJTyYeHHUs! aJIbTEPHATHBHBIX YHMIICOB HE
uckimoveHne. [loaroroBneHHble SOJOKM Hape3arT
KOJIBLIAMH TOJIIIMHOW 3—4 MM W OJaHIIMPYIOT B pac-
TtBOpe 0,05 % JIMMOHHON KHCIOTBI IPH TEMIEpaType
55°C B TeueHHH 5 MUHYT. 3aTEM KOJIbLA 3AJIUBAIOT CU-
porom (1:1 caxapuslit cupon 70% n Gexmec) Temiepa-
Typoii 75°C u BeigepkuBatoT 6—7 gacos. [locie sToro
KOJIbIIA BBIKJIAABIBAIOT HA CUTO M JAIOT CTEYb W3JIUII-
kaM cupomna. [Iponenypy moBropsroT emie 2 pasa. S16-
JIOUHBIE KOJIbLIA [TOIBEPrat0T KOHBEKTUBHOM Ccyluke. B
UTOT€ MOJYYaroTCs SI0JOYHBIE YHIICHI C BIaKHOCTBHIO
6—7 %. Do Xopolas ajJbTepHaTHBa KapTO(EIbHBIM
9HIIcaM, KOTopas mojryyaercs 6e3 00xapku B sxupe [6].

PaccMoTpeHHBIN  BBIIIE  CIOCOO  MO3BOJISIOT
yOpaTh W3 LMKJIA TPOW3BOJCTBA SIOJIOYHBIX YHIICOB
xup. Ho 3TOT cnoco® o JHOBpEMEHHO SIBIISIETCSI U J10-
CTaTOYHO CIIOXHBIM. PaccMoTpuM Apyroii croco0 mo-
Jy4eHHS sI0JI0OUHBIX YUIICOB, KOTOPBIN OBUT IPETIOKEH
KOJJICKTHBOM aBTOPOB, cocTosmux 3 A. C. OBunHHH-
koBa, H. M. Auronosa, H. 1. Jlebens u A. E. HoBu-
koBa. [TonrotoBieHHbIE SI0IOKKM HAPE3AIOT IOMTHKAMHI
TOMMMUHON 1,9-2,3 MM U BBICYIIIMBAIOT MIPH MTOMOIIBIO
KOHBEKTHBHOW cymKd. KOHBEKTHMBHas CyIIKa MpoHc-
xoaut npu temneparype 80-85°C B Teuenue 10-15

MuHYT. [locie 3Toro 1OMTHKN 00KapHBaOT B Macie B
TeyeHne 2—3 MuHyT. OCOOEHHOCTH TaHHBIX YHIICOB 3a-
KJIFOYAaeTCsl B TOM, YTO MPEJBAPUTEIHLHO BBICYIIIEHHBIE
YHIICHI BO BpeMs 00)KapKU He TaK CUJIBHO BIIUTHIBAIOT
XKHp, B pe3ysbTaTe Yero ero cojepkaHue B MPOIYKTe
yYMEHbIIAeTcs IpUMepHO B 2 pa3za [7]. [a, sxup TyT He
UCKJIIOYAETCsI COBCEM, HO CIIOCO0 sIBIsieTcst 6oiiee mpo-
CTBIM, Ye€M TNPEIbIIYLINHA, IPU 3TOM M03BOJIIET MUHH-
MHU3HPOBATH COZIEPKaHNE KHPa B TOTOBOM IIPOIYKTE.

He o0s13aTensHO A CHYOKEHHS KUPHOCTH YHII-
COB, OTKa3bIBaThCS OT HCIIOJB30BaHMSA KapToders.
Hanpumep, cmoco® mnpownsBoacTBa KapTo(herbHBIX
4gnuIcoB, npemioxeHHeld A.A. Hepan€éunoit nu H.B.
JloiraHoBoi IO3BOJSET IOJydYaTh YMUIICHI U3 KapTo-
(enst ¢ MOHMWKEHHBIM coJiepkaHueM kupa. OuuiieH-
HBIH Kaprodenp Hape3aloT JIOMTUKAMH W OJIaHIIH-
pyIOT. 3aTeM JIOMTHKHU MOKPBIBAIOT PACTBOPOM JIAKTy-
7036l (JIAKTYJO3a, BOJA, Kpaxmal, YKpOI, YepHBIN
MOJIOTBIM Tepell, JyKOBBIH 3KCTPakT U coib). Ilocne
3TOTO JIOMTHKH TIOMELIAIOT B MTAPOKOHBEKTOMAT U Cy-
mat. PacTBoOp 1akTy03a MO3BOJISET MOMYIUTh XPYCTSI-
mye KapTodeIbHbIe YANICHl 0e3 UCIONb30BaHUs Macia
[8].

OdeHp 4acTo HEJOCTATKOM NIPOM3BOACTBA YHIICOB
SIBISIETCSI Ka9EeCTBO NPOAYKTA, KOTOPBIA IOJIydaeTcsl.
[TopTsaTcsa opranojaenTuYecKue CBOMCTBA, TPOUCXOAUT
OKHCJIEHHE Ha CTAIMM CYILIKH, YTO IPUBOIUT K IOTEpe
moJyie3HbIX cBoMcTB. Tak yTBepxaator I'.B. Kanamau-
koB 1 E.B. JIUTBUHOB U npe/yiararor cBoi crocob mo-
JIy4eHHs IIOZ0BOOBOIIHBIX YHUIICOB, KOTOPBIN MO3BO-
nseT u30eKaTh JIaHHBIX HENPUATHBIX 3 QEKTOB.
Cy1ika CbIpbs IPOUCXOANT B IATH ATanoB. CyTh B TOM,
YTO CBIPbE MOABEPralOT MOCTAAUHHON KOHBEKTUBHOU
CYIIIKE CO CTYMEHYATBIMH PEXIMaMU 00pabOTKH H T0-
CJIEZI0BATEIbHO MHOTOKPATHO YEPEYIOIINMHUCS CTAIH-
ssMU. [ 0TOBBII IPOSYKT UMEET BIaKHOCTB 5—7 %. Jlan-
HBIA METO/] OJJpa3yMeBaeT NCIIOIh30BaHUE B KAYECTBE
WHEPTHOTO TETUIOHOCHUTENS TEperperoro mnapa arMo-
c(hepHOTO MaBJICHUS MPH MOCTATUHHON KOHBEKTHBHON
CYIIKE CO CTYIEHYAThIMH PeXHMaMH 00paboTKH, T1e-
pemenHoro CBU-sHepromnoasojia ¥ BKIIOYEHUS IPO-
MEXYTOYHOM CTaJMU BIIArOHACHIIIEHUS MEXAY CYyII-
KOH MPOAYKTa B COOTBETCTBUU C KHHETHUECKUMH 3aK0-
HOMEPHOCTSIMU BIIAroTEIIOBON 00paboTKH
IIJI0JJOOBOIIHOTO ChIpBA [9].

CTouT TaK K€ OTAENBFHO BBIJECIUTH MOPKOBB, KaK
CBIPbE JUISI MONyYEHHs albTEpHATHBHI 4MIicaM. [laH-
HYI0 TEMY B CBOEH CTaTbe MoaHuMMaroT aBTopbl W.I'.
Koctko 1 M. BanuroBa. CorinacHo UX CTaThe, OHOJIO-
THYECKasl IEHHOCTh MOPKOBU OOYCIIOBJIEHA TEM, YTO
OHa SIBJIETCS OOTAaTSHIIINM U B TO K€ BPEMSI CaMbIM Jie-
LIEBBIM M JTOCTYNTHBIM HCTOYHHUKOM KapOTHHOUJOB (B
TOM uucie, P-kapoTnHa, Ha KOTOpPBIA OOBIYHO MPUXO-
mutcst oT 43 1o 70 % u Oonee B KApOTHHOUIHOM CO-
cTaBe KOpHEMI0/0B). KapoTiuHon sl nmeroT 0ombiioe
3Ha4YeHUe JUIA TOAAEpKaHHS 3J0POBbs UeNIOBEKa, IpU
3TOM pa3INYHbIC BU/BI KAPOTHHOUIOB BBINIOJHSIOT B
OpraHu3Me pa3au4Hble (PyHKIUH (SBISIOTCS IPOBUTA-
MHHOM A, TpOSBISIIOT MOIIHBIE AHTHOKCHIAHTHBIC
CBOWCTBA, CHI)KAIOT PUCK BO3HUKHOBEHHMS Psilia TSKe-
JbIX 3a0oneBaHuil u Ap.). EquHCBTEHHAss mpobiema
MOpPKOBH B TOM, YTO OHA COIEPKUT OOJIBIIOE KOTHYE-
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CTBO PEAYLHPYIOLINX CAXapOB, YTO MPUBOIMT K MOTEM-
HEHUIO CBIPbs BO Bpems cywku. Iloatomy mepen mpo-
W3BOJICTBOM YHMIICOB HEOOXOJMMO TPOBOJUTH JOIOJ-
HHUTEJIbHYIO OYHCTKY OT U3JIMIIKOB PEAYLIUPYIOIIHX Ca-
xapos [10].

M.J. TkaueHKo IpeasiaraeT CIeAayoIui crnocod
MPOM3BOJICTBA (PPYKTOBO-SITOJHBIX CHEKOB. [1o KoHCH-
CTEHIMEH OHM HAIIOMHHAIOT YMIICHI, HO 00JIaatoT I10-
JIE3HBIMHU CBOWCTBA IPOJYKTA, B3SITOTO 32 OCHOBY. CBI-
pbe Hape3aloT Ha TOHKHE HOoibku (2—10 MM) U BeIIEp-
JKMBAIOT B PACTBOPE KpaxMaJIbHOU MaToku (2545 %) B
teuyenue 4—6 gacos. [ocie KpaTKOCPOYHOTO MPOCYIITH-
BaHMS Ha BO3JyXE, 3arOTOBKY IOJ[BEPTalOT 3aMOPO3KE
Ha 20-24 vaca nipu Temmepatype -25°C, a 3aTeM moj-
BEpPraloT BaKyyMHOM CYIIKe TIpH TeMIlepaType pacTH-
tenpHOro Macia 80-95°C. Ilocne cymIkd H3THIIKH
Macja U3 FOTOBOTO MPOJYKTa YIaJs0T LEHTpU(PYTrH-
posanueM (350-400 o6/muH). [laHHBII TPOIYKT UMEET
BBICOKOE COJIep)KaHHE BUTAMHHOB U MUHEPaJIbHBIX BE-
IIECTB, a TAKXKE YBEIMICHHBIN cpok XxpaHerwus [11].

Ho nomuMo anpTepHATHB YHIICOB M3 PA3IHMYHBIX
oBoIel H (PYKTOB CymecTByIoT U apyrue. OnHa u3
TaKuX paccMaTpuBaercs B cratee T.A. Hcpurosoid,
M.M. CanmanoBa u A.b. Kyp6anosoii. B coeii ctatpe
OHM PACCMAaTPUBAIOT, KAaK albTEPHATHBY KIIacCHUe-
CKUM 4YHWIICAM, YHIICHl M3 JaBama. Takue YHIICHI
HEWTpPaIBHBI 110 BKYCY, YTO IO3BOJISIET apOMaTHU3UPO-
BaTh MX PA3JIHMYHBIMHU ClieHUsIMH. JIaHHBIN NPOIYKT SIB-
nsiercst nuetndeckuM. K ToMy ke B COCTaB JaBaria
npeasIaraeTcst BHOCUTh BHOCHTB OTPYOH, KOTOpbIe 000-
ram@aroT JaBam moyie3HeiMu 31ementamu (Fe,Zn, P,
K,Ca,Na) u Buramunamu (PP, E, B1,B2). perymspaoe
ynotpebiieHre oTpyOell NIIEHHYHBIX CIIOCOOCTBYET
HOPMaJIN3aIN CEPAECUHO-COCYTUCTON JIESITENbHOCTH,
YTO OOYCIIOBIEHO OCOOBIM CBOWMCTBOM JAaHHOTO TIPO-
JIyKTa YMEHBIIATh XOJIECTEPUH, TEM CaMbIM CO37aBast
Gapbep st 00pa3oBaHUs B COCYAAX aTePOCKIEPOTHYE-
ckux Osstmrek [12]. [ToMumo 3TOrO0, MaHHBIA BU YHII-
COB MoJjydaercsi 0e3 00KapKu Ha Maclie, YTo SIBIISIETCS
LIEHHON XapaKTEePUCTHKOM IS albTepHATHUBEI YHIICAM.
Beap moMuMO OpraHofienTHYECKHM KadecTBaM, He0O-
XOAMMO TaK ke, YTOOBI IPOAYKT OTHOCHIICS K KaTero-
PpHH 37I0POBOTO MTUTAHMS.

OnnH 13 MHTEPECHBIX BAapHAHTOB YHIICOB OBII
npencraeieH B Kurae JIu I'yoouroM, Ao CraonuHOM,
Ban Xy, ®an SAnrom, Cy ®u, A HOwmarom, Cna
IOnuyanom, JIro Ilymmanrom, XXsH FHanem, Yenom
AmxoHoM. Mmu OBUTO TIPEemIOKEHO NPOHU3BOAMTH
YUTICKl U3 KBalleHOW KamycThl. Kamycty obGeccanu-
BAIOT, 3aTEM 3aMayMBalOT B TIIIOKO3HOM pacTBOpE U
BBICYLIMBAIOT. briaromapsi 3ToMy MOJNY4YarOTCsl YHIICHI,
KOTOpBIE MMEIOT HEOOBIYHBIH BKYC W XPYCTSILIYIO
cTpykTypy [13].

Ogo1y BooOIIIE ABIISETCS 0Y4SHB [IEHHBIM IIPOIYK-
TOM JUISl CO3JJaHUS AJIbTEPHATHBHBIX BHOB YHIICOB. B
narenre Mun Jly mpemnaraercsi ocoOeHHBIH crioco0
BBICYIIIMBAHKE THIKBBI. THIKBY PEXyT JOMTHKaMH TOJ-
IIMHOW PUMEPHO | caHTUMETp. 3aTeM JIOMTUKH TIOJI-
HOCTBIO BBICYIIMBAIOT IpU Temmepatype 85° mo da-
peHreiTy. BBICyIIEHHbIE JOMTHKHM BBIMA4YMBAIOT B
BOJIC B TEUCHUH 3 4YacOB W IOCJIE 3TOrO JOCTAIOT U3
BOJBl M OTXKMMAIOT OT W3JIMIIKOB BOABL [lomemaror
MOJTy4EHHBIE IOMTHKH B EMKOCTb M JO0ABIISIIOT JF000H

coyc. Ot1o Bce BapAT Ha napy B TeueHun 30 munyT. [o-
CJIe 3TOrO JIOMTHKHM JOCTAIOT WM OISTh BBICYIIMBAIOT
[14]. TrikBa cama 1o ceOe SBISETCS OYEHb MOJIE3HBIM
npoxykToM. OCOOEHHOCTh AaHHOTO TPOAYKTa B TOM,
YTO MOXKHO BapbUPOBATh BKYC MEHASA COYC, KOTOPBIN
J00aBIsIeTCsl.

JlocTaTOYHO MHTEPECHBIM MPOAYKTOM ATl IPOU3-
BOJICTBAa QJIBTCPHATHBHBIX YHUIICOB SBISETCS JKCHb-
meHb. Crioco0 BBICYIIMBAHNE YUIICOB OTPAXKEH B Ma-
TeHTe noj aBropctBoM Ilak bo Xu, Jl>on En Mun, Ha
Cy Yan, Yan Con Mus, Kum Xu /Ixy. BeicynmiBanue
YIPOIIAET XpaHEHHUE JKEHBIIEHS 1 TI03BOJISIET yIIOTPEO-
JSTH ero B yaoOHoe Bpems. JKeHbleHb MOIOT, Hape-
3a10T TOHKUMH JIOMTUKaMU U cymaT npu 30—60°C B Te-
yeHHu 2—8 dacos. [locie 3TOro BBICYIIEHHBIN XKEHb-
LIeHb 00’KapUBAIOT U OXJIAXKIAIOT. JKEeHbIIEHb MOJIe3eH
TEM, UTO COJACPKUT TPUTEPIICHOUAHBIE CATIOHUHBI, I10-
JIMALeTUIICHBI, TIOJIMCaxapyu b, d3pupHbIe Macia, MOJIH-
MEeTTHIBI 1 aMUHOKUCIIOTHI [ 15].

OTIenbHO MOXHO BBIJICTIUTH MTPOM3BOICTBO UHII-
COB Ha OCHOBE rpruOoB. ['pHObI SBISAIOTCS OYEHb LICH-
HBIM HCTOYHHUKOM Oenka. [losToMy 3amMeHHMTENN UYuII-
COB Ha U3 OCHOBE HE TOJIBKO SABJIAIOTCA JOCTOMHOM 3a-
MEHOHM KIIACCHYECKUM KapTOQeIbHBIM 4YUIICaM, HO U
SIBIISIETCS IPOLYKTOM, KOTOPBIM MOAOKAET [UIsl BOCCTa-
HoBneHust cuin. Hampumep, Kun Xyositto mpamaraer
CHoco0 MPUTOTOBIICHHS BEIIEHOK, 00OTAIllEHHBIX Oel-
koM. Hape3aHnHsle U 1eruapaTHpOBaHHBIE B CIIELIHANb-
HOM pacTBOpe IrpuObl BEIMAUMBAIOT B PaCTBOPE I'MPO-
JM30BaHHOTO Oenka. TakuM 0Opa3oM IoydaroTcs Be-
IICKH C TIOBBIIICHHBIM CcoJiepxanueM Oenka [16].
[Moxoxuit crocod MpPoM3BOACTBA XPYCTSIIMX YHUIICOB
13 TpUOOB C NOBBIIICHHBIM COIEpKaHNEeM OerKa Ipes-
craBieH bamanom Benkaremem. B ornnumm ot ma-
TEHTa, KOTOPBIH H3JI0KEH paHHEE, B HTOM MAaTEHTE
rpubsI cymatbes npu Temmeparype 60—100°C, a ve ae-
THIpaTUPYIOTCA pacTBopoM [17].

Janee paccMOTpHUM YHIICHI, C/IeTaHHBIE HA OCHOBE
OMpezesIeHHOW roMoreHHoW Maccel. Hampumep, pac-
CMOTPUM KOMIO3HIIUIO JUISI CO3JJaHUS YUIICOB U3 JTaMU-
Hapuu, npeanoxennyto J[.M. Kyrtysossmm u I'.B. 310-
poBLOBBEIM. [laHHas cMech BKIIIOYAET B ce0s Clie/yro-
mue 700aBKW: OBOINM; CEMEHa JIbHA; CEMEHa
TIOJICOJTHEYHHKA; TOJIOKHO; COJIb; CIICIHH; JIAMHHAPHUS
COCTaBIISIET BECh OCTaBILUICS NMPOLEHTHHINA cocTaB. B
Ka4ecTBE CICHHUH NpHUMEHAETCA: Oa3miNK, KypKyMy,
meperl KpacHeld (YWiM), Teper 4YepHBIA, KOpHaHIp,
TMHUH, MUMOWpPH, KOpHIy. TOJOKHO HCHONB3YIOT W3
L[eTbHO-3¢PHOBOr0 OBca. [IprMeHeHHWe JaMHHApUU B
cocTaBe Kak OCHOBHOT'O HHI'PEAUEHTA JIJIsl IPUTOTOBJIE-
HUS YUIICOB TO3BOJIUT IOJTy4aTh MPOAYKT C BHICOKUM
COJIepKaHUEM KIIeTUaTKH, IUIIEBBIX BOJIOKOH, MUHE-
pasioB M OMOJIOTHYECKH aKTUBHBIX COCAMHEHWI ioza
[18].

OueHb NOXOXKUH Ha KITaCCHYECKHii, crioco0 moiy-
YEHUsI YUIICOB C IOBBIIICHHBIM COJEp)KaHHEM Oernka
npeanoxex un Eurmu. VX memaror u3 cMecu KapTo-
(denpHO MyKH, KYKypy3HOH MYKH, SUYHOTO O€IKa,
CBIBOPOTOYHOTO O€JIKa, Macia, pUCOBOM MYKH, ChIpa U
00€3KUPEHHOr0 MOJIOKA. JIaHHYI0 CMECh BBINEKAIOT B
pe3ynbTaTe 4ero MOoIydacTcsl MUTATEIbHYI0 3aKyCKy

[19].
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Jlarnee Bce YUIICHI pa3/ieNieHbI HA KATETOPUH 110 BH-
JlaM CBIPBS: IIPUTOTOBIICHHBIE U3 OOOOBBIX, 36PHOBBIX
U KPYII; IPOU3BEACHHBIE C IPUMEHEHUEM KHUCIIOMOJIOY-
HOM IPOJYKIMH; YHIICHI U3 (apilia; caeaHHble Ha OC-
HOBe coyca. HauHeMm ¢ 4HIICOB, MPUTOTOBJIEHHBIX Ha
ocHoBe 000OBBIX, 3¢pHOBBIX U KpyI. B coctaB umrcos,
paspaboransbix T.I. KoBanbuyk, BXOIUT pHcOBas
KpyIa, KyKypy3Hyl0 KpyIa, BOAa, Macjlo MOACOJIHEY-
HO€ WJIM Macll0 OJHMBKOBOE, 3KCTPAaKT pO3MapHHA U
HaTypaJIbHbIe TIPUNPABEL. UHIICHI OTyYaroTCs OCPea-
CTBOM SKCTPYIHMPOBAHMS CMECH KPYI C OJXHOBPEMEH-
HOW BBITIEYKON U OPUKETHPOBAHNUEM C TBOMHBIM IIpEC-
coBanreM. Ha ¢puHaIBHOM cTainy HaIBUICHHEM Ha I10-
BEPXHOCTh HYHIICOB HAHOCUTCS BKyCOapOMaTHUECKas
Jno0aBKa (pacTUTEIHHOE MACIIO, SKCTPAKT PO3MapHHa U
pasnu4HbIe crierun). TakuM 00pa3oM MoTydaeTcst mpo-
IYKT, TIPUTOIHBINA ISl yIOTpeOIeHNs B MTUIY KaK JI0-
TIOJTHUTEIBHOT'O UCTOYHHKA KIIETYATKH, MUHEPAJIbHBIX
BeIeCTB ¥ BUTAMUHOB [20].

Croco06 mpou3BOACTBA YHIICOB HA OCHOBE CMECH
6060BEIxX pemtoxmwn .M. Komec, C. I'magen, UeH-
Cenr Ksan, T.A. Tpesa, IO Xy. [laHHbIe YUIICBl UMU-
THUPYET MSICO CBUHHUHEI. berkn 0000BBIX CMEIINBAIOT C
BOJIOH U MPOITYCKAIOT Yepe3 IKCTPYAEp. 3aTeM CMECH C
MIOMOIIIBIO MATPUIIBI MPUIAIOT HYKHYIO (OpMY H BBI-
CYIIMBAIOT J10 ONTUMAaJIbHOM BIAXHOCTU. JlaHHBIN
MPOAYKT SBISIETCSA UCTOYHUKOM PACTUTEIHHOTO Oenka
[21].

OueHp MHTEPECHBIH CIOCOO MPOW3BOJCTBA YHMII-
COB M3 COeBOro TBOpora mpemtoxunn flao Cupomr,
Sur JTumunr, Exur JHxuomm, Sao Cuamku, Sao JIu, bu
Suoxonr, Eur Yanrcunr, Ian JXurmsur, Pro Xonr-
¢enr. CoeBblii TBOpOT (POPMHUPYIOT KyOUKaMu 1 MapH-
HYIOT B CIIEIMAIIEHOM pacTBoOpe. 3aTeM KyOWKH BBICY-
MIMBAIOT KOHBEKIIMOHHBIM HArPEBOM MPH TEMIIEPAType
65 — 75°C. Tlocie 3Toro KyOMKH pa3jieNsioT Ha JIOM-
TUKU. [laHHBIC CHEKH ABJISIOTCS IMOJIC3HBIM IMUTaHHEM
[22].

Jamee paccMOTpHUM TIpyMIly YHIICOB, KOTOpPHIE
OBLTH MOJTyYEHBI C TOMOIIBIO KHCIIOMOJIOYHOW MPOJTYK-
un. K aToMy BUJy OTHOCHUTCS aJbTepHAaTUBHBIM BUJ
guncoB MummmMacel Kymarau u3 BeICyIIEHHOTO Ho-
ryta. JlaHHBIE YHUIICHI AETAIOT U3 OOBIYHOTO HOTYPT C
no0aBIeHHEM AEKCTpUHA U Kpaxmaia. Cymar ero mpu
MOMOIIBI0 BaKyyMHOW cymiku [23]. B urore momy4a-
IOTCSI XPYCTAIINE Y IIUTATEIbHBIC YHIICHI.

I'pynna uccnenosareneit B nuue M.I'. Marose-
nmoBa 1 A.B. PriOnHa B cBOe# CTaThel JEMOHCTPHPYIOT
OeNTKOBBIE CHEKH, MOJTYYCHHBIE C HCIIOIB30BaHHEM
KOHIIEHTPATa CBIBOPOTOYHOTO Oesika. MoJioyHas ChIBO-
POTKa SIBIIETCSI HOOOYHBIM MPOILYKTOM IIPH IIPOU3BOJ-
CTBE CBIPOB, TBOpOra, ka3denHa. KoHIleHTpaT moxyda-
eTcsl IyTeM IpoCTeHIell OUUCTKY CHIBOPOTKHU, YCBAU-
BaeTCsl OpPraHU3MOM B TE€UYEHHUE JBYX 4acoB. [laHHas
J00aBKa TO3BOJISIET MOBBICUTH KAUYeCTBO MPOIYKIIUH,
KOTOPOH MOXHO 3aMEHHUTh MYYHbIE KOHIUTEPCKHUE U3-
JEeNHsl, CyXapy M YHIICHL, YBEIHYHTh COJEp)KaHHE
Oenka, TTOBBICUTH NMHIICBYIO W OHOJIOTHYECKYIO IICH-
HOCTb, MOIYYNTHh MPOAYKT (YHKIIMOHAIBHOTO Ha3Ha-
YeHUs], IPeIHa3HAYCHHbIN JUI MUTaHUSI CIIOPTCMEHOB

[24].

Yuricel u3 (apina B 0011l CBOEH Macce AeaarT
IyTeM HPEBAPIIACHUS] BCEX KOMIIOHEHTOB B TOMOTCH-
HYIO MAaCCy U BbICYIIMBAHUA UX B ONPCACIICHHBIX YCJI0-
Busax. Kak Hampumep, crnoco0 nosyuyeHHe YUIICOB Ha
ocHOBe cypumH, npeanoxkennsiit JK.C. Muannom, M.b.
Maptunesom, A.A. Tapcueit, [1.U. Juzom u P.JL
XonragoMm. Cypumu SIBJISICTCS. PHIOHBIM ITPOJYKTOM,
KOTOPBIH MOJYYalOT MyTeM M3MENIbYEHHs MsIca PHIOBI,
TIPY CMEIIUBAHUH C COJIBIO, PA3PBIXJINTEIIEM, CaXapOoM,
NIpUIpaBaMu M, B HEKOTOPBIX cIydasx, Bomou. [loimy-
YEHHYIO MAcC pa3pe3aroT Ha IUIACTHl U BBICYIINBAIOT.
[IpennoururensHas Temneparypa — +83°C. Coxepxa-
HHUE BJIard B TOTOBOM MpPOAYKTe coctamisier 5—18%.
ﬂaHHLIﬁ MPOAYKT ABJIACTCCA OTIMYHBIM UCTOUYHUKOM
pBIOHOTO Oenka [25].

Jlpyro#i BuI pIOHBIX YHIICHI, OIIMCAHHBIN B CTAThe
B.T". Ilonosa, I'.JI. Kanounukoso#, JI.H. Bypakosoii,
B.1O. Heseposa, B.B Tpury6, 1.B. Mo3xepunoii u
C.A. benuHoii, mosy4yaroT IOCPEACTBOM IepeMalIbIBa-
HUs (rte MHHTas co cnenmanbHOW cMmechio. Cmech
BKJIIOYAeT B ce0s CyOIMMHUPOBAaHHbIE TUTOIBI OOSPHIII-
HUKa, CyOIMMHPOBAaHHYIO MOPKOBB, KPHOIIOPOIIIOK JIa-
MHUHApHH, KOHIIEHTPAT PAliCOBOTO JEIUTHHA U SHTAp-
Hyto kucnoty. [lomydeHHyto Maccy (GopMyrOT Ha Ipo-
TUBHU, 0OpabaTriBaioT mapom mpu t = 120-130°C B
teyenue 10-15 c, 3aTtem oxnaxnaior g0 t =25-27 °Cu
BhIIep)KuBatoT mpu 5—8°C 6—10 yacoB A CTPYKTYpH-
POBaHHMs BceX KOMIIOHEHTOB. OXJIaXKICHHYIO Maccy 3a-
MopaxuBaroT mpu t = -18 °C B TedueHue 2 — 3 MuH,
Hape3aroT Ha IUIACTUHBI TOJIIUHON He Gonee 1,5 mm.
3areM IUIaCThl YUIICOB CYIIATCSI B ITAPOKOHBEKTOMATE
[26].

WNurtepecHas Bepcus MSCHBIX YMIICOB IIpejyiara-
ercs B matente Baxuma [laxpama. OHn menarorcs u3
¢apma myteM GOPMHPOBAHUS TLIACTOB. 3aTEM IUIACTHI
cymiatcs MpH UCTIONb30BaHIK MoIlnHocTH B 1500 BT B
teuenuu 90—105 cexyun[27]. Apyroii, Oosee uHTEpEC-
HBIN croco0 ynIicoB u3 apiia oTpaxeH B cratbe H.D.
KayX'—IeHIBI/IJ'lI/I. ﬂaHHBIe YHUIICHI ITPOU3BOIAT U3 MsiCa C
J00aBJICHUEM PacTUTEIBHOIO ChIpbs. [Ipexne Bcero,
CBIpbE U YHUIICOB (MSCO, PAaCTHTENBHBIE KOMIIO-
HEeHTBI) 00pabaTHIBAIOT CHENUATBHBIM HATYpPalbHBIM
KoHcepBaHTOM. [lociie 3Toro Msico ¢ BHIOpaHHBIM KOM-
TIOHEHTOM HM3MEJIBYAIOT U CMEIINBaoT. B craThe pac-
CMOTpEHbI pa3Hble KOH(UTypaluu cocTaBa YHIICOB.
N3menpueHHy0 CMECh M3 MsiCa M PAaCTUTENBHOTO ChI-
pbst GOPMYIOT M OTHPABISIIOT B BaKyyMHYIO KaMepy.
TaM mpomcxoanT mpolece BaKyyMHOTO 00€3BOKHBa-
Hus (Bakyym 3—10 mm prytHOro croinba). Cymarcs
YHIICHI JI0 TIOKa3aTes Biaxuoct B 5-10% [28].

41 NOCHIEAHAA KaTCroprusa YUIICOB — YUIICBI HA OC-
HoBe coyca. K 3Toll kareropuu kak pa3 U OTHOCATCS
4HIICHl pa3pabaTbiBaeMble MHOM. OCHOBOM /Il YUTICOB
SIBIISIETCSI KPAcHBIA coyc ocHoBHOW. Ho mpu ero npuro-
TOBJICHUH MCIOJIB3YETCSI MEHbIIIEEe KOJIMUECTBO PACTH-
TEJIFHOTO JKHPa, YTOOBI YMEHBIIHUTh KUPHOCTh UTOTO-
BOro npoaykra. ITocne Toro xak coyc rotoB, B HETO J10-
0aBILTIOT OENOK, CHHTE3UPOBAHHBIA U3 JKMBIXa parica.
3areM (OpMUPYIOTCS MOPIMK COyca IO 5 TpaMM | OT-
MPaBIIAIOTCS B MapakoHBEKTOMAaT. B wnTore momydva-
IOTCS YUWIICHI, obOorameHHble OenkoM. KoTopbie He
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TOJIBKO OyAyT MOJIE3HBI VISl JTFOJEH C MOBBILIEHHOH hu-
3HMYECKOW HAarpy3KOH, HO €IIle U SBISIOTCS O€3BpETHBIM
aHaJIOrOM KJIACCHYECKUX KapTO(hebHbIX YUIICOB.

3akiriouenne

Yuricel SBIAIOTCS OY€Hb YJOOHBIM IMPOTYKTOM.
OHM KOMITaKTHBIE U MOTY IPUMEHSTHCS JUIsl JETKOTro
nepexyca Ha paboTe, JUIsl BOCCTAaHOBJICHHSI CHJI TIOCIIE
3aHSTHSI CHOPTOM, BO BpeMsI II0X0/1a I TIPOCTO MPO-
rynkd. Ho ects mpobiema B TOM, YTO KIIacCHYECKHE
KapTo(heTbHBIC YUTICH ABIIAIOTCS BpenHon mumei. [1o-
3TOMY HOSBISETCS HEOOXOIMMOCTD CO3/IaHHS YHIICOB,
KOTOpBIE OBl OBUIM MPUTOMHBI [UIS €XKEIHEBHOTO IIO-
TpeOneHuss u ObUTH OBI MOJIE3HBIMHU JUTS 3A0POBBS. B
JIAHHOM CTaThe MPEeCTaBIeH 0030p CYIIECTBYIONINX Ha
CETOJHSAIIHUNA MOMEHT HapabOTOK 0 TeMeE.

bbuM cucTeMaTU3UpOBaHbl U IPOaHAIN3UPOBAHbI
TIOCJIEIHUE JOCTHKEHHSI B 00JIACTH CO3/IaHMs alibTep-
HaTUBHBIX BHJOB YMIICOB. Bce ambTepHAaTHBEI YuIicam
MOXXHO pa3/IeuTh Ha YCIOBHBIE JIBE KATETOPHHU: YHIICH
W3 IETbHBIX JIOMTHKOB W YHIICHI TTOJy9YEHHbBIE U3 CIIe-
OUaTbHOW cMecH MHTpeaneHToB. Bee BUIBI anbTepHa-
THB YHIICOB COOpaHHBIC B ATOM CTaTbe UMEIOT Yiyd-
LICHHBIE NTUAIIEBIE CBOKCTBA. K 5THM cBOMCTBaM OTHO-
CHTCS TMO0 TPOCTO NMOHMKEHHAS JKUPHOCTB MPOAYKTA,
0o oH Oorat HyTpueHTaMH (BuTamMuHBI, MUHEpAITEL,
0eJIoK, MUIIEBbIE BOJIOKHA), HEOOXOUMBIMHU JIJISI TIOJI-
HOHCHHOﬁ KUBHUACATCIBHOCTH OpraHmui3ma.
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AHau3 COBPEMEHHOTO COCTOSIHUS Pa3pabOTKH HE(TSIHBIX M ra30BbIX MECTOPOKACHHUI MOKA3bIBACT, YTO B

3HAUUTENbHOU noje (oHIa JOOBIBAIONMIMX CKBaXKHH PacIpOCTpaHeHa MpoliieMa - MOIJIOLIeHUs OypoBOro pac-
TBOpa. be3neiictByronmmii Gpony ckBaxkuH coctapisier 6oiee 35 %, a Mo HEKOTOPHIM MECTOPOIKICHHSIM — MOPSIIKa
40-50 %. Ilormomenue MpoUCXOaUT, KOTAa THAPOCTATHUECKOE JIaBJICHHE CTOJI0a OypoBOro pacTBopa Oosblie
TUIACTOBOTO.

[Toromenus sIBISAIOTCS CEPHE3HBIM OCTI0XKHEHUEM ITPH OYPEHUH CKBAXKWH, TaK KaK HapyIIaeTcs IUPKYJIISINS
OypOBOTO pacTBOpa, yXyIIIaeTcs: IPOMBIBKA CKBaYKUHBI, YBEIIMYMBACTCS PACXOJ BPEMEHHU, MaTePHUAJIOB U pearcH-
TOB Ha IIPUTOTOBJICHHE HOBBIX 0OBEMOB pacTBOpa.

s BeIOOpa crioco6a 00pEOFI ¢ OTIIOMEHUSAMA HEOOXOJIMO HMETh OCHOBHBIC TaHHBIE, XapaKTePU3YIOIIHE
HOTJIOMIAIOIMK IACT: WHTEHCHBHOCTD IOTJIOIICHUS, INIyOHHY PAcIONOKEHUS M MOLIHOCTH IIACTa, IPHEMH-
CTOCTb, TPOHULIAEMOCTb, IOPUCTOCTD, PACKPBITOCTh KAHAJIOB MJIM TPELIH, HAIIpaBJICHHEe 1 HHTEHCUBHOCTb IIepe-
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TOKOB I10 CTBOJIy CKBaXXHHBI. Pacmosaras 3Toi reosoro-TeXHin4eckoi nHpopMaueii, MOKHO BEIOPATh THIT HAIIOJI-
HUTEJs, PPAKIMOHHBIN COCTaB, ONTUMAJIbHYIO KOHIIEHTPALIUIO B PACTBOPE MM MOA00PATh MX KOMOWHALIUIO JIJIsI
MIPUTOTOBJICHHS OYPOBOTO pacTBOpa.

B Hacrosiiee BpeMsi cyniecTByeT 00JIbIIoe KOJMYECTBO MaTepHaioB st O0pbObI ¢ noriomieHreM. Bosok-
HUCTBIC MaT€pHrajibl: BOJIOKHO APEBCCUHBI, IICPCTh )KUBOTHBIX, CTCKJIOBOJIOKHO, COJIOMA, aCGeCT, IJ1aCTUHYAaThIC
nin qemyﬁqan,le MarepuaJbl: ClIroaa, IICJ'IJ'IO(I)aH, pucoBad 1Ieiayxa, pa3JmiIHbIC nepepa60TaHHLIe IIacTMaccChl;
T'paHyJIUPOBAHHBIC MATCPUAJIbL: U3MEJIbYCHHAs CKOPJIyIla OpeXa, MOJIOTBIC IJIaCTMACChI, CEMCHA, aC(baJ'ILT, HU3BECT-
HAK; CMECh BBLIINICHA3BAHHBIX MAaTCPHUAJIOB. HNmerotcsa Pa3JIMIHBIC KOMMEPUCCKUE CMECH TTO/] PA3JIMIHBIMU TOPTO-
BbIMH Ha3BaHUAMMU.

O,I[HaKO, MNPUMCHSACMbBIC COBPECMCHHBIC ITOJIMMEPHBIC ,I[O6aBI(I/I, B OCHOBHOM, SABJIAIOTCS 3KOJIOTHUYCCKHU HeOe3-
OIIaCHBIMH, 06naz[a}0T H36HpaTCJILHOI>‘I q)YHKHHOHaJ'ILHOCTBIO, a TAK)KC MOT'YT IPUBOAUTH K ITCOXUMHUYCCKUM IIPC-
00pa30BaHUAM T'€OJIOTHIECKOM CpPeIbL.

B IOxnH0-Kazaxcranckoit oomactu Pecybmmku KasaxcTan cpeam cenmbCKOXO3sMCTBEHHBIX KYJIBTYp JIHIU-
PYET XJIOMYaTHHUK. B c¢BsI3u ¢ 3THM BecbMa MEPCICKTUBHBIMU, HA HAII B3TJIAI, ABJIAIOTCA OTXOAblI BO3ACIIBIBAHUA
XJIOTIKa. bosbiioe koau4yecTBo ry3a-man oCTacTCd Ha XJIOIMKOBBLIX IUIAHTAMAX IMOCIIC c6opa xJionka B HOxHOM
Kazaxcrane.

Abstract

Analysis of the current state of development of oil and gas fields shows that a significant proportion of the
stock of producing wells has a common problem - absorption of drilling mud. Inactive well stock is more than
35%, and in some fields - about 40-50%. Absorption occurs when the hydrostatic pressure of the mud column is
greater than the formation.

Absorption is a serious complication in the drilling of wells, since the circulation of the drilling fluid is dis-
turbed, the washing of the well is worsening, and the consumption of time, materials and reagents for the prepara-
tion of new volumes of the fluid increases.

To select a method of dealing with absorption, it is necessary to have basic data characterizing the absorbing
formation: absorption intensity, depth and location of the formation, injectivity, permeability, porosity, opening of
channels or cracks, direction and intensity of flows through the wellbore. With this geological and technical infor-
mation, you can choose the type of filler, the fractional composition, the optimal concentration in the solution or
select a combination for the preparation of drilling mud.

Currently, there are a large number of materials to combat absorption. Fibrous materials: wood fiber, animal
hair, fiberglass, straw, asbestos, lamellar or scaly materials: mica, cellophane, rice husk, various recycled plastics;
granulated materials: ground walnut shells, ground plastics, seeds, asphalt, limestone; a mixture of the above ma-
terials. There are various commercial mixtures under various trade names.

However, modern polymeric additives used are mostly environmentally unsafe, have selective functionality,
and can also lead to geochemical transformations of the geological environment.

In the South Kazakhstan region of the Republic of Kazakhstan, cotton is the leader among agricultural crops.
In this regard, cotton cultivation waste is very promising, in our opinion. A large number of guza shares remains
on cotton plantations after cotton has been harvested in southern Kazakhstan.

KiarwueBble cjioBa: OypeHre CKBaXHH, OCIIOKHEHHSI, BOJIOIPUTOKH, MPOYKTUBHBIN TUIACT, H30JIAIHS, 0JI0-
KUPOBAHUE TJ1aCTa, Ira30)KUJAKOCTHBIC CMECH, IICHBI, BA3KOYIIPYTUC COCTABbI, MOHMKCHHBIC IJIaCTOBBIC NaBJICHUS,
3aKaH4YMBAaHUC CKBAXXUH, na60paTopHLIe HUCCJICaA0OBaHUA, (bPIJILTpaHI/IH, peojiorus, miIOTHOCTD.

Keywords: well drilling, challenges, water inflow, production formation, isolation, formation blockage, gas-
liquid mixtures, foams, viscoelastic mixtures, abnormally low reservoir pressures, well completion, laboratory
study, penetration, rheology, density.

B Hacrosmee Bpems B He()TSHOH 1 ra30BOM HHAY-
ctpun B Pecmybnmke Kazaxcran ocTpo cTOWT mpo-
61rema GOPHOBI C OCTIOKHEHUSIMH, BOSHUKAOITUMHE TIPH
OypeHun He(TSHBIX CKBaXXHH. bypeHue He(TSIHBIX W
ra30BbIX CKBaXHMH B CJIOXKHBIX T'OPHO-T'C€OJIOTHUYCCKUX
YCIOBUAX CBA3aHbI C HAJIMYUEM IIOP, KaHAJIOB, TPCIINH,
KapCTOBBIX ITyCTOT B pa30ypHBaeMbIX TOPHU30HTAX, HE-
JIOCTaTOYHOH YCTOWYHMBOCTBIO K PaO0YMM JIaBIICHHSIM B
CKB)XMHE, YTO IIPUBOAUT K THIPOPa3pPhIBY TOPHBIX I10-
PO M TIOTJIONICHUSM ITPOMBIBOYHON >KUIKOCTH. Jli1s
Pa3paboTKM TaKMX MECTOPOXKIECHHUI TPeOYyIOTCS TTOBbI-
IICHHBIE 3aTpaThl MAaTEpPHAIBHBIX U (DPUHAHCOBBIX
CPEACTB, HETPAJUIIMOHHbIE TEXHOJIOTHH, CTICIIHAITBEHOE
HEPTETPOMBICIIOBOE 000pYyIOBaHUE, Ae(DUITUTHEIE pe-
areHThbl ¥ MaTepPHaIbI.

OnHol M3 caMBIX PacIpOCTPaHEHHBIX MPOOIEM
npu OypeHHH CKBa)XKWH ABISETCA TOTJIOLICHHE Oypo-
BOro pacrtopa. [loriomenue mnpencraBisier coOOM

JBIDKCHHE OypOBOTO pacTBOpa B IUIACT, IPH 3TOM
00BEM IUPKYIMPYIOIIET0 pacTBOpa B IpoIecce Mpo-
MBIBKH YMEHBIIAETCS, YTO CTAHOBHUTCS 3aMETHBIM II0
CHIDKEHHIO YPOBHS B IPUEMHBIX €MKOCTSX ITUPKYIIS-
LMOHHOM cuctemsbl. [lornomienne npoucxoauT, Koraa
THJPOCTaTHYECKOE JaBlieHHe CToy0a OypoBOro pac-
TBOpa OOJIbIIIE MIACTOBOTO.

B cBsi31 ¢ 93TMM HEOOX0AUMBI AP PEKTUBHBIE U Ma-
JI03aTpaTHBIE METO/IbI JIMKBUAAIMHN MOTJIOMIEHHH Oypo-
BBIX pacTBOpoB. Tak kak B FOxxHo-KazaxcraHckoit 00-
nacti Pecybnmkn KaszaxcraH cpenu celbCKOXO03sTi-
CTBEHHBIX KYJBTYp JHMIMPYET XJOMYaTHUK, BEChbMa
MIEPCIIEKTUBHBIMH, Ha HAIll B3MJISA, SBISIOTCS OTXOZIbI
Bo3IenbIBaHUA xyonka. OCHOBHYIO MX Maccy oOpa-
3YIOT CT€0JIM, KOPHEBUIA PACTCHUHN ATON TEXHIYECKON
KynbTypsl (Ty3a-mam). B Jmreparype OTCYTCTBYIOT
JAaHHBIE MO MWCIOJIb30BAHUIO Ty3a-llal B KadecTBE
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HAalOJHUTENA-KOIbMAaTaHTa K OYpOBBIM pacTBOpaM,
TaKXe He 0TpaboTaHa TEXHOJIOTHS €r0 HOIyUSHHUS.

Jliis BeIOOpa crioco0a GOpBOBI ¢ MOTJIOIMICHUSIMH
HEO0XOMMO UMETh OCHOBHBIC JaHHBIC, XapaKTePH3y-
IOIIYE TTOTJIOIIAOIIMN TUIACT: UHTEHCUBHOCTD IOIJIO-
LIEHUs, TTyONHY PACIIOIOKEHHUSI M MOIIHOCTD I1J1acTa,
MIPUEMHCTOCTB, IPOHUIIAEMOCTb, HOPUCTOCTh, PACKPHI-
TOCTh KaHAJOB WIM TPEUIWH, HalpaBjeHHEe M WHTECH-
CHBHOCTH II€PETOKOB TI0 CTBOJYy CKB)XHHBI. Pacromna-
rast ATOH Te0JIor0-TeXHUIECKOH HH(OpMAaIieid, MOKHO
BBIOpATh THI HAMIOJTHUTENS, PPAKIIMOHHBIH COCTaB, OII-
TUMAaJbHYI0 KOHLIEHTPAI[MIO B PACTBOPE MM IOJO-
OpaTh MX KOMOWHALINIO [UIS IPUTOTOBIICHISI OypOBOTO
pacTBopa.

IIepBonpuunnoii ocnoxHenus ciyxut I'PII npo-
HHUIIAEMOT0 IACTa U HHTEHCU(DHUKALIUS TPEIIUHOOOpa-
30BaHMsI 3a CUET JApeHa)a nopoj. JelcTBUTeNbHO, X0-
POIIIO N3BECTHO, YTO CBOEBPEMEHHBIE MEPONPHUSTHUS 110
«TaMITOHaXXy» TPOHHULIAEMO 30HBI (HapUMep, BsI3Kast
TJIMHACTAs TayKa C HANOJHMTEISIMU) Yalle BCETo pe-
[IaI0T IPOOJIeMy, M YeM JUTUTEIbHEH Mepro] «IpUHS-
THUSI PEIICHUS», TEM CIIOXKHEE JIMKBHIUPOBATH ITOTJIO-
mieHue. JpeHax 30HbI, KaK MPaBUIIO, Pa3BUBAETCS IKC-
MOHeHInanbHO. He MeHee BaXHBIM  SIBISETCA
HCTIONIb30BaHUE KOMIIIEKCHOTO MOAXOZa K MPOIECCy,
T.c. Hy)KHa HE TOJIbKO MEXaHW4YecKas KOJIbMaTallus
(dTo HCIONIB3yeTCs Yallle BCEro), HO TaKKe UCIONIb30-
BaHHE (U3MKO-XHMMHYECKUX IPOIECCOB, IO3BOJISIO-
IMIAX PacTBOPY CTPYKTYPUPOBATHCSI MMEHHO B YCIIO-
BUSIX MaJIbIX T€OMETPHYECKUX Pa3MEpOB TPEIIMH, 3a
cYeT copOIMH, UHTCHCU(PHUIUPYIONIEH CTPYKTYpPOOO-
pa3oBaHHE B CHCTEME NPOHMKIIETO B TPEHIMHY pac-
TBOpa. CBoiicTBa Oyporo pacTBopa npu 3TOM OCTAIOTCS

HEU3MEHHBIMH KaK BO BPEeMs LIUPKYJISIIINH, TaK €€ OCTa-
HOBKH, B ToM uucie u Bo Bpems CI1O. Coznanue KoM-
MO3UIIMKA MATEPHAJIOB, O0CCIICUMBAIOIINX TAKOE «Ca-
MO3AaJICHUBAHUC TpeH_lI/IH, " €CTh HpeZ[MCT HalIux uc-
CIIeIOBaHUH.

JIJIs OLIeHKH 3aKyIOPUBAIOIIEH CITOCOOHOCTH, KaK
camMoro OypoBOTO pacTBOpPa, TaK U BBEICHHBIX B HErO
HaIOJIHUTENIEN, MBI BOCTIOJIb30BAIMCh CTEHJOBOM yCTa-
HOBKOW W METOIHMKOW JTaOOpaTOPHBIX HMCCIECIOBAHHUN
FO.H. Moiicel. Meton mo3BOISIET MOJECITUPOBATH OC-
HOBHEIC TTapaMeTpPhl MOTJIOMIAIONINX TUIACTOB: MPOHH-
L[a€MOCTh, TOPHCTOCTD, TPEIIUHOBATOCTb.

B kagecTBe MaTepranoB U KOJBMATAHTOB IIPEI-
JlaraeTcs MCIOJIb30BaTh ry3a-Tiau, CKOPIYIy TPEIIKOTO
opexa, ckopiymy ¢uctamku. K oCHOBHBIM IpeuMyIie-
CTBaM JaHHBIX peaFeHTOB MOKXHO OTHCCTH.

- MPOCTOTA MepepadOTKH;

- HU3Kas ce0eCTOMMOCTE;

-IOCTYTHOCTb.

J11s1 000CHOBaHMS TEXHUIECKUX TPEOOBAHMI K KOJTh-
MaTaHTaM U CPaBHUTEIBGHOH OIEHKH X Y(PPEKTUBHOCTH
OBLTH IPOBEICHBI KOMIUICKCHBIC MCCIICIOBAHMS PA3ITY-
HBIX COCTaBOB KOMITOHEHTOB M MIX (PH3HKO-XUMHUYECKUX
CBOMCTB.

HccnenoBannst  3aKyNOpWBAIOIIEH — CIIOCOOHOCTH
KOJIbMAaTaHTa MOI'yT 6I)ITI) HpOBeI[eHBI Ha yCTaHOBKe
(bHIBTpALUK, MOJCIHPYIOIIEM IUIACT.

CyTh 5KCIEpUMEHTa 3aKITIOYaeTCs B CIEMYIOIIEM.
ITpu nepenanax nasnenus 0,1 u 0,7 MIla onpenensiach
MIPOHUIIAEMOCTH NIECUAHOM MOJIENH I1JIacTa IO BOJE. 3aTeM
MIPOKAYMBAIOTCS TIIMHUCTHIE PACTBOPHI C KOJIbMAaTaHTaMHU.
[ocne aToro cHoBa onpenesnsieTcs MPOHUIIAEMOCTh MECKa
I10 BOZE MPH JIBYX 3HAUCHUSIX PEIIPECCUMU.

Puc. 1. Yemanoska no onpedenenuto npoHuyaeMocmu Kepud.
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Hamu npennaraercs MeTon npenynpexaeHus mo-
ITIOIIEHUH IyTeM MoAn(HKAIUK OypOBBIX PacTBOPOB
CIICHUAJIBHBIMHU  KOMIIO3HMIIUAMHU, HC Tpe6yIOHJ,l/IMl/I
NPUOCTAHOBKH TIpoliecca YIIyOJEeHUs, OTKIFOYEHUS
OUYUCTHBIX YCTPOMCTB, MUHUMH3ALUU PEIPECCUU HA
MPOHUIIAEMBIE TUIACTBI.

Crneunanbuple 100aBKM K PacTBOpYy MOTYT HO-
CTaBJISITHCS KaK B JKHJIKOM BHJIE, TaK U B BUZIE BOjIopac-
TBOPHMBIX ITOPOIIKOB. /I03MpOBKa COCTABISIET OT 2 10
5 %, Ipu 3TOM PEOJOTHYECKHE CBOHCTBA pacTBOpa Cy-
IeCTBEHHO He n3MeHstoTcs. [Ipu makcumansHoM (5 %-
HOM) mo6aBKe KOMIO3UTa (Kak B TIUHHUCTBIH, TaKk U
OMONOJMMEPHBIA PAacTBOp) IUIACTHYECKAs] BS3KOCTh
U JTUHaAMHUYECKOE COIPOTUBJIICHUC CABUTY YBEJINYHBaA-
10Tcs He Oosee yeM B 1,5 pasza, GpuibTpalioHHbIE I10-
Ka3zarenu cHwxawortesd B 1,5 — 2,0 paza. CymiecTBeHHO
BO3pacTaloT MHIHOMPYIOIINE XapaKTepUCTHUKH Oypo-
BOT'O pacTBOpa.

Ha OypoBbIX ycTaHOBKax IIOTHOCTH OypOBOTO
pacTBOpa U3MEPSIOT apEOMETPOM HIIH PHIYaKHBIMH Be-
caMi, TUKHOMETPOM.

B 3aBucuMocTH OT XapakTepa MPOBOANMBIX MPHU
OypeHuu oreparuii TpeOOBaHUSA K IDIOTHOCTH Oypo-
BOTO pPacTBOpa MOTYT OBITH pa3sHBIMU. s obecriede-
HUS ONTHMAaJIbHOW paboThI JOJOTa IJIOTHOCTH Oypo-
BOI'0 IIPOMBIBOYHOI'O pacTBOpa AOJIKHA 6BITI) MUWHH-
MmanpHOM.  OJQHAKO  COBpeMEHHasi  TeXHOJOTHUS
MPOXOJKH CKBaXHH TAaKOBa, YTO IIOTHOCTH OYpPOBOTO
pacTBopa BEIOMPAIOT U3 YCIIOBUSI HEAOMYILEHNs HedTe-
ra3o0nposIBICHUH, OCHIIEH M O00BaJOB IPOXOIUMBIX
TOpHBIX TopoA. J[ms BeIOOpa BETMYHMHBI IUIOTHOCTH
OTIPEJICTISIIONINM  SIBJISIETCSl TUIACTOBOE (BHYTPHKOPO-
BOE) JaBiieHHe (ironja: AaBJIeHHE CO CTOPOHBI CKBa-
JKUHBI JTOJDKHO OBITH JOCTATOYHBIM, YTOOBI HE JIOITY-
CTUTh HEYIPABJIIEMOTO INPHUTOKA B HEE IIACTOBOTO
(hrona.

Tak Ha3piBacMyI0 yCIIOBHYIO Bs3kocTh (T) Oypo-
BOT'O pacTBOpa U3MEPSIIOT C MOMOIIBIO MOJIEBOTO BHC-
ko3umetpa BII-5.

VYcnoBHoit Ba3kocThio 1o BII-5 Ha3eiBatoT Bpemst
ucTeueHus u3 Bopouku 500 cm® 6ypoBoro pactsopa u3
700 cm® 3anMTHIX B Hee, Yepe3 TPYOKY AHAMETPOM 5
MM.

BSI3KOCTh AMCHEPCHBIX CUCTEM, K KOTOPBIM OTHO-
CATCS CYCIICH3MN TBEPABIX YACTHIl U SMYJIbCHH, 3aBH-
CHT OT KOHIIEHTpanuu, Gpopmsl, pazmepa U MIOTHOCTH
B3BEIICHHBIX YaCTHII, BI3KOCTH 00EMX CpeJl, CTEIEH!
CTaOMIM3aLNK 1 KOATYJISIHH, a TAKXKE OT TEPMOANHA-
MHYECKOI'O COCTOSIHUA CUCTEMBI.

OpHako OypoOBbIC MPOMBIBOYHBIC U TAMIOHAKHBIC
PacTBOPBI MPEJCTABIISIOT COOOW MONUANCIIEPCHBIE CH-
CTEMBI C aCCUMETPHYHBIMU YaCTUIIAMH Pa3HbIX pa3Mme-
POB, ITPUYEM [IPH HAJMYHUU B PACTBOPAX DIEKTPOIUTOB
U CTAOMIM3UPYIONINX BEUIECTB ONPEACICHHOE BIIHS-
HHE Ha BS3KOCTh OKA3bIBAIOT W DJIEKTPUUYECKUE CHIIBI.
[onapnsromiee GONBIIMHCTBO 3THX PACTBOPOB BEIET
ce0s1 Kak HeHbIOTOHOBCKHE XKUAKOCTH,- BSI3KOCTH 3aBH-
CHUT OT HalpsDKEHMS CIIBUTa, & MHOTJA U OT BPEMEHH.
OTKIIOHEHHE OT HRPIOTOHOBCKOTO TIOBEICHUS OOBSICHS-
eTcs CIEeLyIoMUMH (PaKTOPaMHU:

- OPHEHTHPOBAHUEM ACCHMETPUYHBIX YACTHII, YTO
HNPUBOJUT K YMEHBIICHHIO COMPOTHBIICHUS MPU IBH-
KECHUM;

- nehopMHpPOBAHMEM COJILBATHBIX O0OJIOUEK Ya-
CTHL, 3MYJIbIMPOBAHHBIX Kalejb, KIIyOKOB MakpOMO-
JICKYJI U JaXKC UX Pa3sBEPTHIBAHUEM U BLITATMBAHUCM;,

- HU3MCHCHHUCM BSaHMOﬂeﬁCTBMﬂ MEXKAY 4YacCTu-
maMu BCJICACTBUE IMOCTCIEHHOI'0 YBCIWYCHUA WU
yMeHbIIeHHs (TPH W3MEHEHHH HAaIIpsSHKSHUs CIIBHTa)
YHCcla CHEIUICHHH MEeXIy 4YacTHIamu, oOpa3oBaHUs
WJIN pa3pyLIEHHs arperaToB YacTHII, IPUCOETUHEHHS K
YaCTHLAM WA OTAEIEHHS OT HUX YacTH JUCIIEPCHOMN
Cpenbl.

Bs3kocTh BiMSiET Ha CKOPOCTH OypeHHsI OIHO-
3HagHo. [Ipm OypeHnm 0Oe3 BHUAWMBIX OCIOKHEHHH
CTPEMATCS] MPEAEIBHO CHIDKATh BA3KOCTh PacTBOPA.
DTO0 CBsI3aHO C TeM, YTO HanboJee 1eIecoo0pa3Ho mo-
JIydyaTb Ha J0JIOTC MAaKCHUMAJIbHYIO T'MAPABINYCCKYIO
MOIIHOCTh IIPU BBICOKOW CKOPOCTH HWCTEUEHHsl pac-
TBOpa U3 HacaJloK 1010Ta. ONbIT TOKa3bIBAET, YTO MPH
MIPaBUJIHO BEIOPAaHHOM PEXHMME POMBIBKY CKBAXKUHBI
pOJb BSI3KOCTH B TIpoOLlECCE TPAHCIIOPTHPOBAHMS
IIJIaMa OT 32005 K YCThIO CKBAXKHUHBI IIO{IMHEHHASL.

KadecTBeHHast 3aBUCIMOCTh MEXaHHYECKOH CKO-
POCTH ITPOXOJKH CKBXXHHBI OT OCHOBHBIX ITOKa3aTeNeH
OYpOBBIX PacTBOPOB, MONyYeHHAs ITyTeM 0000IIeHNUs
pEe3yNbTaToOB IMPAKTHUECKUX HAONIOJCHUHN NMpUBElICHA
Ha puc.6. Hanboxee cymiecTBeHHO Ha TeMn yriyOie-
HUSI BIMSIOT IUIOTHOCTh OYpOBOTO PacTBOpa M COAEp-
»KaHue B HeM TBepaoH (asbl. MexaHnyeckas CKOpOCTh
MPOXOAKH PE3KO CHMKAETCS IIPU YBEJINICHUH IIJIOTHO-
ctu pacteopa ot 1,0 1o 1,5 r/em® , koraa poss BHIOY-
PEHHOH TOpOJBl Kak YTSDKEISIOmed a00aBKH ere
BECbMa CYIIECTBEHHA [0 CPABHEHHUIO C TAaKUM yTSKe-
nuresieM Kak Oapur. KoHnenTtpamnms TBeproi ¢assl B
9TOM AHualia30He INIOTHOCTeH qocturaet 15-25 %, u xo-
3¢ GUIMEHT MONIE3HOTO NEHCTBUS OJIOTa CHIKACTCS
BCJICACTBHE 3aTpaT pabOThl HAa HMCTHPAHUE TBEPHABIX
KOMITOHEHTOB OypOBOTO pacTBOpa.

Coneprxanue necka (I1) ykaspiBaeT Ha 3arps3HEH-
HOCTb HEYTSDKEJIIEHHOTO OYpPOBOI'0 pacTBOpa IMEeCKOM U
KpyIHBIMU 4acTuLaMu nopoast. M3mepstor II B mpo-
IIEHTAX, OMPENICISIIOT B OTCTONHHIKe OM-2.

Conepxanue raza (I') ompenenstor it TOTrO
4TOOBI KOHTPOJIMPOBATH MMOCTYIUICHHE ra3a B pacTBOP
n3 miactoB. IlpucyrcTBre B OypoBoM pacTBOpe Tasa
YBEIMYUBACT €TO BA3KOCTh, YTO YXy.IIaeT paboTy Oy-
POBBIX HACOCOB.

OOBIYHO cofep)kaHue Ta3a B OYpOBOM pacTBOpE
OTIPEIEISIFOT METOIOM pa30aBIICHHUS.

st onpenenenuss IOTHOCTH, YCIOBHOM BSA3KO-
CTH, COICPIKaHU TIeCKa U ra3a HaM MOHaI00MII0Ch ciie-
nyroree obopynosanue: apeomerp AIl-3I1I1, ppraax-
uble Bechl BITP-1( mpunumn padotst BPII-1 ocHoBan
Ha ypaBHOBEUIMBaHHY MOMEHTOB JIEBOI U ITPaBOii CTO-
POH ITOJBIKHOM 4aCTH BECOB OTHOCHTEIJILHO OTIOPHI HA
npusmax), Buckosumerp BII-5 u BBP-1, merammue-
ckuii oTcTOHHHUK OM-2 W CTEKJISHHBIA OTCTOWHHUK
(xomba JIbIceHKO).

J1s moATOTOBKH P00 OYPOBOTO pacTBOpPa MBI HC-
MONIB30BANI  Memanky (Hanpumep ~Boponex-1)
MpeTHa3sHAYSHHYIO IS TTepeMeInnBaHus mpod Oypo-
BOT'0 PacTBOpa.
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Jns  u3MepeHus CTaTHYEeCKOrO  HaNpsDKEHUS
ciBura, 3p(PEeKTHBHOM U MIACTHYECKOM BI3KOCTH U JIH-
HAMUYECKOTO HAmNpsDKEHUS! C/IBUTa HCIIOJIB3YIOTCS
npubop CHC-2, poraunonHslit Buckosumerp BCH-3.

B kauectBe OypoBOTro pacTBOpa HMCIOJIb30BAIHCH
CJIEIYIOIie KOMITOHEHTBI: MOAN(HUKATOPBI(TOCCHIIO-
JOBask  CMojla, NOJHMAKpWIaMHJ, aJIOMHUHHEBbIC
OIWJIKH ), TJIMHA, BOJA.

Ty3a-nau. JIaHHBI HANOJHUTENb MUMEET yellryiya-
TYI0, BOJIOKHUCTYIO, TPAHYJIMPOBAaHHYIO MITH CMETIIAHHYTO
CTpYKTyphl. Pasmepsr yactuir coctapisitor 0,12 — 2 MM u
JIOCTHTAIOT 2,5 MM, TaKKe IpelCTaBIIeHbl KPYIHbBIE Ya-
CTULIBI pa3HooOpasHoi (hopmel (5 — 10 Mm).

Ilocne  ompenenenust  (HU3MKO-XMMUYECKUX
CBOICTB, MBI IIPOBEJIM aHAJIHU3 JAHHBIX KOMIIOHEHTOB.
B pesynbrare 3KCIIEpUMEHTOB BBIXOMAT CIEIYIOIINE
3aBUCHMOCTH.

I'pagux 3asucumocmu D konemamanma om ésazxocmu y
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Ilo pesynpraraM HamMX H3EeMEPEHHH, MBI HOJYYHIH CIEIYIOIINe HapaMeTpbl OypOBOIO pacTBOpa ¢

KOJIbMAaTHTOM TI'y3a-I1au.
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Tabmuma 1
[TapameTpsl OypoBOro pacTBopa ¢ KOJIbMaTaHTOM I'y3a-nau
IMapametp 3HaueHHe
II10THOCTD, KI/M 3 1020
pH 8,3
PV, cll 12
CHC (10 cek), 1a 6,7
CHC (10 mun), I1a 9,6
Kopka, Mm <0,5

B kadecTBe KonbMaTaHTa HCIOJIB30BAJICA Ty3a-
nau 0,5 MM, Tak Kak OH OKa3aJcsi HauboJiee ONTUMAaTb-
HBIM IO Pe3yJIbTaTaM HUCCIICAOBAHUS (HUIUKO-XHUMUIEC-

CKMX CBOMCTB. @PaKIMOHHBIN COCTAB I'y3a-I1au IIpUBe-
JieH B Tabnurie 2. KoHIleHTpalys 4acTHI] KoJlbMaTaHTa
B OypoBOM pacTBOpe OblIa BEIOpaHa B YETHIPEX BapUa-
musx: 0,12 mm, 0,25 MM, 0,5 MM, 1mm.

Tabmuma 2
DpaxIMOHHBIN COCTaB KOJIbMATaHTa I'y3a-Tan
Pacnpenenenue 4acTuil KOJIbMaTaHTa
KomnbMataHT ¢ pa3HbIM .
OMOTOM C pa3IMYHON BEPOSITHOCTHIO, MKM
D 0,12 D 0,25 D 0,5 D1
Nel 21 56 120 222
No2 3 24 56 91
No3 0,3 14 51 13,3
No4 0,08 0,1 1,2 2,7

Takum o00pa3oM, NONy4YHBIIMECS HCHBITyeMbIe
OypoBBIE pacTBOPHI OBUIH ciexyromuMu: pacTBop Nel
— 1 MM, pactBop Ne2 — 0,5 mm, pactBop Ne3 — 0,25 mwm,

pactBop Ne4 — 0, 12 mm. Mi3MepeHHBIe TapaMeTphI 1aH-
HBIX KOMITO3HUIWH yKa3aHbI B Tabnmie 3.

Tabmuua 3
[Tapametpsl OypoBbIX pacTBopoB NeNel,2.3.4
ITapametp PactBop Nel PacTtBop Ne2 PactBop Ne3 PactBop Ned

ITnoTHOCTB, KT/M 3 1100 1100 1100 1100

pH 8,3 8,2 8,3 8,1

PV, Il 20 20 18 19

CHC (10 cex), ITa 7,7 8,1 17 20

CHC (10 mun), [1a 10 9,6 21 31

Kopka, Mm 1 1 1,1 1

BeiBoabl: DpakiMOHHBIA COCTaB OMpeNessuIcs ¢
MOMOIIBIO TIPOBEJEHHBIX HCCIEIOBAHUN. OKCIEpUMEH-
TaJbHO YCTaHOBJIEHA BBICOKas TIOTJIOMIAIONIAS CIIOCOO-
HOCTb Y HECKOJIbKMX 00pa3nioB. OTMEUYEHO, YTO B COCTaBe
(IIBTPalMOHHON KOPKH Hanbosiee HHTECHCUBHO PacTBO-
psIIOTCST HanOoJIee MEJKO-AUCIICPCHBIE COCTaBBI. JKCIe-
PHUMEHTAIBHASI OLIEHKA BIIAXKHOCTH JUTS PA3HBIX HAIOJIHU-
TeJIeH MOKa3bIBaeT, YTO BIAKHOCTH KOJIEONIETCs B MIMPO-
kux npenenax — ot 0,5 no 10%.

B xone mccnenoBaHus BIMSHHUS KOJMBMAaTaHTOB Ha
TMoKa3aTenn OypOBBIX PacTBOPOB OKAa3aJ0OCh, YTO HATION-
HUTEH OKa3bIBAIOT 3HAUUTEIBHOIO BIMSHUS Ha TEXHOJIO-
TMYECKHe NOKA3aTeId MaTOITIMHUCTON CyCHEH3HH IUIOT-
HocTbio 1030 — 1060 kr/m3. CTpyKTYpHO-MEXaHHYECKHE
TIOKa3aTeJ N MaJIOTJIMHUCTBIX (3 —4%) cycrieH3ui yBem-
YMBAKOTCA B 6 — 7 pa3. YCTaHOBIEHO, YTO KOJIbMATaHTBI
B IIPHUCYTCTBUH IIOJIIMEPOB YrKe MPH 2%-HOH H0OaBKE BbI-
3bIBAIOT YBEJIMUYEHNE PEOJIOTMYECKUX TTOKA3aTeNel IoH-
MEpPTIIMHUCTOrO pacTBopa Ha 30 — 35%.

HWccnenoBanys BIMSHAS KOJIBMAaTaHTOB Ha (HOPMHU-
poBaHue (pUIBTPALOHHOW KOPKH B IMHAMHYECKHX YCIIO0-
BUSIX TAKXKe ObUIM IIPOBEICHBI.

B pesynbpTare 3KCcHEpUMEHTa yCTaHOBIECHO, YTO
HavMeHblIee 3HaYeHue (HIbTPALUK JOCTUTACTCS ITy-
TeM mojdopa KOJIbMAaTaHTa C IIUPOKUM JHANa30HOM
pacnpeneneHus 4YacTHIL.

TakuM 00pa3oM, SKCIEPUMEHTAIBHO JO0Ka3aHo,
YTO YeM IIUpE AUATA30H PACTIPEAEIICHNS HATOIHUTEIS
B OypoBOM pacTBOpE, TEM BBIIIE BEPOATHOCTH CO37a-
HUS TUTOTHOW, MAaJIOTIPOHUIIAEMOW TPOOKH W yCIem-
HOT'0 3aKyIIOPHUBAHUS TPEIIUHEI.
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