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BIOLOGICAL SCIENCES

O BUJIOBOM COCTABE TJIEH (HEMIPTERA: APHIDOIDEA), BPEJSIIIIAX OBOIIIE-
BAXYEBBIM U IJIOIOBBIM KYJIBTYPAM B A3EPBAIKAHE

Mycmadgpaesa I'. A.
Hucmumym 300n0euu HAHA, baxy

SPECIES COMPOSITION OF APHIDS (HEMIPTERA: APHIDOIDEA) DAMAGING VEGETABLE
MELONS AND FRUIT TREES IN AZERBAIJAN

Mustafayeva G.
Institute Zoology of Azerbaijan, Baku
DOI: 10.5281/zenodo.7680267

AHHOTAILIMS

Tmu (Hemiptera, Aphidoidea) sBnsroTCS Cepbe3HBIMH BpPEAWTEISIMU OBOILIE-0aX4YEeBBIM, IJIOJOBBIM
KyabpTypam. OBole-6axueBbIM KyJIbTypaM BpeauT TIH U3 poxa Brevicorynae Van der Goot. 1. Brevicoryne
brassicae Linnaeus. — kamycrras 111, 13 poaa Aphis Linnaeus. 2. Aphis fabae Scop. — cBekiosuuHas ninu 6060Bast
i1s1,3. Aphis gossypii Glov. — 6axuesast unu xonkoBas s, u3 poaa Acyrthosiphon Mordvilka 4. Acyrthosiphon
pisum Harris. — ropoxoBast TJist

B uncne nanbonee omacHeIx Bpeauteneit miogoBeiM 13 Bumos: Eriosoma lanigerum, Aphis pomi, Aphis
punicae, Dysaphis devecta, Dysaphis mali, Dysaphis pyri, Dysaphis reaumuri, Brachycaudus amygdalinus,
Brachycaudus helichrysi, Brachycaudus prunicola, Myzus cerasi, Myzus persicae, Hyalopterus pruni. SI6mone,
TpyIIe ¥ HEKOTOPBIM JPYTUM CEMEUKOBBIM Bpenst E. lanigerum, A. pomi, D. devecta, D. plantaginea, D. pyri u
D. reaumuri; B. amygdalinus, B. helichrysi, B. prunicola, M. cerasi, M. persicae u H. pruni — KOCTOYKOBBIM; A.
punicae — rpaHaty.

ABSTRACT

Vegetable melons are harmed by aphids from the genus Brevicorynae Van der Goot. 1. Brevicoryne brassicae
Linnaeus. - cabbage aphid, from the genus Aphis Linnaeus. 2. Aphis fabae Scop. — Beet or bean aphid, 3. Aphis
gossypii Glov. - Melon or cotton aphid, from the genus Acyrthosiphon Mordvilka 4. Acyrthosiphon pisum Harris.
- pea aphid

Aphids (Hemiptera, Aphidoidea) are serious pests of fruit trees in Azerbaijan. Among them 13 aphid species
are the most dangerous pests of the fruit trees: Eriosoma lanigerum, Aphis pomi, Aphis punicae, Dysaphis devecta,
Dysaphis plantaginea, Dysaphis pyri, Dysaphis reaumuri, Brachycaudus amygdalinus, Brauchycaudus helichrysi,
Brachycaudus prunicola, Myzus cerasi, Myzus persicae, Hyalopterus pruni. Among them E. lanigerum, A. pomi,
D. devecta, D. plantaginea, D. pyri and D. reaumuri damage apple trees and other Pomoidea, B. amygdalinus, B.
helichrysi, B. prunicola, M. cerasi, M. persicae and H. pruni are dangerous pests of Prunoidea, A. punicae is a

pest of the pomegranate.

KutioueBble cj10Ba: TIId, BPEAUTENH, OBOIIE - OaXx4yeBble KYJIbTYphI, MJIOJOBBIE JEPEBbsl, reorpaduueckoe

pacmpocTpaHeHue

Keywords: aphids, vegetable melons, fruit trees, Azerbaijan, pests, geographical distribution.

BBenenue

Tmu (Hemiptera, Aphidoidea) oTHOCSTCS K cepb-
€3HBIM BPEIMTENSIM OBOIIE - 0axdeBBIM, IUIOZOBBIM
KyJIbTypaM. 3aHUMAIOT B)KHOE MECTO CPEIIN COCYIIHX
HacekOMbIX. OHM HaXoJTCSl B TECHOM CBSI3H C pacTe-
HUSIMH, TIUTAIOTCA X COKaMHU. Beiesnsemas TIsIMU IpH
MUTAHUHU CIIIOHA COJIEPXKHUT (EpMEHTHI, PaCIIEIUISIO-
ye Iucaxapuabl W MOIHCAXapHIsl 10 MOHOCAaXapu-
JIOB, KOTOPBIE U MOTPeOIsIIoTes 3TMH (prutoaramu. B
pe3yibTaTe pacTeHHUS yTPAauMBaIOT OOJBINNE KOIHYE-
CTBa YTJIEBOJIOB, BRIITOJHSIOMINX IUNTACTHYECKYIO, HEP-
TETUYECKYIO U PE3ePBHYIO QYHKIMH. Y PACTEHUH B pe-
3yJlbTaTe 3TOTO0 CHIDKAIOTCS 3amachl >KUIKOTO Yrile-
pona.

B pe3synbraTe nesTenbHOCTH TIEH NOBpEXIAI0TCA
pacTUTeNIbHbIE TKaHW M KIIETKH, TOBEPXHOCTh 3arpsi3-
HSIETCSI 9KCKpeMeHTaMH (Me/IBSHOM POCOif), K KOTOPBIM
MPWININAIOT JTUYWHOYHBIE IIKYypKH, HAa KOTOpHIE Oca-
xnaaetcs nputb. OHH CIyKaT cyOCcTpaToM JUTS pa3BUTHS

CaKHCTBIX M JPOMOKEBBIX TpuOOB. CHumxaer,. Caxu-
CTbIe TPUOBI HAPYIIAIOT Nporecc GOTOCHHTE3A, HHTEH-
CHBHOCTbH TIPOIIECCOB OOMEHBI BELIECTB, 3aTPyAHIETCS
JBIXaHUE BCIEACTBUE HKPAHUPOBAHMS MOBEPXHOCTHU
nucTheB MulienueM. ITokpbIBas TUCThs IPEMSATCTBYIOT
HOpPMaJIbHOMY POCTY pacTeHuil. B pe3ynbrare nucThs
pacTeHus CBOPaunBaIOTCs, 1e(hOPMHUPYIOTCA, U3-32 BEI-
CachIBaHMSA COKOB ITOBEPXHOCTH MPHOOPETAST MOPIIHU-
HUCTBIN, YPOJUIUBBIN BUA. JIUCTBS yBAJAIOT, KENTEIOT
1 omanaroT. B3pocnbie ocobu Tiel W TWYMHKH 3ace-
JISIIOT, B OCHOBHOM, HMJKHIOIO ITOBEPXHOCTb JIUCTBHEB,
BBICACBHIBAIOT UX COK. BBICTPO 3aceistoT MONOABIE JIH-
CTOYKH, YTO IIPHUBOJUT K MX 00ECIIBEYMBAHHIO U CBEP-
TeIBaHUIO. I10poll BCe pacTeHUE OTCTAET B Pa3sBUTHUU U
BBICBIXAET.

Tnu npUUUHAIOT Bpell PacTeHUIO, a TAaKkKe CIO-
COOCTBYIOT pacIpOCTPaHEHHIO BUPYCHBIX 3aboJeBa-
HUU Cpey pacTeHU.
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3a mocyieiHNe TOIBl YCTAHOBIICHO, YTO TJIH, KaK
MHOTHE ApyTHe cocymme hurodaru, SBISIOTCS Tepe-
HOCYMKaMH LEJIOT0 psijia BO30yauTeNnel BUPYCHBIX 3a-
6oneBanuil pactenuil. [Iutasch Ha 3apa’k€HHBIX BUPY-
CcaMH pacTEeHUSX, BpeIUTEIN KOHTaAMHHHUPYIOTCS BU-
PYCHBIMH YaCTHLIAMH, KOTOPBIE MOTYT HH(MHINPOBATH
JlaKe TpH MpoOHOM MUTAHUM JPYyTHE, elle 30POBbIE
SK3EMIUISAPHI.

Takum 00pa3oMm, TIM TNPHUYHHAIOT BpEN pacTe-
HUSM KaK HEHOCPEACTBEHHO, OTTOpras 0Homaccy, Tak
¥ HapymIasi OOMEH BEUIECTB U ABJISACH IEPEHOCUMKAMHU
0O0JBIIOTO YHCIIa BUPYCHBIX 3a00JIeBaHHH.

Marepuaj u MeTOIUKA

Jnst uzyuenus: Bpeautenei - ¢purodaros nposo-
quics coop sHTOMO(dayHHcTHUecKoro matepuana. C
LEJbI0 M3Y4EHHs BpenuTeneil Obu1 coopaH sHTOMOda-
YHHUCTHYECKUH MaTepHal 1o OOMIENPUHATHIM METOIH-
kam [8]. M3yuanoce pacmpocTpaHeHHE BpeauTeneil B
AszepOaiimkaHe, X KOPMOBBIE PAaCTCHUSI.

HccnenoBaTenbekue pabOThl MPOBOAMINCH B TIO-
JEBBIX 1 Ja0OpaTopHBIX ycioBuax. COoop Bpenureneit
MPOBOJMIICS B X0JI€ KOMIUIEKCHBIX 3Kcrienuimii. Coop
MPOBOJMIICS B TIEPUO]] MHANBUAYAIbHBIX U KOMIUICKC-
HBIX (DAyHHCTHUYECKHX OSKCIEIULUH, KOMaHIUPOBOK.
HccnenoBanus MpoXOAWIH, B OCHOBHOM, B BECEHHE-
neTHu# nepuoj. M3yuanock pacipocTpaHeHHe Bpeau-
Teneit B A3epOaiikaHe, UX KOPMOBBIE PacTeHUsI, OHO-
9KOJIOTUYECKHE OCOOCHHOCTH U BPEAOHOCHOCTD.

Pabora npoBonuiack B tadboparopun «HTpoayK-
ISl TIOJIE3HBIX HACEKOMBIX U Hay4YHbIE OCHOBBI OHOJIO-
rudeckol 0oprOb» u «lIpuKiIanHas SHTOMOIOTH
WucturyTa 300m0run HAH A3sep6aifmxana.

Pe3yabTaThl U X 00Cy:KIeHHE

Hamn 656110 YCTaHOBIJICHO MIAPOKOE
pacnpocTpaHenue 4 BU0B Hanbojee ONacHbIX TIeH —
KaIlyCTHOH, CBEKJIOBUYHOM, OTOPOJHON U TOPOXOBOM
[6,7], Bpemsmux oBoIile GaxUeBBIM KYJIbTypaM.

O Buaax Tueii, Bpeasmyux 6axyeBbIM 1 OBOIII-

HBIM KYyJbTypam.
Pox Brevicorynae Van der Goot., 1915
Brevicoryne brassicae Linnaeus., 1758 —
KaIlyCTHast T

Kanycruas s Brevicoryne brassicae — oxun u3
CaMbIX OIACHBIX BpEIOUTENCH KaIlyCThl, 3TOT BHI
IIHPOKO PACIpoCTpaHeH B A3sepOaikaHe. DTH TIH
MOPaXAalOT PAcTeHHs CeMEHCTBA KPECTOIBETHBIX H
NPUYUHSIOT UM 3HaYUTENbHBIN Bpel. CHIIBHO BPEANT
KaIycre.

Pacnpocrpanenue:
pacmpocTpaHeH B MHpE.

Pox Aphis Linnaeus., 1758
Aphis fabae Scop, 1763 — CexioBudHas HITH
6060Bast T

Bpenurens momugar. OcHOBHBIE KOPMOBBIE
pacTeHusi OepecKIieT, cupeHb, KajauHa. Bropocrenen-
HBIE KOPMOBBIE PAaCTEHUS — MHOTUE CEIbCKOXO3sM-
CTBEHHBIE KYJIbTYPBI.

Pacnpoctpanenue: Bun uMmeet mupokoe pacnpo-
CTpaHEHHE B MUPE.

Aphis gossypii Glov., 1854 — Bax4eBast i
XJIOTIKOBAS TS

OTOT BHJ TakXke IIHPOKO

OnuH U3 caMbIX OIACHBIX BpeauTeNield. DTOT BUT
MIPUYMHSIET 3HAYUTENbHBIN BpEX XJIOMUaTHUKY, Oaxde-
BBIM M OBOIIHBIM pacTeHHsiM. B AsepOaiiikaHe pac-
MIPOCTpaHeH MoBceMecTHO. baxueBas st momudar,
BpeIUT 0aX4EeBbIM M OBOIIHBIM KyJIbTypaM.

Pacnpoctpanenue: B mupe Bctpeuaercs B Kurtae,
SAnonnu, CesepHoi, Amepuke, Manoit u Cpenneit
Asun, 3anaguoii Espore [1.6,7].

Pox Acyrthosiphon Mordvilka, 1914
Acyrthosiphon pisum Harris., 1776 — ropoxoBas Ti1s

HMmeer  KOpPMOBBIE CBS3M CO  MHOTHMH
pacteHmsiMA. HecmoTps Ha TO, 9YTO OCHOBHBIM
KOPMOBBIM PAacTEHHEM SBISIETCS JIIOIEPHA, BCTpeda-
eTcs Ha ropoxe, YnHe, MaTb-U-Madexe, Make u ap. Bug
HE MUTpHUpYeT. DTO HIMPOKO PaclpOCTPaHEHHBIH BUJ,
BcTpedaercs: moBceMecTHO. OCHOBHOE KOPMOBOE pac-
TeHHe — JIolepHa.

Pacnpoctpanenue: B Mupe BcTpeuaercs B cTpa-
Hax 3ananuoit Epomsl, Slmonnu, Amepuke, Adpuke,
Upane u Unnuu. Pacnpoctpanen Ha IOxxnom Kapkasze
u B pecnyonukax Cpenneit Azuu [1,6]. Ycranoneno
TIOBCEMECTHOE PacIpoCTpaHeHHe B A3epOaiikane.

B A3zepbatimkaHe B KOHIIE TIPOIIIOTO CTOJETHS B
Ka4ecTBE BpEIUTEICH IUIONOBO-ATOAHBIX KYJIBTYpP
66110 M3BecTHO 42 Buma Tiaei [1]. ITo uroram BeIIOII-
HABIIMXCA HAMHU HCCIIEe0BaHUI KOHCTaTHpoBaHO (My-
craaeBal'.A., 1990; Mycradaepa I'.A., 2004; Mycra-
daeca T[.A., 2013; Mycragaca I.A., 2015;
Mustafayeva G.A., 2017), uro cpeau HUX 13 SBIISIOTCS
IIMPOKO PACHpPOCTPAHEHHBIMH U BBICOKO BpEIOHOC-
ueiMu [2,3,4,5,6]. Huke mpezcraBieH UX TAaKCOHOMH-
YEeCKUI CHHUCOK, aHHOTUPOBAHHBIM CBEICHUSAMH O I10-
BPEXIAEMBIX PACTEHHUSX U Ieorpa)uueckoM pacipo-
cTpaHeHHMH. B umcne Hambosee omacHBIX BpeauTeseit
IUIOJOBBLIM 13 BUIOB THEMN.

Pox Eriosoma Leach, 1818

1. Eriosoma lanigerum Hausmann, 1802 — tis
KpOBSIHasI.

OnacHblii BpeauTens sioaonu. PoauHou sBisercs
CesepHast AMepHKa, OCHOBHBIM KOPMOBBIM PAaCTEeHHEM
CUMTaeTCs aMepHUKaHCKui BA3. B AszepOaiimxkane mo-
MUMO SI0JIOHU OTMeYaeTcsl Ha aiiBe U OOsIphIIHUKax. B
YCIIOBHSIX pecrnyOnukn 4vmciieHHocts E. lanigerum
CHI)KAeTCsl B Pe3ylbTaTe NESTeNIbHOCTH crenuduye-
ckoro mapasuta Aphelinus mali Haldeman, 1851.

PacripocTpaHeHne: IIMPOKO — pacrpocTpaHEHa,
cyokocmomonur [1.6].

Pogx Aphis Linnaeus, 1758

2. Aphis pomi de Geer, 1773 — 3enenas s6moHHas
TIIA.

OTH TIIM pa3BHUBAalOTCs Ha s0ioHe, rpyure, 0o-
APBIIIHUKE, psOuHe, aiiBe M BpenaT uMm. B Asepbaii-
JDKaHE paclpoCTpaHEeHa, MOXKHO CKa3aTh, IIOBCE-
MECTHO.

Pacnpocrpanenue: 3anangnas EBpomna, CeBepHas
Awmepuka, Cpennsist Asust u FOxubiii Kapkas [1,6].

3. Aphis punicae Passerini, 1863 — rpanaroBas
TIIS.

MoHodar, BcTpedaeTcs TOJIbKO HAa I'DaHATOBBIX
KyCTax, UM IPUUMHSET CEPbe3HBINA BPE].

Pacmpoctpanenne: FOxnas Epoma, Manas u
Cpenuss Asus, Upan, Adranucran, Adpuka; KaBkas,
Kpe [1,6].
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Pox Dysaphis Borner, 1931

4. Dysaphis devecta F.Walker, 1849 — cepas s0-
JIOHEBas Tsl.

CepbesHblii  BpeauTens s0710HEBBIX canoB. [lo
ceenenusiM H./l. Besuposa (1995), B Aszepbaiixane
OTMEYAeTCs] B OCHOBHOM Ha PaBHUHHBIX, YACTHYHO —
MPEATrOpHBIX TEPPUTOPHSIX, HO BbImIe 1200—1500 M Hax
YPOBHEM MOpS HE BCTpEUaeTCs.

Pacnipoctpanenue: EBponeiickue crpansl; Kpbim;
I'py3us, Y36exucran, Tamxukucrad, KOxuaprit Kazax-
crax [1,6].

5. Dysaphis plantaginea (Passerini, 1860) — s
SIOJIOHEBO-TIOTOPOKHIUKOBASL.

Bpenur s6510He; B CBSI3U € TE€M, YTO MUTPUPYET HA
MOZIOPOKHUK, HAa3bIBAETCS SIOJIOHEBO-TI0IOPOKHUKO-
BOI TNéH. B AsepOaiimkaHe sBIsSCTCS CEpPhE3HBIM Bpe-
IATENIEM S10JI0Hb.

Pacnpoctpanenue: 3anagnas Espomna, CeBepHas
Adpuka, Amepuka; [lepenusist 1 Manas Asus, Cpen-
w1t Asust, FOxubiii Kaskas [1,6].

6. Dysaphis pyri (Boyer de Fonscolombe, 1841) —
I0KHas rpymeBast Tisl.

IMuTaeTcss COKOM IHCTHEB IPYLIEBBIX IECPEBBEB,
YTO MPUBOJUT K UX BBICBIXaHHIO. TIH XHUBYT cpean
9THX, HAIIOJIOBUHY BBICOXIIIHX JIHCTHEB.

Pacnipoctpanenue: 3anagnas EBpomna; Manas u
[Mepennsist Asusi, KOxubrit Kapkas [1,6].

7. Dysaphis reaumuiri (Mordvilko 1928) — Tns-
JIICTOBEPTKA IpyIeBasl.

Bpenut rpyeBsIM JepeBbIM.

Pacnipoctpanenue: HOxnas wacts EBponsl; Llen-
TpasibHas Asus, Cpenuss Asust u FOxubiii KaBka3
[1,6].

Pox Brachycaudus van der Goot, 1913

8. Brachycaudus amygdalinus (Schouteden, 1905)
— TJISl MUHJAJIEBasl.

BpenuTens moBpexkaaeT 1epeBbs NepcuKa U MUH-
nqans. Tnu oOpa3yroT Ha JIMCTBSIX PacTEHHH IJIOTHBIE
CKOIIJICHHS, 3aCEJICHHBIC JIUCThS JKEITEIOT U ONaaroT.

Pacnpoctpanenue: HOxuas Espona; Ilepenuss u
Mannast Asust, Cpennsist Asust u FOxusiii Kaskas [1.6].

9. Brauchycandis helichrysi Kaltenbach, 1843 —
TeIUXpHU30Bast TIsl.

T censTcst Ha MOJIOBIX TOOETaxX M JINCTHSIX Tep-
CHIKa, CITMBBI. DTH cocyne Gputodaru 3acesoT HIX-
HIOIO CTOPOHY IHMCTOBBIX IJIACTUHOK, B PE3yJbTaTe
YETro JINCThS CTAHOBSATCS MOPIIMHUCTBIMHU. [IpH BbICO-
KOW YNCIICHHOCTH NPUYMHSET 3HAYNTEIbHBIN yIIepo.

PacnipocTpaHeHue: IIMPOKO PaclpOCTPaHEHHBIN
BUJL.

10. Brachycaudus prunicola Kaltenbach, 1843 —
TJIS CIIMBOBAsL.

JIBynomublii Bua. Berpedaercs Ha JIMCThAX U IO-
Oerax CiIMBBI, aJbIYM, NEPCHKA, a TAK)KE BTOPHUYHBIX
pacTeHuii-X0351eB — YEPTOII0JI0Xa, KO3JI000POTHHKA.

Pacnpoctpanenue: 3anannas Espona; Ilepeansas
u Cpennsist Asus, FOxubiii Kaekas [1,6].

Pon Myzus Passerini, 1860

11. Myzus cerasi (Fabricius, 1775) — yepHast Bu1-
HeBast TIA.

M. cerasi s.l. Bpemur BumHe W uepemine. [Ipu
CIJIFHOM 3apaK€HHH IPOMCXOIUT 3achIXaHHE epe-
BBEB.

PacnpocTpanenue: moBceMecTHOE.

12. Myzus persicae Sulzer, 1776 — mepcuxoBasi,
tabauHast, MJIM OpaHKepenHas Tisl.

OTH TIn MpUYUHACT 3HAYUTEIbHBINA BpEa nepcu-
KOBBIM JICPECBbAM. KpOMe HHUX TAaKXE 3aCCJIA0OT BUIITHIO
U 10JIOHIO. HOBpe)KI(aIOTCS[ TAaKXKXEC CBCKJIa, IIOJCOJIHCY-
HUK, TOMaT, OaKJIaKaHbl, KApTOQEITh, XJTOMIATHHK, JTFO-
1epHa, ThIKBa, KalyCcTa, ropudna, s4YMCHb U JpP.

PacnpocTpanenue: noBceMeCTHOE.

Pox Hyalopterus Koch, 1854

13. Hyalopterus pruni (Geoffroy, 1762) — ciauso-
Basd OIIbJICHHAS TJIA.

CrnuBoBast OIbUIEHHAS TS TIPUYINUHSACT CepB€3HHf/i
BpE KOCTOYKOBBIM IIJIOAOBBIM KYJbTYpaM. OHlyTI/IMO
BpPEIUT MUHJIAIO, allblye, CIUBE, TICPCUKY, a0OPUKOCY.
CenuTcsa Ha HIDKHEH CTOPOHC JINCTHLEB 3THUX JACPCBLCB,
BbICacCbIBass COK, IMPUYUHACT 0OoIBIION Bpea pactTe-
HUAM.

PacnpocrpaneHnue:
CyOKOCMOTIONHUT.

BruiBoabl

Takum oOpazom, oBomie - 0aXYeBBIM KyJIbTypam
Bpenut ™M u3 poma Brevicorynae Van der Goot.
1.Brevicoryne brassicae Linnaeus. — kamyctHasi Tisi, U3
pona Aphis Linnaeus. 2. Aphis fabae Scop. —
cBekIoBHYHas wiu 6o6oBas Tist, 3. Aphis gossypii
Glov. — baxueBas wuiu XJIONKOBas Tis, W3 poja
Acyrthosiphon Mordvilka 4. Acyrthosiphon pisum
Harris.— ropoxoBas i,

B pesynbrare uccnenoBanusi ObUIO yCTaHOBIICHO,
9TO B YCIOBUAX A3sepOaiimkanHa 13 BHOOB Tieid B
HACTOAIICC BpEMs IPUHAAJICIKAT K YHUCITY HauboJee
OMACHBIX BpEJUTENeH IUIOMOBBIX KyJIbTyp: Eriosoma
lanigerum Hausm., Aphis pomi Deg., Aphis punicae
Pass., Dysaphis devecta Walk., Dysaphis plantaginea
Pass., Dysaphis pyri B.d.F., Dysaphis reaumuri
Mordv.,  Brachycaudus amygdalinus  Schout.,
Brauchycaudus helichrysi  Kalt.,, Brachycaudus
prunicola Kalt., Myzus cerasi Fabr., Myzus persicae
Sulz. u Hyalopterus pruni Geoffr. SI6none, rpyme u
HEKOTOPBIM  JPYTUM  CEMEUYKOBBIM  Bpemar E.
lanigerum, A. pomi, D. devecta, D. plantaginea, D. pyri
u D. reaumuri, xocroukoBeiM — B. amygdalinus, B.
helichrysi, B. prunicola, M. cerasi, M. persicae u H.
pruni, rpanaty — A. punicae.

IIUPOKO  PACIpOCTPaHCHA,

Jlutepatypa

1. Besupos, H.ZI. Tom (Homoptera, Aphidinea)
Asep0aiimkana / H.JI. Besupos. — Baky, 1995. —267 c.

2. Mycradaesa, I'.A. ®ayHa u 3HaueHue adenu-
Hug (Hymenoptera, Aphelinidae) Bocrounoro Asep-
Oaifmmkana: aBropedepar aucc. kaHa. o6uon. H. / [.A.
Mycradaea. — baky, 1990. — 20 c.

3. Mycracdaesa, ['.A. Adenuunasr (Hymenoptera,
Aphelinidae) — mapa3uTsl KOKIU, TIACH U ANeHpOIH] B
Bocrounom A3zepOaiimkane / I.A. Mycradaesa // U3z-
BecTust AkajnemMuu Hayk AszepOaiimkana. Cep. Ouou.
Hayk. — 2004, Ne 1/2. — C. 91-101.

4. MycragdaeBa, I'.A. dayna adennHug
(Hymenoptera, Aphelinidae) Aszepb6aimkana / I'.A.
Mycradaepa /! Bectauk 3armopoKCKOro
HarpoHansHOTO yHHBepcuteta. — 2013, Ne 3. — C. 31—
39.
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5. MycragaeBa, I'.A. Tpoduueckne cBs3U
ademmann (Hymenoptera, Aphelinidae) ¢ dhutodaramu
(Homoptera: Coccoidea, Aleurodidea, Aphidoidea) B
AsepbOaiimkane / I.A. Mycradaesa // Journal Ecology
and Noospherology. — 2015. — Vol. 26, n. 1/2. — P. 81—
88.

6. Mycragaesa, I.A. PaBHokpsuisie (Homoptera:
Coccoidea, Aleurodoidea, Aphidoidea) — Bpeautenu
CENTbCKOXO3SIMCTBEHHBIX U JIEKOPATHBHO-MAPKOBBIX
pactenmii B A3epOaifkaHe, UX Mapa3uThl ¥ XUITHIKH:

aBTOpedepar AuCCcepTaluy HAa COMCKAaHHUE YICHOH CTe-
[IeHH JOKTOopa Hayk mo Guonoruu / G.A. Mustafayeva.
— baky, 2017. - 50 c.

7. Mycradaesa I'.A., UcmannoBa I'.A. baxueBas
s (Aphis gossypii Glov.)) u eé suromodaru /
Mycradaesa I'.A., Ucmammosa [.A. [/ Tpyast
unctutyta 3oonoruun HAHA, XXVIII, Dam, baky:
2006, c. 660-666.

8. TpsanuueiH, B.A. [TapasuTsl 1 XUIHUKY BpeIu-
TeJel CebCKOXO03SMCTBEHHBIX Ky nbTyp / B.A. Tpsimm-
ubiH, B.A. [lanupo, B.A. leneTuisHukoBa. — JIeHuH-
rpax: Komoc, 1982. — 256 c.
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B craTtbhe comepKUTCS KpaTKHil 0030p IIYMOBOTO 3arpsi3HEHHs. PacuWTaH M M3MEpeH IIyM, CO3aBacMBbIH

TPAHCHOPTHBIM MTOTOKOM Ha y4acTke aBTogoporu Hoembepsua-EpeBan, mpumMeikatomeM kK VmkeBanckomy (rm-
any EI'Y. DKBUBaJICHTHBIH ypOBEHb IITyMa OT TPAHCIIOPTHOT'0 TIOTOKA Ha pacCTOSHUM 7,5 M OT IIEHTpa OrKanieit
TIOJIOCHI ABMYKEHUS olleHuBascs B 69,8 + 71,7 nb, a cpennuii usmMepeHHbIN ypoBeHb IrymMa coctaBui 71 + 73 nb.
MakcuManbHbIi SKBUBAJIEHTHBIA ypOBEHb IlIyMa oueHuBaics B 74,1 + 75,8 ab.

ABSTRACT

The article contains a brief overview of noise pollution. The noise generated by the traffic flow on the section
of the Noyemberyan-Yerevan highway, adjacent to the ljevan branch of YSU, was calculated and measured. The
equivalent noise level from the traffic flow at a distance of 7.5 m from the center of the nearest traffic lane was
estimated at 69.8 ~ 71.7 dB, and the average measured noise level was 71 + 73 dB. The maximum equivalent noise

level was estimated at 74.1 ~ 75.8 dB.

KiroueBble cj1oBa: 1IyM, IIyMOBOE 3arpsi3HEHNE, aBTOTPAHCIIOPT, AennOesn, ApMeHus.
Keywords: noise, noise pollution, vehicles, decibel, Armenia.

BBenenue

[ITymoBoe 3arpsi3HEHHE BXOIUT B TPOHKY CaMBIX
3HAYUTENBHBIX AKOJOTHUECKHUX 3arpsi3HEHUH B MUpE.
AKxycTHyecKoe 3arpsisHeHHE BO BCEM MHPE COCTABISAET
nopsinka 70-75 % OT Bcex 3KOJIOTHYECKHX 3arpsi3He-
Huil. Kak u3BecTHO, IIyMOBOE 3arpsi3HEHNE — 3TO Ipe-
BBINICHUE €CTECTBCHHOI'O YPOBHS HTYMOBOI'O q)OHa niIn
HCHOPMAJIbBHOC M3MEHCHHUEC 3BYKOBBIX XapaKTCPHUCTHUK!:
NEPUOANYHOCTH, CUJIbI 3ByKa U T.1. lllymoBoe 3arpss-
HEHHE — 3TO pa3fpakarollUii IIyM aHTPOIOT€HHOTO
MPOUCXOK/ICHHS, HapyUIAIOMINN KHU3HEAEATEIbHOCTh
JKMBBIX OPTaHM3MOB M YeJIOBeKa. VICTOUYHHMKOM Iryma
MOXeT OBITh JIF0OOH Tpolecc, BBI3BIBAIOIINN MECTHOE
M3MEHEHHE JIaBJICHNUS, JIN00 MEXaHNIECKUe KoJIeOaHus
B JKECTKHX, BOASHHUCTBIX MO0 ra3o00pa3HbIX cpenax.
B cBs3u ¢ ypOanm3anneil, OMHUM W3 TJIaBHBIX HCTOY-
HUKOB IIyMa B TOpoA€ ABIACTCA TPAHCIIOPT, KOJIHUYC-

CTBO ¥ MHTCHCHUBHOCTH JBIDKCHHS KOTOPOTO Oe30cTa-
HOBOYHO PacTEéT. YPOBEHB IIyMa U3MEPSAETCS B CIUHH-
[1aX, BBIPAKAIOMIUX CTEHCHb 3BYKOBOT'O JABICHHS, —
nenubenax(ab). Yposens mryma B 20—30 nb mpaktude-
cku Oe3BpelieH ISl YyeloBeKa, ATO €CTECTBEHHBIN MTy-
MOBOH (oH. [Iy11 TPOMKHMX 3BYKOB JOIMyCTHMas Ipa-
HHUIIA COCTaBIsieT mpuMepHo 80 menuOenoB, U TO MpU
ypoBHe mryma 60-90 n1b BO3HHKAIOT HENPUSATHBIE OIITY-
mieHns. 3Byk B 120—130 nb ye BbI3bIBaeT y denoBeka
OoneBoe omymieHue, a npu 140—145 nb mMoryrt naxe
JonHyTh Oapabaunnsle nepenoHku. 1llym B 150 1b npo-
cto HectepnuM, 180 n1b — cMepTenbHBIA A yesno-
Beka[ 1-4].

Huem mym B ropoge cocrasisier 30-100 nb. B
ApMeHUH JOIMyCTHMBIN mpenen myma cocrasisaer 40
1nb Houbto 1 60 n1b mHem. [IpuMeHsemMble HOPMBI IITyMa
B eBpomneiickux crpaHax apyrue: 40-55 nb wHoubto, 50-
65 nb nHEM.
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Lembto paboOTHI SABISIETCS pacueT W M3MEpEHHe
IIymMa, CO3[aBacMbIil TPAHCIOPTHBIM IIOTOKOM Ha
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Puc. 1. ITnan yruyvt Epesansin u Moocesanckoeo guiuana EI'Y

MeToabl uccaeI0BAHUSA

W3mepenue 3Byka npoBoauiock mymomepom moaenu EXTECH 407730, mo3BOASIONIMM U3MEPATH IIYM B
nuana3one 40-130 ab (puc.2). U3mepeHus BBIMONMHSIOTCS ¢ UHTEPBAJIOM B 2 MUHYTHL.

iy

Puc. 2. lLlymomep mooeru EXTECH 407730

ITpu npoBeneHnM U3MEpEHNH IIYMOBBIX XapaKTe-
PHCTHK aBTOTPAHCIOPTHOTO IIOTOKA, B COCTaB KOTO-
pPOr0 MOTYT BXOJHTH JIETKOBBIE M I'Py30BBIE aBTOMO-
Own, aBTOMOE3/1a, aBTOOYCHI, TPOJIIEHOYCHI, TpaMBaH,
MOTOCpE/CTBa (MOTOIMKIIBI, MOTOPOJUIEPHI, MOTIEIHI,
MOTOBEJIOCHTIEIBI), & TAKXKe APYTHE BUABI TPAHCIIOPT-
HBIX CPEACTB, U3MEPUTEIBHBIH MHKPO(QOH IOIDKEH
pacmionaratecsi Ha paccrostHuu (7,5+0,2) M oT ocu
OMmKHEH K TOYKE M3MEPEHHs MOJIOCH! WM IMyTH JBHU-
JKEHHs TPAHCIIOPTHBIX CpelncTB U Ha BbicoTe (1,5+0,1)
M OT ypOBHS MOKPBITUS MPOEIKEN YaCTH UIH FOJOBKU
pesbca TpamBaiiHoro mytH [ 1-6].

OKBHBAJICHTHBIH YPOBEHb 3ByKa PaCCUUTHIBACTCS
no gopmyie [5]:

Laske=15+101gQ+13,3 Ig V+4 Ig(1+p)+La1 + Laz (1),
rie Q — WHTEHCHBHOCTH [IBI)KCHUS B IBYX
HaIpaBJICHUSX, aBT./d;

V— cpenHss CKOPOCTh TOTOKA aBTOMOOWIBHOTO
TpaHCHOPTa, KM/4;

p— 07 CPEeACTB IPY30BOIO U OOIIECTBEHHOTO
TpaHCIIOPTa B MOTOKE,%;

AL a1 — TIOTIpaBKa, YYUTHIBAIOMIAsl BUJ] MTOKPHITHS
MpOe3KEN JaCTH YU WIN T0poTrH, 1b (Tpu acdais-
T06eTOHHOM TOKpBITHH AL A1 = 0);

AlLp> — TOmpaBKa, YYHUTHIBAIOMIAS IMPOFONBHBINA

YKJIOH YJWIBl WIN AOPOTH, Ab (I mpsMBIX JOpOT
ALAQ = O)



Sciences of Europe # 111, (2023)

9

Pe3yabTaThl 1 UX 00Cy:KAeHHE

CpenHsisi HHTEHCUBHOCTD ABWXeHHS Q = 550+
850 aBrt./yac, U3 HUX J0JIS IPY30BBIX aBTOMOOMIIEH P =
15 %, cpeansis ckopocTh motoka 50 km/vac. J{ist ac-
¢ansToBoit noporu Lai=0, La>=0, Tak kak nopora mps-
Masl.

[Tpu ycnosuu Q = 550 aBromoOmel/4ac:
LA3K3215+10|9550+13,3 |g 50 +4 |g(1+15)+LA1 +L a2,
Lass =15+27,4+226+48+0+0,

L s = 69,8 nb.

[pu ycnosuu Q = 850 aBTOMOOMITE}/Uac:

L s = 15+101g850+13,3 1950 + 4 1g(1+15)+La1+La,
Lass =15+29,3+226+4,8+0+0,
LABKB = 71,7 )IE

CpenHuii U3MEpEeHHBIH ypOBEHb LITyMa COCTAaBUII
ot 71 no 73 nb.

WnxeBanckuii punuan EI'Y pacnonoxen Ha pac-
tositHuM 30 MeTpoB OT aBTOMaructpanu. CpeaHuil uz-
MEpEeHHBIIl ypOBEHb IIyMa OKOIO 374aHus VmkeBaH-
ckoro ¢pummana ET'Y cocrasmser 55 nb.

Lmax=50+8,8Ig N (2),
rae N — pacdeTHas HHTCHCUBHOCTD IBIKCHUS.

IIpu ycnoum Q = 550 aBTomoOmiIen/9ac Lmax =
74,10b, a mpu Q = 850 aBTroMoOmWnel/9ac Lmax =
75,81b.

BroiBoabI

1. OrueHHeHHbIE PKBUBAJIEHTHLIM U MaKCHMAallb-
HBbI 3KBUBAJICHTHBI ypOBEHb IIyMa OT TPAHCIOPT-
HOTO IIOTOKA Ha pacCTOSIHUU 7,5 M OT IIEHTpa OJKaii-
niei Monockl IBUXKEHUS yiaulsl EpeBaHsH B cpefHEM
coctaBisiioT 71 u 75 1b cooTBETCTBEHHO

2. CpeaHuii ©I3MEPCHHBIN YPOBCHB IIIyMa Ha pac-
CTOSTHHU 7,5 M OT IeHTpa OvbKaiIIe moiocsl ABKe-
HUA B cpeaHeM mnoiydaercs 71ab, a oxono WmxeBan-
ckoro punuana EI'Y cocrasnser 55 nb.

Hccnedosanue 6uinonHeHo npu @uUHAHCOGON
noooepoicke Hoacesanckozo punuana EI'Y ¢ pamkax
npoexma noo Hazeanuem Hccnedoeanue uwiyma 6
paiione HeKOmopwvIX 00uie0dpPaA306aAMeENbHHIX WIKO,
20Cmesbix 00M08 U MeduyuHckux yupesxcoenuil Ta-
8YyUICKOUL 001acmu.

Jlutepatypa

1. JImnuenko C. H. Dxomormdeckoe cocTosHHE
OKpYy>Karolled IPUPOJHOM Cpelbl U 310pOBbE 4EIIO-
Beka. — Kpacnonap, 2007. — 64 c.

2. Cumownsn I'. C., Maprapsu A. 1. Monuro-
puHr 3Byka. EpeBan: M3n-Bo EI'Y. 2020, 42 c. (1a ap-
MSTHCKOM).

3. Cumounsu I'.C., [Tupymsn I'.I1., Cumonsu AT
MOHHTOPHHT IIIyMa aBTOTpaHCIIOPHOTO MaToka. Coop-
HHUK TpPYJOB MEXIyHapoJHOW KoH(pepeHIMH [ opuc-
CKoro Toc. yHuBepcureTa, 2011, ¢.189-193.

4. Cunmonsa A.T'., Ceomonsta I.C., Mupywmsta I.I1.
MOHHTOPHHT IIyMa aBTOTPAHCIIOPTHOTO ITOTOKA TO-
pona EpeBana, Oxonormdeckass 6€30macHOCTb U TPH-
POIOTIONIb30BaHKE: HAyKa, MHHOBAIIUH, yIpaBJIcHUE //
Marepuansl craTbeil Bcepoccuiickoil Hay4YHO-IIPAKTH-
yeckoi KoH(pepeHuun. Maxaukana: AJIED, 2013, c.
347-351.

5. TOCT 20444-85 Illym. TpancmopTHbIE IO-
TOKA. MeTox oOmpeneneHusi NIyMOBOH XapaKTepH-
ctuku. M., Crangapt, 1985.

6. Ilocmemos [1.U. Boprba ¢ mrymoM Ha aBTOMO-
OmpHBIX Hoporax, M., TparcmopT, 1981, 88 c.
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MEDICAL SCIENCES

THE USE OF LASER THERAPY IN THE TREATMENT OF PATIENTS WITH DIABETIC FOOT
SYNDROME
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Bilous O.,
Bodnar A.,
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Pavlovych L.
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ABSTRACT

“Bukovinian State Medical University”, Ukraine
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The purpose of the research: in patients with diabetic foot syndrome, the use of intravenous laser irradiation
and ultraviolet irradiation of blood contributes to the rapid cleaning of the wound surface from detritus, the accel-
eration of the formation and maturation of granulation tissue and wound epithelization is noted.

Keywords: diabetes, diabetic foot, intravascular laser irradiation of blood, ultraviolet irradiation of blood.

INTRODUCTION.

According to international statistics, as of now,
about 200 million people in the world suffer from dia-
betes. In proportion to the increase in the incidence of
diabetes, the number of its chronic complications also
increases. The great social significance of complica-
tions of diabetes is that they lead to early disability and
mortality, which is associated, in particular, with the
development of diabetic foot syndrome. Despite the
progress achieved in the study of the diabetic foot syn-
drome, the available data on the statistics of amputa-
tions are not optimistic. The reason is that 50-70% of
all lower limb amputations are performed in patients
with diabetes. The effectiveness of conservative treat-
ment of diabetic patients with diabetic foot syndrome
does not exceed 30%. To solve this problem, the use of
physiotherapeutic methods of treatment, including
plasma streams, high-energy and low-energy lasers, is
proposed. In recent years, a number of works have
proven the effectiveness of intravenous laser irradiation
of blood (IVL) in the treatment of purulent-necrotic
forms of diabetic foot syndrome. The wavelength of la-
ser radiation of 635 nm (red spectrum) is optimal for
the effect of improving the trophic supply of tissues
through the following main mechanisms: increasing the
deformation of erythrocyte membranes, increasing the
level of erythrocyte content, improving the oxygen
transport function of erythrocytes, improving blood
rheology, etc. The wavelength of 405 nm combines the
advantages of low-intensity laser radiation of the red
and UV spectra, since for this wavelength the absorp-
tion maxima for both erythrocytes and immunocompe-
tent cells coincide. [1,2]

There are many unsolved and controversial issues
in the treatment of diabetic foot syndrome. The search
for new effective means and methods of influencing the
links of the pathogenesis of the diabetic foot syndrome
continues. The introduction of new physical factors of
influence, in particular intravenous laser irradiation of
blood and ultraviolet irradiation of blood, opens up
great possibilities for improving the results of treatment

of this category of patients. Ultraviolet irradiation of
blood is one of the methods of quantum blood therapy,
which has been widely used by domestic and foreign
medicine for the past 20 years. The basis of the method
is the irradiation of a small amount of blood flowing
over a low-power ultraviolet light emitter, equal in in-
tensity to sunlight in the ultraviolet spectrum. As a re-
sult of such influence, a certain group of molecules,
highly sensitive to this spectrum of light, is excited.
With the help of complex biochemical reactions, a gen-
eral reaction of the whole organism develops, which in-
cludes a number of therapeutic effects that often exceed
pharmacological therapy. The most important of them
is the immunostimulating effect. Modern medicine
does not know a more effective method of activating
the body's immunity. Certain scientific articles have
shown some positive aspects of the use of intravenous
laser irradiation of blood at 405 nm and ultraviolet irra-
diation of blood in the treatment of diabetic patients
with wounds that do not heal for a long time and trophic
foot ulcers. However, the information and conclusions
about the benefits of their use are insufficiently cov-
ered. There is no unity of opinion about the influence
of these techniques on the course of the reparative pro-
cess, regional microcirculation. The question of the ex-
pediency of their use depending on the form of the dia-
betic foot syndrome and the localization of the wound
process is not reflected. The importance of the above
problem for practical health care and the presence of
many unexplored questions listed above served as the
basis for this study. [2,3]

The aim of the study:

To develop a method of treatment of patients with
purulent-necrotic forms of diabetic foot syndrome us-
ing intravenous laser irradiation of blood (405 nm) and
ultraviolet irradiation of blood and to give a compara-
tive assessment of their effectiveness. [4]

Obijectives of the study:

1. To develop and implement in clinical practice a
method of treating patients with purulent-necrotic
forms of diabetic foot syndrome using intravenous laser
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irradiation of blood (405 nm) and ultraviolet irradiation
of blood.

2. To study the dynamics of the wound process
during the treatment of patients with purulent-necrotic
forms of diabetic foot syndrome.

3. To provide a comparative assessment of the ef-
fectiveness of intravenous laser irradiation of blood
(405 nm) and ultraviolet irradiation of blood in the
treatment of patients with purulent-necrotic forms of
diabetic foot syndrome.

Research material:

An analysis of the results of the examination and
treatment of 13 patients with purulent-necrotic forms of
diabetic foot syndrome who were treated in the surgical
department of the regional hospital for the period from
2015 to 2019 was carried out. [7,8]

There were 8 (61.5%) women and 5 (38.4%) men
among the patients. The age of the patients was from 45
to 64 years. All patients had type Il diabetes. 9 (69.2%)
patients were diagnosed with mild diabetes (fasting
blood sugar in these patients was 8.2 mmol/l, 20-25 g
in urine per day). 3 (23.07%) patients had diabetes of
moderate severity. The glucose content in the fasting
blood of these patients did not exceed 14 mmol/Il, in the
urine per day - no more than 40 grams, periodically ac-
etone was detected in the urine. According to ultra-
sound, main blood flow at all levels of the affected limb
was preserved in 10 (76.9%) patients, in 3 (23.07%)
there were lesions of the arteries of the tibiofemoral
segment. Despite various variants of stenoses of the ar-
teries of the ankle-foot segment in the examined pa-
tients, there are no data on the presence of critical is-
chemia. [7,8]

Patients with diabetic foot syndrome were divided
according to the depth of spread of the purulent-ne-
crotic process: 1st group — 10 (76.9%), 2nd group — 3
(23.07%). According to the form of the diabetic foot:
there were 9 (69.2%) patients with the neuropathic form
of the diabetic foot, 4 patients (30.7%) with the neuro-
ischemic form of the diabetic foot. [7,8]

The nature of purulent-necrotic lesions of the feet
was represented by the following nosological forms:
patients with dry gangrene of the foot comprised 3
(23.07%) patients, trophic ulcers — 2 (15.3%), purulent-
necrotic foot wounds — 3 (23.07 %), foot phlegmons —
5 (38.4%). When treating patients with diabetic foot
syndrome, serious attention should be paid to the cor-
rection of concomitant diseases that complicate the
course of the main disease. Ischemic heart disease was
detected in 7 (53.8%) patients, hypertensive disease - in
4 (30.7%) patients, obesity of 2-3 degree - in 2 (15.3%)
people, post-infarction cardiosclerosis - in 2 (15 .3%)
of patients. Treatment of concomitant diseases was car-
ried out jointly with specialized specialists. [7,8]

The patients in the groups were comparable in
terms of age, sex, localization and prevalence of the pu-
rulent process, presence of concomitant diseases. Treat-
ment of patients with purulent-necrotic forms of dia-
betic foot syndrome was comprehensive, including the
impact on all pathogenetic links of the disease.

The scheme of treatment of patients included:

= surgical treatment;

= therapy aimed at compensating carbohydrate
metabolism, according to the endocrinologist's recom-
mendations (diet, tablet sugar-lowering drugs or insu-
lin);

= antibacterial therapy (broad-spectrum antibi-
otics);

= detoxification therapy (in severe cases);

= metabolic therapy (alpha-lipoic acid, vitamins
of group B);

= antiplatelet therapy (trental, sulodexide);

= |ocal treatment included dressings with anti-
septic solutions (lodopyrine 1%, Chlorhexadine 0.1%),
with enzymatic coatings (Dalcex-trypsin), hydrophilic
ointments (Livosin, Levomekol), preparations based on
hyaluronic acid (Kuriozin). [9,10]

Depending on the applied treatment methods, the
patients were divided into 2 groups.

Group 1 (control) was represented by 6 (46.1%)
patients who underwent traditional conservative ther-
apy.

Group 2 (main) included 7 (53.8%) patients who,
in addition to traditional therapy, underwent VLOK and
UFO of blood. The power of laser radiation at the end
of the light guide is 1.0 mW, the duration of action was
20 minutes per session. The course of laser therapy in-
cluded 10 sessions. UVI of blood - the duration of ac-
tion was 5-7 minutes per session. The course of therapy
included 10 sessions. [9,10]

Research results and their discussion:

In patients of 1 (control) group, who received only
traditional conservative treatment for up to 14 days, in-
significant dynamics in changes in the clinical picture
were noted. By this time of treatment, the swelling of
the foot decreased in only 4 (67%) patients, and the pain
syndrome was bought in only 2 (33%). In the 2nd
(main) group, where, in addition to traditional therapy,
IVLA and UVI of blood were performed, unlike the
control group of patients, a decrease in foot pain and
paraesthesia phenomena was noted for 7-10 days, a de-
crease in local edema was noted already on 4-5 days,
hyperemia surrounding tissues for 2-3 days, and infil-
tration in the area of wound edges for 3-4 days.

The analysis of the main indicators of the course
of the wound process in patients with diabetic foot syn-
drome in groups showed that in the group of patients
treated with the traditional method, the average time for
wound healing was 10+4 days, the appearance of gran-
ulation tissue was noted for 18+6 days, and healing (ep-
ithelialization for 50 %) for 27+1 days. We noted the
best indicators in group 2, where traditional conserva-
tive therapy and (IVLA)+UVI of blood were per-
formed. The average time for cleaning wounds from
damaged tissues was 5+2 days, the appearance of gran-
ulation tissue was noted for 14+2 days, and healing
(50% epithelization) for 21+1 days. [10]

Application of the developed method of treatment
of wounds that do not heal for a long time and trophic
ulcers in patients with purulent-necrotic forms of the
diabetic foot syndrome contributed to a reduction in the
time of cleaning wound defects by 1.5 times, the ap-
pearance of granulations by 1.4 times, and healing (ep-
ithelialization by 50%) in 1.3 times. In purulent-ne-
crotic forms of the diabetic foot syndrome, depending
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on the depth and area of the lesion, tissues remained
non-viable in the wounds after surgical treatment, and
secondary necrosis appeared in a number of cases dur-
ing treatment, which required repeated surgical treat-
ments. In the first group of 6 operated patients, repeated
surgical treatment (necrectomy) was required for 4
(66.7%) patients. In the second group, where complex
treatment with IVLA+UVI of blood was carried out, 1
(14.2%) of 7 patients also underwent repeated surgical
treatment. As a rule, repeated surgical treatment was
carried out 2-4 days after the primary one. The use of
IVLA+UVI of blood made it possible to increase the
effectiveness of postoperative treatment of wounds and
reduce the number of repeated surgical treatments.
IVLA+UVI of blood allows to shorten treatment and
healing times in comparison with traditional methods,
they are: the average time of inpatient treatment was
15+1.5 days. In the comparison group (traditional treat-
ment), these terms were significantly different and cor-
responded to 21.5+1 days. [11]

The results of treatment were evaluated after 6
months. Clinical dynamics in patients with diabetic foot
syndrome 6 months after treatment in the 2nd group,
where IVLA+UVI blood was used, was characterized
by an improvement in general well-being, a decrease in
the feeling of "fatigue" in the legs, and a decrease in
foot swelling. In the first group, the clinical picture cor-
responded to the same as before the start of the treat-
ment course. [11,12]

We believe that the results of wound healing in pa-
tients with diabetic foot syndrome in group 2 are indic-
ative. Among patients who received only traditional
therapy, wound healing after 6 months was noted in 2
(33.4%) patients. Complex treatment of patients with
diabetic foot syndrome, where traditional therapy was
combined with IVLA+UVI blood, made it possible to
achieve wound healing in 5 (71.5%) patients. [13,14]

Conclusions:

1. Using the method of complex treatment of pu-
rulent-necrotic forms of diabetic foot syndrome, based
on the use of intravenous laser irradiation (405 nm) and
ultraviolet irradiation of blood, according to clinical
and laboratory studies, its therapeutic effectiveness can
significantly exceed the effect of traditional therapy.

2. Clinical and laboratory studies in patients with
purulent-necrotic forms of diabetic foot syndrome have
shown that complex treatment using intravenous laser
irradiation (405 nm) and ultraviolet irradiation of blood
contribute to the rapid cleansing of the wound surface
from purulent-necrotic detritus, the acceleration of for-
mation and maturation is noted granulation tissue and
epithelization of the wound by 1.3 times compared to
the traditional method.
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Lifestyle, controlling the risk factors for developing chronic non-communicative diseases, and regular pre-
ventative health screenings are all elements needed for reducing the negative statistics for cardiovascular diseases
and endocrine disorders in Bulgaria. This article presents the opinions of 417 people from all over the country who
participated in a questionnaire between December 2022 and January 2023 on their self-evaluated health, lifestyle,
risk factors, as well as on the frequency, initiative and mode of preventative health screenings. The results show
there is a need for change in all directions, and for greater engagement by patients, medical specialists and by

society as a whole.
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Introduction

The lifestyle, controlling the risk factors for devel-
oping chronic non-communicative diseases, and regu-
lar preventative health screenings are all elements
needed for reducing the negative statistics for cardio-
vascular and endocrine disorders in Bulgaria.

One of the ways to control the causes for chronic
non-communicative diseases (NCD) is an annually
conducted mandatory preventative health screening.
The aim of these screenings is the early detection of de-
viations in the clinical and laboratory indicators and
timely intervention by the medical specialists.

In Decree Ne 8 from 03.11.2016 on preventative
health screening (with entry into force on 01.01.2017,
issued by the Minister of Health, SG, issue 92,
22.11.2016; am. and add. SG, issue 48, 28.06.2022) de-
fines the conditions, procedure and funding for preven-
tative health screenings for early disease detection. The
prophylactic screenings and tests are done in accord-
ance with the medical standards and the rules for proper
medical practice.

The goal of this article is to present the patients’
position on the role of preventative health screenings in
controlling the risk factors for chronic non-communi-
cative diseases in our country.

To realise this goal, the following tasks were
drafted:

1. Health, lifestyle and present risk factor self-
evaluation of the respondents

2. An analysis of the frequency, initiative and
mode of the preventative health screenings according
to the participants.

A direct questionnaire survey was conducted us-
ing the online platform Google Forms among 417 Bul-
garian citizens — health-insured persons (HIP) over the
age of 18, during a two-month period (December 2022
— January 2023). Descriptive and analytical statistical
methods were used.

ANALYSIS

Out of the survey participants, 65.5% (273) are
women and 34.5% (144) are men. The average age of
the participants is 46, whereby the employed are the
majority — 76% (Figure 1).
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Pensioner due to illness

Pensioner (working)

Pensioner

Unemployed (actively seeking employment)
Working (self-employed or employed)
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I 1,4%
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B 9,8%

N 2,4%
e , 0%

B 5,8%

Figure 1. Participants by social status

When asked about their education, the largest por-
tion of participants reported completing secondary ed-
ucation — 36.7 % (157), followed by those with higher
education — Masters’ Degree - 34.8% (145), Bachelors’

Under 467 BGN

467 - 710 BGN

710 - 1000 BGN

1000 - 1500 BGN

1500 - 2000 BGN

2000 - 3400 BGN

Over 3400 BGN

Degree - 13.2% (55) and Professional Bachelor’s - 6%
(25).

Income is one of the factors influencing lifestyle
and medical service consumption. The distribution of
the participants by their income is shown in Figure 2.

Figure 1. Participants by their monthly income

In social research, self-assessment of health status
(SRH - self-rated health) is used to assess the health
status. In multiple studies, this approach has proven that
self-assessment is a good measure not only of this sta-
tus (Mandcrbacka, et al. 1998; Martikainen, et al. 1999;
Singh-Manoux, et al. 2006) but also a predicator of
mortality, which may be used just like the other risk
factors, especially when it comes to adults (Benyamini,
Idler 1999; Idler, Benyamini 1997; Burstroom, 23
Fredlund 2001; DE Salvo, et al. 2006; McFadden, et al.
2009; Singh-Manoux, et al. 2007).

The European Health Interview is a part of the Eu-
ropean health research system, which aims to use a har-
monized toolbox, which would provide greater data

comparability between the EU member states. The In-
terview allows for assessing the EU population’s health
status, lifestyle (health determinants) and use of health
services. It was ran in three waves — 2008, 2014, 2019,
and according to the results of all three, over 65% of
the participants assess their health as “good” or “very
good”. According to Eurostat data, from “European
Union Statistics on Income and Living Conditions” in
2019, 71.5% of men and 67.2% of women in the EU
member states consider their health “very good” or
“good”, which corresponds to the larger-scale self-
rated health research mentioned above.
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Figure 3. The participants by self-rated health

Lifestyle is a factor influencing people’s health
and their medical service consumption. To the question
“How would you evaluate your lifestyle?” (Figure 4)
over half of the participants give a positive answer —
50.8% assess their lifestyle as “mostly healthy”, while
9.1% as “healthy”. Almost a third (29.7%) of the re-
spondents would describe their lifestyle as “mostly un-
healthy”, while 4.3% as “unhealthy”. As little as 6%

Healthy

Mostly healthy

Mostly unhealthy

Unhealthy

I cannot determine

say they cannot determine. The presence of negative
answers to this question is a positive sign, since it
shows that there are people who realise they do not live
a healthy lifestyle. This awareness and the help of med-
ical specialists can aid them in changing their way of
life for the better.

Figure 4. The respondent’s self-assessment of their lifestyle

In relation to lifestyle, the respondents were also
asked about their risk factors. The results show that the
largest relative share of the participants — 47.7%, list
low physical activity as a risk factor in their life. In sec-
ond place, the respondents put unhealthy eating
(38.8%), followed by tobacco smoking at 36% and al-
cohol consumption at 23%. As little as 17% of the par-
ticipants report that none of these risk factors are pre-
sent in their lives. The sum of the percentages is over

100 since the respondents had the opportunity to indi-
cate more than one health risk factor that’s present in
their lives. The health risk indicators are a matter of be-
havior and may be reduced or fully eliminated by the
patients’ willpower and eagerness, on one hand, and
with the GP’s help, on the other hand. The fact that
those risk factors are indicated and recognized as such
is also a good sign that the need for change is also rec-
ognized.
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Figure 5. The risk factors present in the participants’ lives

Prophylaxis is one of the methods for controlling
risk factors and preventing the occurrence and develop-
ment of chronic non-communicative diseases. In our
country it is predominantly realized by conducting an-
nual preventative health screenings by a GP. We asked
the participants about how often they have had a pre-
ventative health screening with tests done by their GP
(Figure 6). The largest portion of the respondents -
52.8% (220), indicate that they have had such an exam
carried out on an yearly basis, while 18.2% indicate that
they have had a preventative health screening with tests
done every other year. There is a not insignificant num-
ber of respondents who say that they have had a pre-
ventative health screening done once every three years
—14.9%, while 5.5% respond that they have never had
such an exam, and 8.6% of the respondents cannot an-
swer the question. Therefore, it follows that 1/3 of the
participants (29%) do not practice adequate prophy-
laxis, which is a prerequisite for developing chronic

non-communicative diseases. This is most probably
caused by the fact that the main initiative for preventa-
tive health screenings is left to the patients, as indicated
by most of the respondents— 58.9% (Figure 7). Accord-
ing to 31.2% of the participants, preventative health
screenings are initiated by the GP, while a very small
portion point to another physician (4.6%) or an em-
ployer (3.3%) as the main initiator. Based on the ob-
tained results one can conclude that there are changes
needed to motivate patients to have their annual preven-
tative health screenings (for example, using the media,
advertisements and digital technology), on one hand,
and introducing measures (penalties and incentives re-
spectively) among the population, aiming to have those
screening happen on a larger scale. It is also necessary
to provide a detailed explanation of the importance and
significance of these preventative health screenings in
GP’s offices, as well as in public spaces like schools,
universities and in the work environment.

52,8%
18,2%
14,9%
8,6%
T
Every year Every other year Every three years Never | cannot answer

Figure 6. Participants by the frequency of preventative health screenings
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Figure 7. Initiative for carrying out a preventative health screening according to the respondents.

55.6% of the respondents report that they have had
additional preventative health screening performed by
someone other than their GP. Most often this was a paid
health screening and tests - 56.9% of the participants,
followed by a screening though an Occupational Health
Service (OHS) - 19.8% and by an insurer — 15.1%. The
regulated prophylactic screenings performed by the GP
are limited depending on the patient’s age, and those by

Other

Paid preventative health screening and tests

By an insurer (Voluntary health insurance)

By OHS (Occupational Health Service)

OHS by the working conditions, which is probably why
over half of the respondents report paying for a preven-
tative health screening with tests. From the responses,
it becomes clear that a not insignificant portion of the
participants use and take advantage of preventative
health screenings by OHS and voluntary health insur-

ance.

8,2%

56,9%

15,1%

19,8%

Figure 8. Mode of preventative health screening according to the respondents

CONCLUSION

We can draw the following conclusions from the
results presented

1. 77.2% of the respondents rate their health as
“very good” or “good”, which corresponds to large-
scale research in health self-assessment.

2. Almost a third (29.7%) of the respondents rate
their lifestyle as “mostly unhealthy”, while 4.3% rate it
as “unhealthy”, which indicates they are aware of the
present problem and the need for subsequent corrective
measures.

3. The respondents indicate that low physical ac-
tivity (47.7%), unhealthy eating (38.8%), tobacco
smoking (36%) and alcohol consumption (23%) are
risk factors present in their lives.

4. Over half of the participants (52.8%) have
yearly preventative health screening done by their GP,
whereas the initiative is mostly personal (59.5%) or the
GP’s in %5 (31.2%).

5. Paid preventative health screening and tests —
56.9%, screenings by OHS - 19.8%, or by an insurer -
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15.1%, are other modes of preventative health screen-
ing among the participants.

All said so far proves that a not insignificant por-
tion of the respondents need a change in their lifestyle
and the control over risk factors for developing chronic
non-communicative diseases. On the other hand, the
fact the participants give those answers shows that the
patients are aware of the problem. The needed measures
should be taken with the population’s personal initia-
tive, but should also include engaging the medical spe-
cialists and society as a whole. There needs to be a
larger degree of engagement by the GPs and other med-
ical specialists in initiating preventative health screen-
ings. This can happen by providing detailed explana-
tion of the importance and significance of these preven-
tative health screenings.
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It is difficult to assess an invisible skill, but that is exactly the dilemma language teachers face when they test
their cadets abilities to reading. We cannot actually see what is going on in cadets minds when they read, so we
design assessment based on constructs. This article examines current ideas about reading-including its subskills
and strategies- before exploring techniques for assessment.
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Reading is a key skill for the learners of English
language. Our Institute is eager to improve reading re-
sults on examinations. Some of the things we do to en-
sure valid and reliable reading assessment are:

- we cover a range of reading skills from gist com-
prehension to scanning for detail and inferencing for
implied information.

- we choose different text topics and types and
uses several passages per test.

- we employs a range of different task types but
ensures that cadets are familiar with them.

- we expects cadets to distinguish between main
ideas and supporting details.

- we ask cadets to infer the meaning of unfamiliar
words from context.

- we treat grammar as an important part of reading
comprehension.

- we test discourse-level aspects of texts, including
text types and discourse markers.

- we ask cadets to recognize the purposes and au-
diences of texts.

- we encourages critical-thinking skills such as
distinguishing fact from opinion.

What exactly is reading? In daily life, we certainly
encounter a wide range of reading material and tasks,
yet it is difficult to define exactly what we mean by
reading. Is reading mainly taking in new information
with what we already know? Is reading a matter of de-
coding symbols to form words and sentences, or is it
understanding how arguments are presented and recog-
nizing typical texts used for certain purposes, such as a
narrative story or assembly instructions for a bookcase?
In fact when we think of texts, do we think of prose
passages, or do we consider advertisement, maps,
graphs, and cartoons as texts, t0o?

Today most English language teachers would
agree that reading includes both bottom-up skills-rec-
ognizing and making sense of letters, words, and sen-
tences- and top down processing that deals with whole
texts. They would also agree that text applies to both

linear passages of prose as well as a wide variety of
non-linear sources of information such as maps and pie
charts. Reading is widely regarding as an interactive
skill in which the background knowledge or schemata
that the reader brings to the task is constantly interwo-
ven with the new material. There are many processes
involved in reading, but also important are products or
results of reading.

With a skill as complex as reading, it is challeng-
ing to choose what to assess. In his comprehensive
overview of reading assessment, Alderson[ 1,page 47]
argues that the place to start is the target skills we want
our cadets to develop. In a particular teaching setting,
what kind of reading cadets need to do, and what sub-
skills and strategies are important in that context? We
see the construct of reading as a mental model that
translates more abstract theories of reading ability into
tasks that can be operationalized in assessment. Once
we have defined the construct of reading that applies to
our teaching situation and its curricular outcomes, we
can then move on to designing reading specifications
for assessment.

Most language teachers assess reading through the
component subskills. Since it is not possible to observe
reading behavior directly, we can only get an idea of
how cadets actually process texts through techniques
such as think-aloud protocols. For classroom assess-
ment, we normally focus on certain important skills that
can be divided into major and minor reading skills.
These categories are based on whether the skills pertain
to large segments of the text or focus on local structural
or lexical points.

Major reading skills include:

- reading quickly to skim for gist, scan for specific
details, and establish overall organization of the pas-
sage

- reading carefully for main ideas, supporting de-
tails, authors argument and purpose, relationship of
paragraphs, and fact versus opinion

- information transfer from non-linear texts
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- drawing inferences from both stated and implied
content

Minor-enabling reading skills include:

- understanding at the sentence level(vocabulary,
syntax, cohesive markers

- understanding at inter-sentence level(identifying
what pronouns refer to, recognizing discourse markers

- understanding components of nonlinear texts(the
meaning of graph or chart labels, keys, and the ability
to find and interpret intersection points

Vocabulary and grammar

Increasingly, grammar and vocabulary are contex-
tualized as part of reading passages instead of being as-
sessed separately in a discrete point fashion. For exam-
ple, older versions of the TOEFL examination con-
tained a grammar editing section where the cadets had
to identify grammar errors. In the most recent version
of the TOEFL, language skills are integrated, and gram-
mar is subsumed within other skills. Similarly, vocab-
ulary is tested within context in each of the skills. In
other words the cadets skills in these areas are assessed
as they produce written and spoken responses.

However, there are times when it is appropriate to
assess structure and vocabulary separately. Some test-
ers such as Hughes [2, page 138] advocate separate test-
ing of grammar and vocabulary because of the wash-
back effect on learning if these underlying skills them-
selves are not tested. [3, page 172-179]

Remember, washback is the influence of testing
on teaching and learning. If you stress something in
teaching, but you do not assess it, cadets get a mixed
message about its importance. Vocabulary research has
shown that language learners benefit from both explicit
instruction and incidental learning, so if your program
includes an explicit vocabulary —building component,
it clearly makes sense to assess it separately.

Consideration in Designing Tasks

Reading tests use many of the formats discussed
in the article. Recognition or selective-response for-
mats include multiple choice questions, true/false/not
given, and matching and cloze-all formats where the
cadets selects from a range of provided answers. When
we move to gap-fill or short answer formats, cadets
must produce an answer. With these limited production
formats, remember that the emphasis is generally on
meaning. It is clear that the cadets understood the task,
mechanical mistakes such as spelling that do nor inter-
fere with meaning should not be graded as wrong.
However, for authentic tasks such as reading directions
for filling in a form, accuracy is important. Make sure
that your question are written at a slightly lower level
than the reading passages. Reading comprehension
questions should be in the same order as the material in
the passage itself. Mixing up the order of questions sub-
stantially increases the difficulty level. If you have two
types of questions or two formats based on one text
with different colored markers to check that you have
evenly covered the material in sequence. Make all state-
ments positive. If you phrase a statement negatively
and an option is negative as well, cadets have to deal
with the logical problems of double negatives. When-
ever possible, rephrase material using synonyms to

avoid cadets scanning for verbatim matches. Paraphras-
ing encourages vocabulary growth as positive wash-
back.

Texts

There are many sources for reading texts. Texts
can be purpose written, taken directly from authentic
material, or adapted. The best way to develop good
reading assessments is to constantly watch for appro-
priate material. Keep a file of authentic material from
newspapers, magazines, brochures, instruction guides-
any suitable source of real texts. You can find material
on particular topics in an encyclopedia written at an ap-
propriate readability level or use an internet search en-
gine. Whatever source you use cite it properly on the
exam paper as a model of cadets. An exception would
be when you have a question about the source of the
text, such as, Where would you find this reading? With
supplied responses such as an encyclopedia, a diction-
ary, a telephone book, a guide book etc. Another expec-
tation would be if the information is publicly available
in many sources.

Reading texts include both prose passages and
non-linear texts such as tables, graphs, schedules,
maps, advertisements and diagrams. Whenever possi-
ble, present them in a realistic manner. For instance, a
scanning task might involve reading six or seven short
advertisements similar to those in the classified section
of a newspaper. Be sure that all texts are clear and leg-
ible.

Avoid texts with controversial or biased material.
For example, do not use a paragraph with on religion or
international disputes. Although such texts might gen-
erate enthusiastic classroom discussions, they are not
suitable for assessment because they can upset cadets
and affect the reliability of test results. Remember that
texts should be as culturally neutral as possible to avoid
offense. To the end, people in a passage should not be
dating or discussing any taboo subjects.

You should check the language of your reading
texts. This can be done quite easily. At the most basic
levels of second language literacy, it may be important
to focus on decoding skills and the ability to recognize
letters and words. Assessment of early literacy is best
accomplished with the simplest formats that involve
minimal instructions to read, ideally using picture cues
whenever feasible. The focus should be on the content,
not on the complexities of the task. The same holds true
for testing very young learners, especially those who
lack literacy in their first language. Context is espe-
cially important if your focus is on grammar or vocab-
ulary since structures and words do not occur in a vac-
uum. A paragraph that tests structural items or vocabu-
lary is far more valid because the items appear in
context. Moreover, in contextualized gap fills, cadets
can attend to the surrounding words to choose appro-
priate collocations. Here is an example of contextual-
ized multiple choice cloze focusing on certain grammar
points such as articles, prepositions, pronouns, verb
tense, and agreement. It is an example of rational dele-
tion where certain words have been omitted in order to
test specified points.
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Example of Rational Deletion Cloze for Gram-
mar in Context

Read the paragraph, and decide which words from
the chart are best for the spaces.

Mark Twain was one of the most popular writers
in America. His real name Samuel Langhorne Clemens,
and he was born __ 1 1835 in the state of Missouri.
For most of his life, he__2_near the great Mississippi
River, 3 when he was thirty, he traveled to Califor-
nia. He became famous the following year when he
Circle the word that is best for each space.

wrote a short story called “The Celebrated Jumping
Frog of Calaveras County”.After that, he trav-
eled__4 the world and continued 5 writing career.
Twains__6_known book was The Adventures of Huck-
leberry Finn, a story of a young boys life on the Missis-
sippi River. By the 1880, Twain had become _7__im-
portant name in US literature. Even today, long after his
death, Mark Twain_8 famous for his skill at writing
the same way people talk.

Space number Choice a Choice b Choice ¢

1 on at in

2 lived lives living
3 because or but

4 upon around into

5 her his its

6 better best bigger
7 an the a

8 was is be

Source: Adapted from K.S. Folse, Intermediate Reading Practices; University of Michigan Press,2004,p.27
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AHHOTALUSA

B Hay‘{HOfI CTaTbC MNPOAHAIU3UPOBAHBI JOCTOMHCTBA W HEAOCTATKH Pa3IMYHBbIX c11oco6oB NOJIyuCHUA
HaHOBMYHLCPIﬁ, 06CY>K,I[€HLI 1 pacCMOTPCHBI NEPCIEKTUBHBIC 00J1aCTH MX HCIIOJB30BaHUA. BHepBLIe MOoJy4ucHa
HaHOSMYJIbCHS Ha OCHOBC Ha(i)TaJ'IaHOBOFO Macjia. HSy‘IeHLI OINTUMAJIBHBIC MAPAMETPBLI, BJIUAONINC HA [TOJTYUCHUC
nonyqaeMoﬁ HAaHO3MYJIbCHU! TCMHepaTypHHﬁ PEXKUM, CKOPOCTb U BpEMsI NIEPEMCIINBAHNA. 9KCH€pI/IM€HTaJ'ILHO
MPEAJIOKEHA TEXHOJIOTHA MPUTOTOBJICHNUA HAHOOMYJIbCUU Ha OCHOBE Ha(bTaJ'IaHOBOFO Macia. COBpeMeHHI:-IM MeE-
TOJIOM pa30aBJIeHNS BBISBICH THII BIIEPBbIC Pa3pabOTaHHONW HAMM IUIOCKOH HAHOIMYIIBCHH.

ABSTRACT

The scientific article analyzes the advantages and disadvantages of various methods for obtaining nanoemul-
sions, discusses and considers promising areas of their use. For the first time, a nanoemulsion based on naphthalan
oil has been obtained. The optimal parameters influencing the preparation of the obtained nanoemulsion were
studied: temperature regime, mixing speed and time. A technology for the preparation of nanoemulsions based on
naphthalan oil has been experimentally proposed. The modern dilution method revealed the type of flat nanoemul-
sion developed by us for the first time.

KiroueBble cioBa: Ha(l)TaJIaHCKaH He(i)TI), HAaHOOMYJIbCUA, TCXHOJIOTHU TPUTOTOBJICHUSA.

Keywords: naftalan oil, nanoemulsion, technology of preparation.
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Hadranan opranmzoBano BecemupHoe HadTamaHoiede-
Hue B banpHeonornaeckom kypopte [1].

HadrananoBast HedTh oOsiafaeT yHHKaJIbHBIMHU
LENICOHBIMA CBOWCTBAMHM, aHAJIOTOB KOTOPBIM HET BO
BceM Mmupe. [IpuMeHeHne HadTamaHCKOH HETH B Me-
nuuuHe Hadajo eme ¢ 1894 roga. B HayuHo#l Meau-
He 0 HadTanaHe omy6nukoBaHo cBbie 2200 Hay4-
HBIX CTaTeW, MEIUIIMHCKUX PEKOMCHJIAIIMA, MOHOTPA-
(wuii, TOKTOPCKUX U KaHAWAATCKUX AUCcepTarmii [4-6],
KOTOpbIEC HAILTN IPIMEHEHNE KaK B HATUBHOU (hopme,
TaKk ¥ B BUIE 00eccolieHHOTo Oenoro HadTamaHOBOTO
Mmacia [3].

Ha ocHoBe paduHHpOBaHHOTO HadTanaHa C MET-
pOJICYMOM W TIapa)MHOM H3BECTHBI JICKAPCTBEHHBIC
mpernapaThl, HCIOJIb3yeMbIe B iepMaroiioruu [7].

HadTananoBoe mMacio pacumpsieT KpOBEHOCHBIC
COCYJIbI, yIyYIlIaeT PEOJOTHMYCCKHE CBOWCTBA KPOBH,
CHIDKACT MPOIECCHI IEPSKUCHOTO OKHUCIICHUS JIUITUJIOB.
Ilox BmusHHEM mnpemapara YCHIMBACTCS HHTCHCHUB-
HOCTBh Pa3HBIX BHIOB MeTa0ONM3Ma, IOBBIIIACTCS aK-
TUBHOCTh (DEPMEHTATHBHBIX IIPOLECCOB, YTO COIPO-
BOXKIAeTCsl MHTCHCU(UKAIe oOMeHa OeITKOB U HyK-
JICMHOBBIX KHCJIOT M CTUMYJAIMEH BceX (QYHKIHH
opraauzMa. OHO o0NazaeT MMMYHOKOPPHUTHPYIOIITUM
JIEHCTBUEM, BCIICICTBHE YeT0 OKA3bIBaeT ONOCTUMYIITH-
pytolee, MPOTUBOBOCHAIUTENBEHOE U JIECEHCHOMITH3H-
pyroiiee MecTHoe aedicTBue. HadramanoBoe macio
HAIIUIO MPUMEHECHUE B PEBMATOJIOTHH — JUISI JICUCHUS
MOJIMAPTPUTOB  PA3IUYHOW ITHUOJIOTUH, OCTEOXOH-
JIp0o3a; B HEBPOJIOTUU — JJIS JICUEHUS LIEHHO-TPYTHOTO
U TOSCHUYHO-KPECTIIOBOTO PAIUKYJIHTOB, OONE3HI
BexTepeBa, TpaBMaTHYeCKHX IMOBpEXICHUN mepude-
PUYECKUX HEPBOB, MUCITUTA H IPYTHX 3a00JIeBaHUI 11e-
pudepuIecKoil HEpBHOW CHUCTEMBI; B XUPYPTHHA — IS
nedeHuss TpomOodueduTa, IHIApTEpUUTE, TpOodUIe-
CKHUX 513B, 03KOTOB, OTHECTPEIHHBIX PaHEHHIA U 3a00.re-
BaHUH JKEJTYIOYHO-KHUIIIEYHOTO TPAKTa, B CTOMATOJIO-
MU IS JICYCHUS TaPOJOHTO30B; B THHEKOJIOTHH IS
JICYSHUS] BOCHIAINTEIIBHBIX IMPOIECCOB, Oecruionus, a
Tak)Xe B KOCMETOJIOTHH B COCTaBE KPEMOB, TeJIeH, IIIaM-
nyweii [1, 3, 8-13].

Hamu Ha ocHOBe HadTamaHckoi HedTH paspado-
tanbl EBpasuiickue narentsl: ['eiinaposa P.M., Benu-
esa M.H., EBmaes A.., Bemnes I1.M., Azumona I'.3.
«CpenctBo 1y JIeYeHUs THHEKOJIOTHIECKUX 3a00IeBa-
Hui» EBpaswmiickuit marenr Ne (022793 31.03.2016;
T'eitnaposa P.M., Beauesa M.H., EBgaes A.S1., Benues
I1.M. «CpenctBo, obnamaromniee IpOTHBOTEMOPOUHBIM
neiicreuem» Ne024167 31.08.2016; I'eiimaposa P.M.,
Benmunera M.H., Esnaes A .., Benuer [1.M. «Jleue6-
HBIN COCTAB IS MPOMUITAKTAKY U JICUCHHUS TICOPHUA3a)
Ne3033620 11.11.2019 koTopble yCIHEIIHO MPUMEHS-
IOTCS B MEIUIIMHCKOM IPAKTHKE, TaK Kak jedcOHas
HaTamaHoBas HeTh OKa3bBa€T MHOTO0Opa3HOE TO-
ne3Hoe (papMaKoTepaneBTHYECKOE BO3ICHCTBHE HA Op-
ranm3M dYenoBeka. OONamaeT NPOTHBOBOCIIAIHTEb-
HBIMH, 00€300JIMBAONIUMH, PAHO3KHUBILTIONIMMA |
pSAIOM IPYTUX NEHCTBUM, KOTOPBIC HA3HAYAIOT IPU
KOXKHBIX 3200JICBaHHSAX IICOpUA3, HEHPOICPMUT, aTo-
MUYECKUE IEPMATHTHI, IEPMATO3BI PA3THYHOTO MIPOHC-
xoxaeHus [1-3]. OtnensHO omydeno Oemas Hadrama-
HOBBIE MAacji0 Ha OCHOBE KOTOPOTO pa3paboTaHbBI P
TOMEOTATHYECKUX IIPEIapaToB.

HadrananoBoe mMacino Takxe OKa3bIBa€T Ha Opra-
HHU3M IPOTHBOBOCHAIIMTEIFHOE, MECTHOAHECTE3UPYIO-
miee, paHO3aKUBIISIOIIEE, COCYIOpaclIupsIoIiee, Je-
CeHCHOMITM3MpYIOIIee, MPOTHBOMUKPOOHOE, (YHTHU-
LUAHOE, MHCEKTUIJHOE U Jpyrue JeicTBus.
YcraHoBIEHO, 4TO Ha) TAIIMHOBOE MAcjo XOPOIIO BIIH-
sieT Ha OPraHu3M U MOBBIIIACT €ro OOIIYI0 peaKTHB-
HocTts [10].

[lpyarMasl BO BHUMAaHHE BBIIMICH3JIOKCHHOE U
BO3pAcTalOMINi HHTEpEC K MPOAYKTOM Ha(TaraHOBOH
He(TH B OONBIIMHCTBE CTPaH MHpPa, MOKHO CKa3athb,
YTO aKTUBHBIE MCCIICIOBAHNS B 3TOM HAIIPABICHUH HE
TOJBKO AaKTyaJbHBI, HO @K€ BECbMa HEOOXOIMMBI.
Y4uThIBas MIUPOKOE PA3HOCTOPOHHEE UCIOIb30BaHUS
HadTanaHa B MeEAWIMHE HAMU IIOCTAaBJICHO WEJbIO
MIPEUIOKUTh HOBYIO COBPEMEHHYIO JIEKapCTBEHHYIO
(opMy B BU/ie HAHOIMYJIBCUH, YTO U TIOCITYKHIJIO OCHO-
BaHHEM JUIsl HACTOSIEH HAyYHOH CTaThU.

MATEPHUAJIBI U METO/IbI
HNCCJIEJOBAHUSI:

PeakTuBbl M MaTepuanbl. i1 nojgyyeHus: Ha-
THUBHOW HAHOAMYJIBCHHY HCIIOJIB30BAJIH CIIEIYIOIINE pe-
aKkTUBB: HadTamaHoBas paduHUpOBaHHAS HE(DTH,
Macio HadraraHOBOE, BOJA OYMIICHHAs, MOHOOJEAT
copbutana (Tween 80). HumarmH mpuMeHsuics Kak
BCIIOMOTaTeIbHOE BelecTBO. [Ipu 3TOM peakTHBHI He
MOABEPTaJInCh JalbHEHIIEH OUNCTKE.

MeTtoas! ucciaenoBanus. MccnenoBanue Kamenb
JUCTIEPCHON (ha3bl B IUIOCKMX HAHOAMYJIBCHSX, TIOJTY-
YEHHBIX HAa OCHOBE HA()TAJIMHOBOTO MAaCJIa, IPOBOIUIN
TaKUMH METOAaMH, KaK JHHAMHYECKOE CBETOpAacces-
Hue, nuddepeHranbHas CKaHUPYIOmas KOJIOPUMET-
pUs, TOJAPU3AIMOHHAST ONTHYECKas MHKPOCKOIIHS,
JIEKTPOHHAS MUKPOCKOITHSL.

OBCYXJIEHUSA MATEPHUAJIOB
HNCCIEJOBAHUSA.

[Ipuponnoe MuHepambHOE OorarcTBO A3zepbaii-
JDKaHa - HadTanaHoBas He()Th MMEET CIOXKHBIA (u-
3UKO-XUMHUYECKHUII COCTaB: 3TO CMOJMCTHIN, Majocep-
HHCTHIH, OecnapaduHoBbIl HedrenpoaykT. ConepKuT
JocTaTo4HOe KojmdecTBo cMmoibl (14%) u obpasyer
CTaOMIIBHYIO AMYJbCHIO IPH CMELINBAHNH ¢ BOJOH [9].
Untepec k HaHoOMynbcusiM (HD) HEeyKIIOHHO pacrter,
TaK KaK 3TH JUCHEPCHBIE CHCTEMBI EPCTIEKTHBHBI IS
WCIIONIb30BaHM B KadyecTBE CPEJCTB AJPECHOM J0-
CTaBKH JIEKAPCTB M OMOJIOTMYECKH aKTHBHBIX COEIUHE-
HUIL.

B HacTosiee BpeMst H3BECTHBI [iBa METOA MX O-
Jy4EeHHUS - BBICOKO-, HU3KODHEPT€THUECKUI U KOMOU-
HUPOBaHHBINA. K BEICOKOIHEPTeTHUECKUM METO/IaM OT-
HOCATCSI MEXaHMUYECKOE TUCIIEPTUPOBAHKE, TUCTIEPTH-
pOBaHUE MO ACHCTBHEM YIIbTPa3BYKa, TOMOTCHHU3AIINS
T0JT JABJICHUEM, B TOM YHCIIE MUKPOQITIOUTHBIE U MEM-
OpaHHBIE METO/IBI; CPE/IM HU3KOIHEPTETHIECKUX METO-
JIOB 0c000€ BHUMAHHE YAEISIOCh METOJaM HHBEPCUHU
(a3, caMOIPON3BOJIBHOTO AMYJIbTUPOBAHHS IPH H3Me-
HEHHMH COCTaBa WJIM TEMIIEPATyphl CUCTEM; KOMOWHH-
POBaHHBIE, BBICOKO- M HU3KOYHEPI€THUECKUE METOJIbI
MO3BOJISIIOT MOJIy4aTh OOpaTHbIE HAHO3MYJIbCHU B CH-
CTEMax € BbICOKOH BSI3KOCTBIO.
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B Hawane OblTa mocTaBieHa 3aa4a IPUTOTOBIIE-
HHS pPacTBOpa HAHOIMYJIBCHH B JIAOOPATOPHBIX YCIIO-
BUSIX U HCCIECIOBAaHHE ONTHUMAIBHBIX I1apaMETPOB,
BIUSIIOUINX HA ee nosydeHue [9].

Brwusinne Ha pa3smep Kanenb JIUCIepcHOH (a3bl B
HAHOAMYJIBCHUSIX HCCIIEIOBAIN U TPOBOJMIM MHKPO-
ckonrueckumu Metogamu [10].

CKOpOCTb NepeMeInBaHusl MOKET BIHMATH Ha pa3-
Mep Kallelb JUCHepcHoil Ga3sl B HAHOAIMYIbCHUSIX, I10-
JyYeHHBIX METOIOM TEeMIIepaTypHOH HHBEpCHH (a3.

ABTOpBI CTaTbH OTMEYAIOT, YTO IIPHU HEJOCTATOYHO BbI-
COKHX CKOPOCTSX IepEMELIMBAHUS B IOJTyYCHHOM
9MYJIBCHH MOJKET ITPOUCXOAUTD JIpolIieHue Kamelb. B
HacTrosmed paboTe U3y4aroch BIMSHHUE WHTEHCHBHO-
CTH NEepEeMEIINBaHUS Ha TMaMeTp Kamlesb JTUCIIEPCHOM
(bassl.

B xozme nmpoBeneHHBIX HCCIENOBAaHUN M3y4ajoch
BJIMSIHME WHTEHCHBHOCTH NEPEMEIIUBAHUS HA pa3Mep
Karenb nucrnepcHoit ¢asel. [loaTromy OBLIH BHIOpaHEI
ONTUMAJIEHBIE TEXHOJIOTHYECKUE MTapaMeTphl, BIIHUSIIO-
[I¥e Ha MMOTyYeHre HaHOAMYIbCHH (Tabm. 1).

Tab6muma 1.
OnruMasbHbIC MAPAMETPhI, BIUSIOIIUE HA MOJTyYCHHE HAHOIMYJILCHH.
ITokazarenu TexHoJIOTHYECKHE TapaMETPhI
TeMmepaTypHbIH peKHIM 25°C 40°C 50°C 60° C 70°C
CKOpOCTS TIepeMemMBaRTA 1 mum. / 1 mumn./ 1 mun./ 1 mumn./ 1 muH.
300 06. 3000 06. 2000 06. 1000 06. 400 o6.
Bpewms nepemenuBanust 15 muH. 25 MuH. 45 muH. 60 muH. 90 muH.

HccnenoBano BIUSHUE MHTEHCUBHOCTH IEpeMe-
IIMBaHUsl HAa pa3Mep Kareib JucriepcHoil ¢asbl. Pas-
MEpBI Karenb TUCTIEPCHOH (pa3bl B HAHOIMYIIBCHSIX 3a-
BUCAT OT HHTEHCUBHOCTH TIepEMEIITBAHMSI.

DKCIepUMEHTATbHO HUCCIIEIOBAHO BIIUSHUE TIEpe-
MEIIMBaHUS Ha TUAMETp Karelb AUCIepcHOH ¢a3el. B
JAaHHOH paboTe ¥cciIeoBaIach HAHOAMYIIBCHS, CONIEp-
xammas 20% (00.) HadrammHOBOTO Macia u 10% (006.)
TBuH-80. KOMIOHEHTH HAHOAMYJBCUU CMEIIMBAIU

0, MM

npu 25°C B TPaHCMUCCHOHHOM CMECHUTEJIE CO CKOPO-
cteto nepemeruBanus 100-3000 o6/MuH, pu 3TOM €
MTOMOIIIBIO MTEPUCTAIETHUECKOT0 Hacoca 1o KaIuIaM J10-
6aismu 0,17 M iucTHILIMpoBaHHOM Boabl. Tak, ana-
METp Karelb JUCHEPCHON (a3bl Pe3KO YMEHBILAIICS C
5000 no 1000 HM mpu yBENUYEHUH CKOPOCTH IepeMe-
mmBanus oT 150 1o 300 06/mun. B nrTepBane 300-500
LUKJIOB/MUH AWaMETP Kareslb TUCIICPCHOH (a3bl mpak-
TUYECKU HE MEHsUICA W Haxomwics B mnpexaenax 1300-
1500 aM (muarpamma 1).

HUumencusnocmo nepemeuiueanus, 006./Mun

Huacz. 1. 3asucumocmo pazmepa kaneib OUCNEPCHOU (azbl OM UHMEHCUBHOCU NePEeMEUUBAHUS.

Tak, nmpyn mHTEHCHBHOCTH nepeMernmBanus 300-
500 06/MuH OBUTH MTOJTyYeHBI HANMEHBIIINE KATLTH JTUC-
nepcHoi (aszpl. Cemryer OTMETUTh, YTO M B JAHHOM
cilydae MPOMCXOIHIIO 00pa30BaHKUE SMYJIbCHI C OTHO-
CUTEJIbHO KPYIHBIMH KaIUIIMH, [T03TOMY OBLIO ITPOBE-
JICHO HWCCJICIOBAHME BJIMSHUS TEMIIEPATyphl Ha IIHC-
MeprUpOBaHUE IMYIIbCUH. BiusHue Temmeparypbl Ha
pasMep Karenb AUCIepCHOW (ha3bl SMYIbCHUA B TIPO-
recce MoJydeHHs HaHOAMYJIbCHH H3MEPSUId B TPaHC-
MHCCHOHHOM CMECHTENIE CO CKOPOCTHIO IepEeMeEIInBa-
nust 400 06/muH 1ipu Temmnepatype 25-70°C. Jlo6as-
Jsm o karusiM 0,17 MIT TMCTHITMPOBAaHHYIO BOIY C

MIOMOIIBIO TIEPUCTANBTHYECKOT0 Hacoca (v =
MJI/MUH).

Konnentparus Tween 80 cocraBiser 10% (1o
obvemy). M3 mpepcraBieHHBIX TOKa3aTelieldk MOXKHO
CleNaTh BBIBOJ, YTO AWAMETp Kameidb TUCIIEPCHOU
(a3pl pe3Ko yMEHBIIAJICS TPHU MOBHIMICHUH TeMIepa-
Typsl oT 13 nmo 20°C, nuameTp Kameiab B UHTEpBale
temreparyp 20-40°C Ob11 paBen 225-285 HM, pa3mepsl
Karenb YBEeIHYUBAIOTCA IpU TeMmepatype Boiiie 40°C.
Tak, cpenHuii AuaMeTp Kamneiab JUCHEPCHON (a3bl pH
KoMHaTHOH Temneparype 20-25°C ObUI HAMMEHBIINM
(muarpamma 2).

2,5
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JHuae. 2.
3asucumocms pasmepa kaneib OUCNEPCHOU (azbl Om MemMnepamypvl RPUSOMOBIeHUS. HAHOIMYIbCULL.

3areM M3ydanu pacupesiesicHHe Karelb AnUcIepc-
HOH (ha3bl 10 pasMepy B HMYJIbCHH, CTAOMIN3UPOBAH-
HoOUl TBUHOM-80, B TeueHue 15 MUH MpU CKOPOCTH Iie-
pememmBanus 3000 06/MUH. DMyJIbCHH C MeNbYaii-
MIAMH KaIUIIMH TOJTydalld TUCIICPTHPOBAHUEM CMECH
20 % nadTamuHOBOTO Macia, 10 % ITAB (TBun-80) u
70 % nuctumupoBaHHOK Boabl npu 25°C.

HccnenoBanust OKa3ajiy, YTO B HAHOAIMYJIbCHUSX,
CcTaOMITM3UPOBAHHBIX TBUHOM-80, HMeEeTCsl TOJBKO
OJIMH MaKCUMYM B pacHpefesIeHUH Kalelb 10 pa3Me-

a) 10/0,25 (160/-) auxcn

pam. Co BpeMEeHEM TNOJIOKEHHE MaKCUMyMa CMECTH-
JIOCh B CTOPOHY OOJNBIINX IIEH. DTO emle pa3 M0Ka3bl-
BaeT MPABIIHHBIN BEIOOp AMYIIBraTopa.

OmnpenencHue pa3Mepa Kamellb AUCIEPCHON (a3bl
HAaHOAMYJIBCUM Ha OCHOBE HA(PTAIMHOBOTO MAacCIa.
N306paskeHust OBLTH HOTYYCHBI IO MUKPOCKOTIOM IIPH
32-kpaTHOM yBenUueHHH. VcCleayeMyo 3MYIIbCHIO
pacnpenensin B Bune ToHkoro cios (0,05 r) mexmay
JIByMSI ONTHYECKUMH CTeKJIaMu TommuHoi 0,3 MM u
MPOCMATPHUBAIN B MPOXOMASAIIEM CBETE MHKPOCKOIIA.
PeSyHLTaTbI, TOJIYUCHHBIC HCCIICAOBaHUA, MPEACTAB-
JIeHBI Ha puc.1-3

b) 10/0,25 (160/-) atxcx

Puc. 1. Obvexmugnblii 610 3MYTbCULL MUNA MACTIO0/800d, NOTYHUEHHBIX HA HAYATLHOM Mane noo MUKPOCKONOM,
cocmasasiem 10/0,25 (160/-) mxm.
@) IMYIbCUSL, NOTYHUEHHASA U3 PAYUHUPOBAHHO20 HAYMATUHOB020 MACIA,
0) 3MybCUL, NOYHUEHHA U3 OeMaAPUHUPOBAHHOU HADMATUHOBOU HepmU.
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a) 10/0,25 (160/-)

b) 10/0,25 (160/-) txca

Puc. 2. Ob6vexmusnbiii 6u0 smybcuii nod Mukpockonom npu memnepamype 40°C.
@) IMYIbCUSL, NOTYYEHHAS U3 PADUHUPOBAHHO20 HADMATUHOBO20 MACIA,
0) 3MYIbCUSL, NOJYHEHHAsL U3 OeMAPUHUPOBAHHOU HAPMATUHOBOU Hedmu.

a) 10/0,25 (160/-) mxm

Puc. 3. Obvexmuenwiii 6u0 amynvcuti, Hazpemoix 00 memnepamyput 100°C nood muxpockonom.
@) IMYIbCUSL, NOTYYEHHAS U3 PADUHUPOBAHHO20 HADMATUHOBO20 MACIA,
6) 3MYIbCUSL, NOJYHEHHAS U3 OeMaPUHUPOBAHHOU HAGMAIUHOBOU Hedmu.

Pe3ynbTaThl IPOBEICHHBIX MCCIIEI0BAHUH 1TO3BO-
JSIIOT yCTaHOBWTH, YTO Pa3Mep YacTHI[ Karelb Jc-
NepcHOM (ha3bl HAHO3MYJIILCHUH THIIA MACIIO/BOJIA, TTOJTY-
yeHHOU n3 cMecu 20 T papHUPOBAHHOTO Ha()TAIIMHO-
BOro macia ¢ TBuHoM 80, coctasisiet 2 MkM. [Ipouecc
OCYIIECTBIISUICS. B BEHTHIBHOM T'OMOTEHH3aTOpe U CO-
CcTOsl M3 JByX craguil. Ha mnepBoM 3Tame moToku
AMyJIbCUU M3rubanucek nox yrioMm 90° ot HayaIbHOTO
HanpaBieHus IBxeHus. KnamaH-aBToMar mo3BosseT
W3MEHITh TOJIIIMHY OTBEPCTUS 3a CYET H3MEHEHHs
CKOPOCTH TOTOKOB 3MYJIBIHPYIONIEH XKHUIKOCTH U 3a
CYeT JaBJICHHUS, CO3/JaBaeMOro B ammnapate. [ oMoreHu-
3aTOPBI 3TOTO THIa paboTar0T HeTIpephIBHO. Pasmep Kka-
eb B TIOJTyYEHHON SMYJIbCHH 3aBUCHUT OT KOHCTPYK-
MM KJIalmaHa ¥ BBITYCKHOTO OTBEPCTHS, BS3KOCTH
SMYJIBTUPYIOIIUX CUCTEM U JAABICHHUS, CO3aBAEMOr0 B
anmapare. Tak, TOIIMHA MEXAy MOPIIHEM U BBIXOJ-
HBIM oTBepcTHeM cocTaBiseT 10-100 mMxM, Toraa Bo3-
HUKAaeT OYEHb BHICOKAS CKOPOCTh JBIDKEHUS JKUAKO-
cTeit B mpeaenax coter M/c [9, 10].

Bpems mpeObiBaHNS SMYJIBCHH COCTAaBIISIET He-
CKOJIPKO MIJITUCEKYH/. B CBSI3U ¢ ’THM BO3HHKAET BO-
mpoc o ckopoctH anacopommu [TAB. Ecnu ckopocTs aj-
copbunu [TAB MeHbIle CKOPOCTH KOAJICCIICHIIUHN Ka-
nenb, TO TMOCIE BBIXOJAa U3 30H TOMOTEHM3ALUU
SMYJbCUHA B MPUCYTCTBHM JOCTaTOYHOIO KOJIMYECTBA

b) 4/0,10 (160/-) mxm

[TAB 0yznet nmpoucxoauTh 00pa3oBaHKe Jake HAHOPa3-
MEpHBIX Karenb U X pocT. HecMoTpst Ha TO, 4TO 3¢h-
(PeKT KoaJeCCHIINH SBHO CHIXKAETCS MPU HCIOIb30-
BaHUU OBICTpO ancopOupyromerocs [1AB, ero Hexp3s
TIOJTHOCTBIO YCTPAHUTD. B CBSI3HM ¢ 3TUM HCHONB3YeTCs
MHOTOKpPAaTHAs [UPKYJISINS SMYIbCHI U3 TOMOT€HH3a-
Topa. B ycnoBusix 3¢ GexkTHBHON cTaOWIH3aIMKi HAaHO-
SMYJIBCUH MOTYT UMETh OTHOCHTEIBHO BBICOKYIO KHHE-
THYECKYI0 cTaOMIBHOCTH. CTabuian3anus HAaHO3MYJIb-
cuil TpedyeT He3HaunTeNnbHOU KoHIeHTparuu [TAB mo
CPaBHEHHIO C TOW, KOTOpast HeoOxoauma ISl ToJryde-
HUST MUKposMmyibcuil. Huskoe xommdectso ITAB B
HaHOAMYJIbCUSIX IIO3BOJIICT 3HAYMTENBHO CHHU3HTH
HeratuBHoe BiusiHue [IAB npu npaktuueckom wuc-
MOJIb30BaHNHU TaKUX SMYJIBCHI B (apMaleBTHIECKOH,
KOCMETHYECKOH, MUIIEBON U APYTruX OTpacisx Ipo-
MBIIIJIEHHOCTH. MBI pemwim 3Ty npodiiemy, o0benu-
HuB ITAB u smynsrarop B Tween 80.

[ onpeneneHus THIIA ITOJTyYeHHBIX HAHOIMYJTb-
CHI HCIOJIB30BAIM METOJ pa30aBlieHHUs, OCHOBAHHBIN
Ha 100aBJICHUU B SMYIBCHIO HEOOIBIINX KOIUIECTB
KUAKOCTEH, 00pa3yronmx 0HY U3 (a3 HAaHOIMYJIIbCHH.
JKunxocts B/M (Bosa-mMaciio) M/B (Macio-Boja), CuuTa-
IOIIAsICSl TUCTIEPCUOHHOM CpeloH, JIeTKO pa3daBiseT
HaHO3MYJIbCHIO, a AUCTIepcHast (ha3a — HEeT. YUNThIBas,
YTO B HAIIMX HCCIEIOBAHMAX KaIUIM HAHOAMYJIbCUU
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PaBHOMEpPHO pacCIpeeNieHbl B BOJE, MBI pacCMaTpH-
BacM €€ KaK IUIOCKYI0 HAaHOAMYJIbCHIO. Takum oOpa-
30M, HaMH BIEPBBIC IpPaKTUKE (QapMaleBTHUECKON
TEXHOJIOTUH pa3paboTaHa HAHOIMYJIBCUS Ha OCHOBE
HadrasaHcKkoi He(pTH C COBpEMEHHOI HIeHTHU]HKa-
el KaK IUIOCKas HAaHOAMYJBCHS, YTO Jenaer eé
BECbMa BOCTPEOOBAaHHOW B TNPaKTUKE IMPOM3BOACTBA
Je4e0HO-KOCMETOJIOTHYECKHX M (papMalleBTUUECKUX
cpeactB. OTOENBHO HAHOIMYJIBCHUS MOXET CIYXKHTb
OCHOBOW /ISl IPUTOTOBIICHNS! MHOTHX ITHIIEBBIX MPO-
IYKTOB ¥ B IPYTUX HAPOAHO-XO3SIHCTBEHHBIX IETIIX.

BriBoOabI:

1. TIpoaHamu3upoBaHBI IOCTOMHCTBA M HEMO-
CTaTKH Pa3IMYHBIX CIIOCOOOB MOJIYYESHUS] HAHOIMYJIb-
CHiA, 00CYKIEHBI U PACCMOTPEHBI MIEPCIIEKTUBHBIE 00-
JIACTH UX MCIOJIB30BAHUSL.

2. Bmnepsble nony4yeHa HAHOAIMYJIBCHUSI HA OCHOBE
HadrasaHoBoro mMacna. M3y4eHsl onTHMalbHbIE Mapa-
METpBI, BIUSIONINE Ha MOJyYeHUE TOTy4yacMOi HaHO-
SMYJIBCHH: TEMIIEPATYPHBIN PEKHM, CKOPOCTH U BpEMs
HepeMeIIBaHus.

3. DKCIepUMEHTAIBHO MPEUIOKEHA TEXHOIOTHS
MPUTOTOBJICHUS] HAHOIMYJIECHH HA OCHOBE HaTanaHo-
BOTO Macia.

4. CoBpeMEHHBIM METOZOM pa30aBIICHHS BBISB-
JICH THII BIIEpBBIE pa3padOTaHHON HAMU IJIOCKON HaHO-
OMYJILCHU.
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TECHNICAL SCIENCES

I'PAHUIBI HCIIOJIb30BAHUS TEOPUH IVIAT ITPH PACYETE KEJIE3OBETOHHBIX
HEPEKPBITUHN

Aszuzoe T.H.
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LIMITS OF USING THE THEORY OF PLATES IN THE CALCULATION OF REINFORCED
CONCRETE SLABS

Azizov T.,
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Uman, Ukraine

Kochkarev D.

Doctor of Eng., Prof.
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AHHOTAIUA

Rivne, Ukraine
DOI: 10.5281/zenodo.7680288

IToxa3zaHo, 4TO Ul INIOCKUX KOHCTPYKIUM, 3aIPy>KEHHBIX HHTEHCUBHBIMU KPYTALIMMU MOMEHTAMU, UCIIOJIb-
30BaHHE IUIOCKUX KOHEYHBIX 3JIEMEHTOB MOXKET NIPUBECTH K omuOKaM. IlepemenieHns B TaKOM Cllydae onpeaess-
I0TCSI IOCTaTOYHO TOYHO, a8 3HAYEHHSI KPYTSLIMX MOMEHTOB UMEIOT OOJIbIINE MOrpeInHOCTH. [Toka3aHbl IPUYUHEI

TAKOTO0 HECOOTBETCTBHS U CIIOCOOB! YCTPAHEHUS OIIHOOK.

ABSTRACT

It is shown that for flat structures, which are subjected to large torques, the use of plate finite elements leads
to errors. The displacements are determined quite accurately, and the torque values have large errors. The reasons
for such a discrepancy and ways to eliminate errors are shown.

KiroueBble ciioBa: TIEPEKPBITUC, KpYT}IH.[I/Iﬁ MOMCHT, IIlIaCTHHAa, ME€TO KOHCYHBIX 3JICMCHTOB, KaCaTCJIbHbIC

HalpsI’KECHUA.

Keywords: overlap, torque, plate, finite element method, shear stresses.

AHau3 MccJIeI0BaHNii U MOCTAHOBKA 3a/1a4H.

B nHacrosiee BpeMs IpH IPOESKTUPOBAHHUH TIepe-
KPBITHH HCTIONB3YIOTCS, KaK MPaBHJIO, MPOrPaMMHEIE
KOMILJIEKCHI, B KOTOPBIX PEalM30BaH METOJ{ KOHEUHBIX
anemenToB. K takum mporpammam otHocstes Lira,
Skad, Ansys u 1p.

[Ipu MoaenupoBaHUU NEPEKPHITUE, KAK IPABUIIO,
MOJEIUPYETCS] IUIOCKMMHU KOHEYHBIMH 3JIEMEHTaMHU
TOHKOW TUTUTBHI MU 000JI0ukH [5-9]. B GonbIIMHCTBE
ClIydaeB Takoe MOJIEJIMpOBaHue ompasaaHo. OmHako,
HUMEIOTCS Pa3IMUHbIE CXEMBI HAarpy>KEHHs, B KOTOPBIX
HCIIOJIb30BAaHNE TEOPHH IUIUT NMPHUBOAWT K OIIHOKaM
BblUHCIeHU yeuiuid. K Takum cxemaMm MOXHO OTHe-
cTH OaNKOHHYIO IUIMTY, Harpy>XeHHYIO HepaBHOMEp-
HOW HAarpy3KO#, IUTOCKOCTHBIE 3JIEMEHTHI, paboTaro-
IIMe Ha U3TH0 C KPyUCHUEM U TIp.

IIpu 3TOM NepeMereHust KOHCTPYKIUH OTpeaes-
IOTCSl JOCTaTOYHO MPABUIBHO, @ KPYTSIIUE MOMEHTHI
OKa3bIBAIOTCS 3HAYUTEIBHO MEHBIIUMU 10 CPABHEHHIO
C YCHJIMSIMHU, OTIPEJIENIEHHBIMU C UCTIONBb30BaHHEM BbI-
paxkenuil Teopun ynpyroctu [3, 10]. He yuer storo

(axTopa MOXXET NMPUBECTU K OLIMOKaM MPOEKTHPOBa-
HUSI, UHOTJIA U CYIIIECTBEHHBIM.

Kpome Toro, npu pacuere kapkaca 31aHHS C KO-
JIOHHAMHM ¥ MOHOJIUTHBIMH Kelle300eTOHHBIMH Iepe-
KPBITHSAMH, KaK IPaBHIO, KOJOHHBI MOJAEIHPYIOTCS
CTEP>KHEBBIMH KOHEYHBIMH JJIEMEHTAMH, a IEPEKPHI-
TUS — IIOCKUMH [5]. B 3TOM ciyuae Takke pe3ysibTaThl
pacyera HE OTBEYAIOT JEHCTBUTENBHOCTH B YacTH
HaJIM4usl KPyTAIIMX MOMEHTOB B KoyIoHHax. [ToaTomy
NPUMEHEHHE IUIOCKMX KOHEYHBIX 3JIEMEHTOB JOJDKHO
OBITH KaXIbIH pa3 000CHOBAHO MPH MPOSKTUPOBAHUH.

B cBs3u ¢ BbIIECKa3aHHBIM 1eJdbI0 HACTOSILIEH
CTATBH SBISETCS 000CHOBAHHE OIMUOOK MPOSKTUPOBA-
HUS U OTIpe/Ie]IeHNe TPAHUI] HCIOIB30BAHUS ITIOCKUX
KOHEUYHBIX JIEMEHTOB NPH IPOSKTHPOBAHNH MTEPEKPHI-
TUH ¥ KapKacoB 3/1aHUM.

N3n0:xeHne 0CHOBHOT0 MaTEpHAJIA.

PaccmoTpuM cXxeMy KOHCOJIBHOTO 3JIEMEHTa
(Hanpumep, OAIKOHHOHN IUINTBHI), K KOTOPOMY HE CHM-
METPHYHO NPUIIOKeHA Harpyska (puc. 1).


https://doi.org/10.5281/zenodo.7680288
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Puc. 1. Cxema KoHcONbHOU NAUMbL C HECUMMEMPUYUHOU HASPY3KOU

B Tako#i cxeme kpome u3rubarommx OyayT neu-
CTBOBAaTh U KPYTSIIFIE MOMEHTHI, KOTOPBIE JIETKO OIpe-
Jgenutb. ONHAKO MCIONb30BaHUE IUIOCKUX KOHEYHBIX
3JIEMEHTOB MOXKET IIPUBECTH B TAKOM CIIy4ae K CEpbe3-
HBIM OIIMOKAaM B YaCTH OINpPEICNICHHUs KPYTAIUX MO-
MEHTOB.

JAnst HarTSITHOTO TIOSICHEHUS! TIOTPEIIHOCTEH TIpH
OTIPEIETICHUH KPYTAIINX MOMEHTOB 1 HCKITIOUCHUS U3-
rHOAOUIMX MOMEHTOB pPacCMOTPUM  KOHCOJIBHYIO

TUTUTY, 3arPyKEHHYI0 KPYTSAUIUM MOMEHTOM B BHIE
napsl cwi. B Takom ciyuae OyInyT NMpUCYTCTBOBAaTbH
TOJIBKO KPYTSIIUE MOMEHTHI. M3 Teopun KpydeHUs u3-
BECTHO [3], UTO MpHU JOCTaTOYHOM YJAJEHUHU OT Kpaes
BJIMSIHUEM UCKPHBIICHHS CEUCHUS MOXKHO MPEHEOPEUb.

Mopens KOHCOJNBHON IDIMTHI C IMPUMEHCHHEM
IUIOCKUX KOHEYHBIX JJIEMEHTOB IIPEICTAaBIICHA Ha
puc. 2.

Omropa M 10 1-1

6)

M = const

Puc. 2. Koneuno-snemenmuas mooeib noiocwl u anopa KpymAawmux MOMeHmoe no ce1eruro
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Cxema Ha pHC. 2. CMOJAEITUPOBaHa B Iporpamme
LIRA-SAPR. Ecnu paccMOTpeTh pacrpeelieHue Kpy-
TSIIUX MOMEHTOB Myy 110 CEUEHUIO, TO MBI MOXKEM BH-
JIETh, 4TO 3TO TPsIMasi TOPU3OHTANIbHAS JIMHUS C TIOCTO-
SIHHBIM 3HaueHueM MXY (puc. 2, 0).

W3BecTHO, YTO €AMHUIIBI KPYTSIINX MOMEHTOB I10
pe3yibraraMm pacdyeroB B mporpamme — [H-cm/cm]. To-
9TOMY CyMMapHbIi KpyTAuii MoMeHT My 1o ceueHunio
MOJTy9UM, YMHOXWB 3HaUeHHE Mxy B Ka)KZIOM 31IeMEHTE
Ha ero mupuHy. B pe3ynprare (3T0 JIErKO MPOBEPUTH)
MBI MOYyYUM, 9TO 3Ta BEIWIHHA OyJIET paBHA POBHO
TIOJIOBMHE BHEIIHETO KPYTAIIEr0 MOMEHTa (KOTOPBII
MBI 0603HaYMM depe3 M), T.e. Mi=Myo/2.

Jlerko BUIETH, 4TO PU 3TOM Hapymaercs GpyHaa-
MEHTaJIbHOE TpeOOBaHME paBHOBeCHS (CyMMapHBIN
BHYTPEHHHUI MOMEHT HE paBeH JCHCTBYIOLIEMY BHEII-
Hemy). [Ipu 3TOM, OIHAaKO, €CIIM CPaBHUTH NepeMellie-
HUS [T0JIOCHI C TOYHBIM PELICHUEM 110 TEOPUH YIPYTo-
CTH JJISL Kpy4eHHsl TOHKOH nojockl [10], To mpu nocra-
TOYHO MaJIOW TOJIIMHE PE3YJIbTaThl OyIyT COBIAAATh
C JIOCTaTOYHON CTENCHBIO TOUHOCTH.

CyTh Takoil HEYBS3KHM 3aKIJIIOYACTCSA B CIEOYIO-
memM. [Ipn paccMOTpeHHH KpPY4eHHs CTEp)KHS B BHIC
Y3KOM 10JIOCHI B TeOpuH yripyroctu [ 10] mosyueHsl 1Be
(opmytel kpyTamero momenra. [lepsas popmyna, mo-
JydyeHHass U3 MEeMOpPaHHOW aHaJOTHUU C YYEeTOM BCEX
Y4acTKOB 00beMa MOBEPXHOCTH MEMOpaHbl, B TOM
YHCIIe HA KOPOTKOH CTOPOHE Y3KOTO MPSIMOYTOJIbHUKA:

My=b-c*G-0/3 (1)

rae b, ¢ — coorBercTBeHHO GOMbLIASI M MEHBILAS

CTOpOHA MPSIMOYTOJIHHUKA; 0 — OTHOCHTENBHBIN yToJ
3aKpy4HBaHHUA.

Bropast hopmyia nosrydeHa npu yCJIOBHH TpeHe-
OpekeHus KacaTeJIbHBIMU HANPSHKEHUSIMH, NEHCTBYIO-
LIIMMHU 110 KOPOTKOH CTOpPOHE NMpPSIMOYTOJIBHOTO cede-
HUsL (KOT/la TIOBEPXHOCTh MeMOpaHbI IPHUHSATA B BUIE
numHApuyaeckoit) [10]:

M,=b-c3G-0/6 2)

Kak BuIUM, He y4eT KacaTeJIbHBIX HalpsHKEHHH,
JEUCTBYIOIUX 110 KOPOTKOW CTOpPOHE, NPUBOAHUT K
YMEHBIIICHUIO KPYTSIIETO MOMEHTAa B JBa pasa. OTH
HaIpsDKEHUS 3HAYUTENIbHO MEHbIIE HANIPSKEHUM, AeH-
CTBYIOIIMX IO JUIMHHOW CTOPOHE, OTHAKO PACCTOSIHUE
JI0 TEHTpa KpydeHHs (IEHTpa TSHKECTH) 3HAYUTEIHHO
OoutbIlie, YTO U 1ACT HaM BTOPYIO MTOJOBHHY KPYTSIIETO
MOMEHTA.

[TpownnrocTpupoBath 3TOT (HaKT MOXKHO C TIOMO-
LIBI0 MOJICIIMPOBAHMUSI TOI K€ MOJIOCH 00 BEMHBIMH KO-
HEYHBIMHU 3JIEMEHTAMU U PAacCCMOTPEHHMS paclperene-
HUS KaCaTEJIbHBIX HANPSKEHUI B CEUEHUU Y3KOTO IIpsi-
MoyroinbHMKa. Ha pwuc. 3 mokazaHBl H30MOJA
KacaTeJbHBIX HaNPSDKCHUH Txy, ACHCTBYIONIUX B TOPH-
30HTAJILHOH IIOCKOCTH, a Ha puC. 4 — W30MOJIs Kaca-
TENBHBIX HANIPSDKCHUH Tyz, JEHCTBYIONINX B BEPTHKAIb-
HOM MJIOCKOCTH.

Puc. 3. Hzononsa kacamenvhvix Hanpﬂofceyuﬁ Txy 6 hOnepeunom cevenuu KOHCOJIbHOLL NOLOCHL

Puc. 4. U3onons xacamenvHuvix HanpsiceHull Ty; 6 NONEPEeUHOM Ce4eHUU KOHCOIbHOU NOIOCh

U3 pucynkoB 3 u 4 MOXHO BHIETh, YTO 4YacCTh
BHEIITHETO KPYTSIIEro MOMEHTa BOCHPHHHMAETCS Ka-
CaTeTbHBIMH HAIPSIKCHUAMHU Txy (puc. 3), a 4acTp —
HaNpPSDKEHUSIMH Tyz, JEHCTBYIOIUMH B BEPTUKAJIHHOM
HanpaBieHuH (Ha puc. 3 ¥ 4 MHACKCHI PH KacaTelb-
HBIX HANpsDKEHUSX ITOMEHSHBI 110 CPABHEHHIO C JaH-
HBIMH IIPOTPAaMMBI JJIS1 COOTBETCTBHS C HAITMMH JaJTb-
HEWIIMMH 0003HaYeHUSIMH). BinsiHnEe BEpTHKAIBHBIX
KacaTeIbHBIX HANPSKEHUN Ty, HA BOCHPUSITHE KPYTS-
Iero MOMEHTa OBUIO IOKa3aHO JopaoM KenbBuHOM
[10].

Crnenyer OTMETHUTB, UTO B CX€ME, IIOKa3aHHOU Ha
pHcC. 2, ciIeayeT yIuThIBaTh AeTUIaHaIuio cedeHus. Ox-

HaKo (JTO JIETKO NPOBEPHT), NP 3aJaHUU CXEMBI 3a-
KPYYMBAHUS IIACTUHBI JByMsI KPYTSIIUMH MOMEH-
TaMH, TPUI0KEHHBIMU TI0 TOPIIaM, KapTHHA OIIHOOK B
oTpeieleHu: MOMEHTOB Myy OcTaeTcsi Hen3MEHHOH.

KacarenbHble HAIPSKEHUS Txy, AEHCTBYIOIINE I10
JUIMHHOH CTOPOHE IPSMOYTOJIBHOIO CEYEHHUs, pacipe-
JIEJISIFOTCS TIO 3aKOHY MPSMOM JIMHUU. TOYHO Takoe ke
pacnpeneneHue KacaTenbHbIX HaNpsSKEHUN IPUHATO B
TEOPHH TOHKUX IINUT. KpyTsAIiye MOMEHTBI, IOTy4YeH-
HBIE B IUIUTE B PE3yJIbTATE JINHEHHOTO paclpeeNeHus
KacaTeJIbHbIX HANPSOHKEHUH, paBHbI [4]:

Mxy = TxyI/Z (3)
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IZIe Z — PACCTOSIHUE OT LIEHTPA TKECTH CEUCHUS
(cpenuHHOM TIIOCKOCTH IJIACTHHEI) JI0 paccMaTpuBae-
MOTro cedeHus 110 Beicote; 1=h%/12 — MomeHT HHEpLUU
y4acTKa IUTUTHI, JUINHOM B eIMHHMILY.

Kak Buanm, 3/1€ch y4TEHBI TOJIBKO KacaTelbHbIE
HaNpsKEHUS Txy, AEHCTBYIOIIME MO IIUPHUHE IUTUTHI
(cneBa HampaBo M cIIpaBa HaJIeBO) U HE YUUTHIBAIOTCS
KacaTeJIbHbIE HAPSKEHUS Tyz, IeHCTBYIOIUE B BEPTU-
KaJbHOHM IUIOCKOCTH (IEHCTBYIOIINE CBEpPXy BHHU3 H
cHu3y BBepx). Ilpm pacdere miumT, ONepTHIX TpaIULu-
OHHO, 3TOT (haKTOp HE BIHSIET HA TOYHOCTH OIpEseIIe-
HUS KPYTAIINX MOMEHTOB. B paccmarpuBaeMoM ke
Cllydyae eTo BIMSHHE OYEBUIHO.

KacatenpHbie HanpsbkeHus B Gpopmysie (3) ompe-
nensitores mo gopmye [4, 11]:

Ez 9*w
- E ' 0x-0y (4)

rae E, | cooTBeTCTBEHHO MOIYJb YIPYrocTH U
ko3¢ ¢unuent IlyaccoHa miMTH; W — BEPTHKAIBHOE
nepemerieHue (mporud); Z — To ke, yTo u B Gopmyiie
(3). Takum 0Opa3oM, KacaTeIbHBIC HANIPSIKCHUS 3aBU-
CAT OT BEPTHKANBHBIX mepemenieHuil. [Ipmdem 310
HaIpsDKeHUs, IEHCTBYIOINE B TOPU30HTAIBHOHN TLIOC-
KOCTH, T.€. TOJIbKO JaCTh BCEX KacaTeIbHBIX HaIpsKe-
HUH (TONBKO HANPSLKEHUS M0 pHc. 3).

VYduThIBast, 9TO METO/ KOHEYHBIX 3JIEMEHTOB, pe-
aIM30BaHHBIHN B OOJBIIMHCTBE IPOTpaMM, B T.4. B pac-
cMmoTpenHoH Beiie nporpamme LIRA-SAPR, sBisiercst
METOJIOM IepeMeleHUH, IPH pacueTe cHavaja ompe-
JICJIAIOTCS IepEeMEIleHNs, a TOTOM Mo (4) — KacaTemb-
HBIE HAaNPsDKEHUS U Jainee 1o (3) KpyTaue MOMEHTHI.
A, Kak OBIJIO CKa3aHO BBIIIIE, HAPSKECHUS Txy IBISIOTCA
TOJBKO YaCTHIO BCEX KacaTEeNbHBIX HANPSKEHUH, JeH-
CTBYIOIIMX B 3aKpy4YeHHOU mosioce. IMeHHO 1o 3Toi
NPUYUHE BEIWYMHA IEPEMEIICHUI, ONPEIEICHHBIX 110
IporpaMMe, COBIIAJAcT C INEPEeMEUICHHSIMH, OIpee-
JICHHBIMHM TI0 TEOPHHU KPYUYEHHUS], @ KPYTSIIIE MOMEHTBI
paBHBI TIOJIOBUHE JICHCTBYIOIIETO KpPYTSAIIEr0o MO-
MEHTA.

Cremyer OTMETHTh, YTO MpPH MOICTUPOBAHUU
CXEMBI 110 pHC. | 1 2 KOHEUHBIMHU IEMEHTAMH TOJICTOMH
IUTUTHI PE3YJIbTaT OKa3bIBACTCSA AHAJIOTHYHBIM C TOUKH
3peHHsI CyMMapHOTO KPYyTAILIET0O MOMEHTA B CEYECHUH.
Jleno B TOM, 4TO U B TEOPHHU TOJICTHIX TUIUT HE yUHUTHI-
BAIOTCSl KacaTelbHbIE HAIPSOIKEHUs, NEHCTBYIOIIUE B
BEPTHKAIBHOM TJIOCKOCTH.

OcraHOBHMCS €Ile Ha OJHOM BOIIPOCE, Kacalo-
IMeMCs MOJISTMPOBAHMsI PabOThl KapKacoB 3/1aHHH.
[Ipn MonenupoBaHWM MEPEKPBITHS MIOCKHMMHU KOHEY-
HBIMHU 3JIEMEHTaMH, a KOJIOHH — CTEpXKHEBBIMH, B pe-
3yJbTaTe MOJYYaeTcsi, YTO B KOJOHHAX OTCYTCTBYIOT
KPYTAIIME MOMEHTHI. JTO CBS3aHO CO CJIEIYIOLINM
(axrom. MzBecTHO [7-9], 9TO B KaXIOM y3IlIe KOHEY-
HOTO 3JIEMEHTA TUTUTHI IMEETCS 10 TPH CTETIEHH CBO-
6ompI: TepeMenieHre B BEPTHKAJIFHOM HaIpPaBICHUU
(o ocu Z); MoBOpOT OTHOCHUTENIFHO OCH X U MOBOPOT
otHocuTesbHO ocu Y. [ToBopoT oTHOcHTENBEHO OcH Z
HE IPUCYTCTBYET. B CBSI3U C 3TUM B y3Iie, T1€e nepece-
KalOTCSl HECKOJIBKO 3JIEMEHTOB IUIUTHI U CTEPHKHEBOM
SJIEMEHT KOJOHHBI, HE PacCMaTpPUBAETCS TIOBOPOT OT-
HOCHTEJIFHO OCH Z, B pe3yjbTaTe B KOJOHHAX OTCYT-
CTBYIOT KPYTSIIIE MOMEHTHI.

B »TOM cMbIcnie MonenupoBaHHE MEPEKPHITHS B
BUJI€ TIEPEKPECTHO CTEP)KHEBOU CUCTEMHI [ 1, 2] mmeeT

Txy

MPEeUMYIIECTBA, T.K. B y3J€ KOHEYHOTO 3JIEMEHTa
CTEpXKHA B OOILIEM CIydae pacCMaTpHUBAETCsl LIECTbH
CTeneHeil cBo0ObI.

@dakThl, W3JIOKEHHBIC BHIIIE, CleayeT o00s13a-
TENbHO YYWTHIBATH B pEabHOM MPOEKTUPOBAHHU.
Jleno B TOM, 4TO B MPOTPAMMHBIX KOMIUIEKCAX THIIA
Lira u ap. mpeaycMoTpeHa BO3MOKHOCTD MO60pa ap-
MaTyphl B KeJIe300€TOHHBIX KOHCTPYKIHMsAX. VI3BecTHO,
YTO IUIUTHl apMHUPYIOT B 3aBUCHMOCTH OT BEIWYHHBI
TJIaBHBIX MOMEHTOB, KOTOPBIE B CBOIO OYEPE/b 3aBHCAT
ot mrudaromux My, My u kpyTsammx Myy MOMeHTOB.
W, ecnu kakas-TO M3 COCTaBIIIOIIUX OIPEEIICHA HE
MIPaBUIIBHO, TO 3TO MOJKET IOBJIUATH HA TOYHOCTD IO/~
6opa apmatypsl. KoHeuHo xe, cxema, IpUBeJICHHast Ha
puc. 1 u 2 gBisieTcs 1OCTaTOYHO PEIKOH Ha MPaKTHKE,
OJTHAaKO U €€ CJIe/IyeT yUuThIBaTh. Kpome Toro, B peas-
HOM IIPOEKTHPOBAHUH YaCTO BCTPEUAIOTCS 33/1a4H, I1Ie
YacTh IUIOCKOCTHBIX KOHCTPYKLMH MOXET OBITh MOA-
BEp)KEHa WHTEHCHBHOMY KpPYYEHHIO, HAalpuMep, yda-
CTOK B IUIMTE IIEPEKPHITHS, PACIIOIOKEHHBIH MEXIY
IBYMsI OTBEpCTHSMH, W Ip. B TakoMm ciydae xema-
TENBHO PACUYETHYIO MOAEIb KOMOMHNPOBATH C MPUMeE-
HEHHEM CTEP)KHEBBIX 3JIEMEHTOB, @ B HEKOTOPBIX CITy-
Yasx U ¢ IPUMEHEHNEM OOBbEMHBIX KOHEYHBIX 3JIEMEH-
TOB.

BeiBoabl. [lpu MoaennpoBaHUM KOHCOJBbHBIX
IUIMTHBIX KOHCTPYKIMM, a TAKXKE APYTUX IIIOCKUX KOH-
CTPYKLIUH, B KOTOPBIX IPUCYTCTBYIOT 3aMETHBIE KPYTs-
IKUEC MOMCHTBI, HCIIOJIB30BAHHUC ITINIOCKHUX KOHCYHBIX
9JIEMEHTOB HE LeJIeCO00pasHo, T.K. 3HAYCHUs KPyTs-
IIMX MOMEHTOB TIOJTyYarOTCs CHIIBHO 3aHIKCHHBIMH TI0
CpaBHEHHIO C ICHCTBYIOmMMHU. B pesymprare 3TOro
TJIaBHbIE MOMEHTHI OIIPEAEIISIOTCS ¢ OMIMOKaMH, 9TO B
CBOIO OYepe]b MPUBOJHUT K HEIPAaBIIIBHOMY II0100pY
apMaTypsl B JKele300€TOHHBIX KOHCTPYKIHAX. B cra-
ThE NPUBEJCHBI 00OCHOBaHUE TOTO (haKTOpa M MOKa-
3aHO, KaK MOKHO M30€XaTh OUTMOOK MpPH MPOEKTUPO-
BaHUU.
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Pa3paboTaHbl HOAXOABI K MPOBEIEHUIO 00CITYKMBaHHSI IOIPYKHBIX YCTAHOBOK, KOTOPBIE BKIIOYAIOT B ce0s

MPOTHO3UpYIOlIee 00CITyKUBaHHE WIH MO (PaKTUIECKOMY COCTOSIHUIO (M MPOAKTHBHOE WM MPEAOTBpaliaoniee
obcnyxuBanue. [IpoakTHBHOE 00CITYKHBaHHE UCIIOJIB3YET BCE METOJBI MPOTHO3UPYIOLIETO W MpOQHIaKTHYe-
CKOro 06CJ'Iy)i(I/IBaHI/IH, I-IT06131 HE TOJIBKO 06Hapy)KI/IBaTI> 1 TOYHO OIIPEACIATH BO3HUKAOINUEC HCUCTIPABHOCTHU, HO
1 rapaHTUPOBATh, YTO BBIIIOJHCH Hannemamnﬁ MOHTaX U MIPUMCHCHBI HAWJTYHYIINEC METOAbl PEMOHTA, YTOOBI U3-
0eXaTh WId YCTPpAaHUTh HOBTOPEHUC HCUCIIPABHOCTH.

ABSTRACT

Approaches to the maintenance of submersible installations have been developed, which include predictive
maintenance or according to the actual condition (and proactive or preventive maintenance. Proactive Maintenance
uses all methods of predictive and preventive maintenance to not only detect and pinpoint emerging faults, but
also to ensure that proper installation is performed and the best repair methods are applied to avoid or eliminate a

recurrence of the fault.

Ki1io4eBble ¢J10Ba: OTKa3, TMArHOCTHKA, IIPOTHO3UPYIOIIee 00CTY KUBAHIE, POAKTUBHOE OOCITY>KIBAHHE.
Keywords: failure, diagnostics, predictive maintenance, proactive maintenance.

B ceropHsIHUX ycHOBUSX NOOBIYM HETH, NpU
YBEJIMYEHUH JOJIH TPYTHO U3BIIEKAEMBIX 3aI1aCOB H HC-
MOJIG30BAaHNH TEXHOJIOTHH MHTEHCH(UKAIMK JOOBIIH
aKTyanbHOMH 3a7aueil ABIsIETCS yIyqlIeHue SKCILTyaTa-
IIMOHHBIX XapaKTEePHCTHK MOTPYKHOTO HedrenoObIBa-
fo1ero o0OpyZOBaHUs, OCHOBHBIM BHIOM KOTOPOTO
SIBJISIFOTCS YCTaHOBKH IIOTPY KHBIX 3JIEKTPOLIEHTPOOCK-
HBIX HAaCOCOB.

Onpenenenue Haubosee 3pGeKTUBHBIX ITyTeH Mo-
BBIIICHHUS HAJIOKHOCTH IKCILTyaTalliyl HACOCHOTO 000-
PYAOBaHHS Ha MEPBBIX dTAax JOHKHO OCHOBBIBATHCS
Ha pe3yJibTaTaX aHajn3a IOBPEKIAEMOCTH HACOCHOTO
000pyZI0BaHHs, OKCIUTyaTUPYEMOTO0 Ha pPa3IUYHBIX
JHEPreTHYECKHX 0OBEKTaX.

Ha pucyHke 1 npencraBieHbl pe3ybTaTbl CTaTH-
CTUYECKOr0 aHalM3a [MOBPEXKIAEMOCTH HAaCOCHOTO
obopynoBanus [1].
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[ Nospexaensie HACOCH

Pucynox 1. Cmamucmuxa nospesicoenuti HacocHo2o 000pyO008anus Ha MEeNni0IHEPLEMUYECKUX 00bEeKMAax

Ouenka pabOTOCIIOCOOHOCTH HACOCHOTO arperara
HeoOXxonuMa IJIsl IPUHATHS KOPPEKTHBIX, 000CHOBAH-
HBIX PEIICHUH MO PSRy BOIPOCOB, BOSHHUKAIOIIUX B
nponecce skciutyataii. CocTosHAe Hacoca B 000
MOMEHT BPEMCHH XapaKTepH3YeTCS PacIlojaracMbIM
pecypcoM, O0ecCreunBaloIMM HAASKHYIO O0e30TKa3-

HyI0 pab0Ty HaCOCHOT'O arperara A0 KaluTajbHOro pe-
MOHTa, B TIPOIECCE KOTOPOH €ro OCHOBHBIE TEXHHYE-
CKHE MapaMeTpPbl ¥ XapaKTePUCTHKH, yKa3aHHbIC B I1ac-
TOPTE, OCTAIOTCS B MPEAENaX yCTAaHOBJICHHBIX AOITyC-
koB. Ha pucyHke 2 mpeacraBileHa JuarpaMma
pacnpeneseHus MOBPEKACHHUHN 110 3JIEMEHTaM HaCOCOB.

KopnycHbie
Aeranu
3,6%

MoawmnHmkn
37.1%

Pucynox 2. JJuacpamma pacnpedenenusi nOSPeNcOeHUtl No dNeMEHMAM HACOCO8

Mecrtopoxxaenuss Kasaxcrama  pasnuuHbBl  H
CJIO’KHBI, MHOTHE HaxXOJSITCSA Ha MO3JIHEH craauu pas-
paboTKH, XapaKTepH3yeTCs TPYIHOU3BICKACMBIMH 3a-
macaMy M HU3KAMH KO3 PHUIHESHTAMAM H3BICUCHUMS
HeTH. MecTopokacHre Y 3eHb SABISCTCS SIPKAM TIPEI-
CTaBHUTEJIEM TAKOTO THIIA MECTOPOXKICHHUI C TPYTHOU3-
BJICKaEMBIMH 3allacaMi W HH3KUMH K03 durmerramu
W3BJICUCHUS HE(TH, HAXOAAIICHCS Ha MMO3THEH CTaIuu
pa3paboTKu.

PaccMoTpuM NpUYUHBI IPEKACBPEMEHHBIX OTKa-
30B YOIIH Ha mecropoxnennmu Kapakyayk 3a me-
puoxa 2021 u 2022 rr. u 1-M nonyroaue 2022 roga u
MpeJICTaBUM B Buje TaOuuiibl 1.

Kak BugHO 13 TaOnHIbl 1, OCHOBHBIMU TEXHOJIO-
THYECKUMH TPUYNHAMH, HE TO3BOIIOIMME d(hdek-
TUBHO PELINTH MPOOJIEMY INOOBIYH YTIIEBOIOPOTHOTO
CBIPBsI IIPH HAHOO0JIeEe ITOTHOM U3BJICUCHIH €r0 U3 HeJIp,
SIBIIIIOTCSI 3aCOpPEHUE Hacoca, cosieoTnoxenus, I'TM,

KOppO3usl, HEKa4eCTBEHHOE AIIEKTPOCHA0KEHHE, Hapy-
[IEHNE TEXHOJIOTUH PEMOHTA U BBIHOC MEXaHUYECKHUX
TIpUMECEH MpY SKCIUTYaTaH CKBaYKHH.

MeXpeMOHTHBIH CpoK padoTel ycTaHOBOK OLIH
COCTaBJIIET 1O MaHrucTaycKoW 00nacTu B CpeaHeM
10-12 mecsmeB. [IppMeHeHNE HOBBIX KOHCTPYKTHBHBIX
pa3paboToK, a TaKXKe YCOBEPIICHCTBOBAHHIE CIIOCOOOB
JMarHOCTHKH, OOCIY’)KMBaHHS U PEMOHTA ITO3BOJHT B
OGN KalIIve ToJbl YBEIMYUTh MEKPEMOHTHBIE CPOKH
B 1,5 -2 paza.

HeobxoaumocTh mpoBeaeHUsT paboT MO JHArHO-
CTHPOBAaHUIO COCTOSHUS CKBaXWH, 00OPYIOBAaHHBIX
OI[H, BO3HUKAET B CIEAYIOMINX CIydasX:

- TI0CJIe MTOJ3€MHOTO PEMOHTA CKBAXKMHA HE BbI-
XOANT B PEKUM WM padOTaeT ¢ MOHMKEHHOH Ipon3-
BOJIUTEIEHOCTHIO;

- NIPOM30ILIO CYIIECTBEHHOE CHIKCHNE TTPOH3-
BOJIUTEJIEHOCTH pabOTaIOIIEH yCTaHOBKH.
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Tabnmma 1
Biusrompe dhakTopbl ¥ MpuarHbI 0TKa30B Y OITH
Nen/m OTkassl 2021r. Bcero 51 2022r. Bcero 36 +/- %
1 3acopenue 13 25.5% 3 8.3% -17.2%
2 HexadecTBeHHAs MOATOTOBKA CKBAKHUHBI 1 1.9% 0 0% -1.9%
3 HekauectBennsbli pemonT YOIH 15 29.5% 2 5.6% -23.9%
4 HexkauectBennoe BeimonaeHne CI1I0 5 9.8% 5 13.9% +4.1%
5 TToBbIIIIEHHOE Ta30COIePIKaHUE 3 5.9% 3 8.3% +2.9%
6 HekauecTBeHHas KOMIUIEKTaIUs (10100D) 1 1.9% 4 11.1% +9.2%
7 HeoOocHOBaHHEINA TOABEM 1 1.9% 0 0% -1.9%
8 OtpaboTan rapaHTUHHBINA CPOK 10 19.7% 11 30.6% +10.9%
9 IIpouune (I'TM, DxciepuMeHT, U.T.11.) 1 1.9% 3 8.3% +6.4%
10 IToner 'HO (aBapusi) 1 1.9% 1 2.8% +0.9%
11 BeipaboTka pecypca 0 0% 3 8.3% +8.3%
12 HekauecTBEeHHOE 3JIEKTPOCHAOKECHHUE 0 0% 1 2.8% +2.8%
51 100% 36 100% -29.4%

OcHOBHOH 3aa4uell IUarHOCTUPOBAHUS SBISIETCS
OIEepPaTUBHOE M TOYHOE BBISBJICHHE BO3MOXKHBIX IpPHU-
YUH HEHOpPMaJIbHONH pabOThl CHCTEMBl «CKBa)KMHA-
VYOIIH». JluarHocTUpOBaHUE MPOBOJIUTCS HA OCHOBE
JTaHHBIX KOMIUIEKCHOTO HCCJIEI0BaHMS, BKIIOYAIOIIET0
3aMep H CHATHE pa3IHYHbIX TApaMETPOB M XapaKTepH-
CTHK PabOTHI CKBAXHHBI C 00s3aTENBHBIM COOJIIOME-
HHUEM YCIIOBHS COTNIACOBAaHHOCTH UX 3Ha4E€HUH 110 Bpe-
MEHH.

AHanu3 OCHOBOIOJIAraromMX padoT MO3BOIMI
0000IINTh TEOPETHIECKNH U MPAKTUYECKHUI OIIBIT HC-
MOJIb30BAHUS PA3IMYHBIX METOJIOB JUArHOCTUPOBAHUS
u ontuMuzanuu TO sHepromexaHU4eckoro o0opynao-
BaHU, BEIIBUTH OCHOBHBIEC HAIIPABJICHUS UX Pa3BUTHSA
U coBeplIeHCTBOBAaHUSA. K OCHOBHBIM HEOCTaTKaM Cy-
IIECTBYIOLIUX METOIOB THAarHOCTUPOBAHUSA U ONTHMHU-
3anmu TO oTHOCATCS:

- HejocTaToyHas pa3paboTKa METOJOB KOM-
IUIEKCHOW JIMarHOCTUKHU 110 HECKOJIBKUM MapaMeTpam,
METOJI0B HEpa3pyIIAOIero KOHTPOJI U ONTHMU3aUH
TO, yuuTHIBaIOIMX 0COOCHHOCTH TEXHOJIOTUH JOOBIUN
He(TH 1 SKCIUTyaTalui YHEPrOMEXaHNIECKOTro 000py-
JIOBaHUS,

- CyIIECTBYeT HEOOXOIMMOCTb YTOYHHTH KPH-
TEePUH OIEHKH TeXHHWYecKoro coctossaus YOIIH Ha
CIeIMaNM3UPOBAHHBIX CTEH/IaX 110 TapaMeTpaM BHOpa-
I[UH, KOTOPBIE HE YUYUTHIBAIOT B ITOJIHOW MEpe COCTOS-
HHE YCTAHOBOK, OMNpEIEIUTh OCTATOYHBIM pecypc
YCTQHOBUTh 3aKOHOMEPHOCTH MEXay AedeKTaMmu
Y3IUH u 0CHOBHBIMH 9aCTOTaMH CIIEKTPa BUOPAIIHU;

- TPaKTUYECKU OTCYTCTBYIOT METOABI OLIEHKU
TEXHUYECKOTO COCTOSIHUS IOTPYXHOH yCTaHOBKH B

YacToTa BOIHUKHOBEHHA
HEWCNPABHOCTER

/

HedTsAHOHU cKBaXkHHE (0€3 OCTAHOBKH CKBa)KUHBI M H3-
MEHEHHsI TEXHOJIOTMYECKUX ITapaMeTPOB OOBIUN).

KOHTpOJIb TEXHUYECKOTO COCTOSHHS SHEPrOMeXa-
HUYECKOT0 00OpYZOBaHUS MOXKET IMPOBOAMTHCS Ha
OCTaHOBJICHHOM, BCKPBITOM H pa0OTaloIIeM arperatax
[3].

ITpu 3TOM ClIeyeT OTMETHTB, YTO Ha OCTaHOBIICH-
HOM 1 0COOCHHO Ha BCKPBITOM arperaTe, UMEIOTCsI 3Ha-
YUTENIFHO OOJBIINE BO3MOKHOCTH JUISl OLICHKH TEXHH-
YECKOT'O COCTOSIHUS M OTIPEACIICHIsI KOHKPETHOTO BUIA
HEHCIpaBHOCTEH. 3/1eCh MOTYT HCIIOIB30BaThCS CIIELy-
IOLIME METOABI: BU3yaJbHO-ONTHYECKOM JHarHOCTHKH,
JIMHEHHBIX U3MEPEHUH, YIbTPa3BYKOBOH Je(EeKTOCKO-
UM, raMMorpaduu, peHTreHorpaduu, MarHUTOIO-
POLIKOBOH JepekTocKomuy, MeTauorpaduu, BETHON
neeKkTocKomuy, pa3IuYHbIe METOJbl IPOBEPKU He-
IUTOTHOCTH, MEXaHWYECKUX HCTBITAaHUH (Kak Oe3 BBI-
PE3KH, TaK 1 C BEIPE3KOH 00pa3IoB), CTUIIOCKOIIUH, XH-
MHYECKOro aHanu3a u T.1. [4].

Ha ceroguameuii 1eHb NPUMEHSIOTCS B OCHOB-
HOM JBa Toxaxozaa k mposeaeHuto TO, M peMOHTOB
YOIH:

1. Ilocme otka3a (aBapHHHO-BOCCTAHOBUTEIb-
HBIH peMOoHT win TO);

2. Tlnanoseie TO 1 peMOHTHI Ha OCHOBE rpaduka
IUTAHOBO-TIpeIyNpeIuTeNbHbIX ~ peMoHTOB  (III1P)
(puc. 3).

B nanHOM ciyuae ycTaHOBKa paboTaeT /10 0TKa3a.
OTKa3 yCTaHOBKHU SIBJIAETCS HEOXHMIAHHBIM U IPHUBO-
JWT K 3HAUNTEIHHOMY yIIepOy, HIOATOMY ONIepaTHBHOE
TUITAHUPOBaHNE CTAHOBUTCS CIOKHBIM WJIM HEBO3MOXK-
HBIM.

TO, pemMoHT —f
Pucynox 3. Obcnyacusanue na ocnose naanosvix TO u pemonma (epaguxa I1I1P) YOLIH

IIpoBeaeHue mMIaHOBO-NPENTYNPEAUTENLHOIO pe-
MOHTA CYIIIECTBEHHO YMEHBIIAET BEPOATHOCTh aBapHH,
HO He npepoxpanseT YOIIH oT HeoKuaaHHBIX BHE3AI-
HBIX IIOBPEXIECHUN B MEXXPEMOHTHBII NIEPUOLL.

B HacTosimee BpeMsi pa3pabOTaHBI MOAXOIBI K
MPOBEACHUIO OOCTYKMBAHHUS MMOTPYIKHBIX YCTAHOBOK,
KOTOpPBIE BKIIFOYAIOT B ce0sl MPOTHO3UPYIOIIee 00CITy-
JKUBaHUE WU MO (PAKTUIECKOMY COCTOSIHHUIO [5]
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(puc.4) U MPOAKTHBHOE WM MpeAoTBpaIaromee 00-
cirykuBaHue (puc. 5).

YposeHs
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I 1
I |
i I
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1 !
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Pucynox 4. Ilpoenosupyiowee obcrysicuganue uiu o Gaxmuyeckomy coCmosHUIO
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Pucynox 5. [Ipoaxmuenoe unu npedomepawaiowee oocyxcusanue

[pu TO u pemoHTaX MO (PaKTHICCKOMY COCTOSI-
HHUIO IPOBEJICHHE PEMOHTOB IPOU3BOIUTCA 1O Mepe
HEOOXOAUMOCTH, M B Cllydyae HEOOXOJUMOCTH OCY-
HIECTBIAETCS HenpepbIBHBIN MoHUTOpHHT YJOI[H. Pe-
MOHT JieTaeTcsl TOJIBKO TOT/Aa, KOT/Ia 3TO BBI3BAHO Ipe-
JIOTKA30BBIM COCTOSIHUEM OT/AEIBHBIX Y3JI0B WM JIeTa-
JIell yCTaHOBKH.

ITpn mcronp30BaHUM AAHHOTO TMOAXOAA HEOOXO-
JMIMO BOBpEMs 00HAPYKUTh U3MEHEHHNSI KOHTPOJIUPYe-
MOT0 IapaMeTpa, ONPENEeIUTh IPUINHBI X MOSBICHUS
U TIPUHATH COOTBETCTBYIOLINE MEPHL. JTOMY CIIOCO0-
CTBYIOT CII€UAJIbHBIE METOIbI JUarHOCTUPOBAHUSI.

IMpn sxkcruryatannu 1mo (pakTHYECKOMY COCTOS-
HHUIO, KOTOpas MperoiaraeT OLEHKY TEXHHYECKOTO
COCTOSIHUSI YCTAHOBKM 0€3 PeBH3HH Ha SKCILTyaTalld-
OHHBIX PEKUMaX, peub, ECTECTBEHHO, HAET O KOHTPOJIE
[0 BTOPUYHBIM ITapaMeTpaM, U MO3TOMY BIIOJIHE JIO-
TMYHO, YTO 3TH HapaMeTpsl JOJDKHBI YAOBIETBOPATH
ornpenenéHHbIM TpeboBaHusIM. TpeOoBaHUS K HUM MO-
TyT OBITH C(OPMYJIMPOBAHBI, HATIPHMED, CIIEIYIOIINM
00pa3zoM: M3MepeHHe MapaMeTpoB JIOJDKHO obectedn-
BaThCsl MO BO3MOXKHOCTU HPOCTBIMH, HOPTATUBHBIMH
TEXHUYECKHMHU CPEJICTBAMH; TEXHHUYECKHE CPEACTBa
JIOJDKHBI OBITH METPOJIOTHYECKH aTTeCTOBAHbI, KOTZa
3TO HEOOXOAMMO; TUaNa30H U3MEHEHHUs] KOHTPOIIUpYe-
MBIX MapaMeTPOB B MpoIiecce padoThl MEXaHU3Ma OT
COCTOSIHUSI «XOPOIIO» JI0 COCTOSIHHS «HEJOITyCTHUMOY
JIOJDKEH OBITH JOCTaTOYHO OOJBIINM I CBOCBPEMEH-
HOTO BBISIBIICHHSI 3aPOKAAIOIINXCS 1e(eKTOB U JOCTO-
BEPHOTO MPOTHO3UPOBAHUS OCTATOYHOTO pecypca Me-
XaHU3Ma; CTOUMOCTB BBIIIOJTHEHHSI pabOT MO KOHTPOJIIO
BTOPHUHBIX MapaMeTPOB M BPEMsI UX BBINOJIHEHUS
JIOJDKHBI OBITH CYIIECTBEHHO HM)KE, YEM IIPU PEMOHTAX
YCTaHOBKH; BBICOKAsI JOCTOBEPHOCTh KOHTPOJIS 110 BTO-
PHUUHBIM TTapaMeTpaM;  HapaMeTpsl KOHTPOJIA
JIOJDKHBI OBITH TI0 BO3MOKHOCTH YHHMBEPCAJIBHBI IS
JUAarHOCTHKU OJUHAKOBHIX Ie(PEKTOB OIHOTHUIIHOTO
000pyTOBaHUS UITH €0 Y3JIOB.

[pumenurensro k YOUH nuarnoctupoBaHue no
BHOpoOIIapaMeTpaM MOXHO IPOBOJHUTH MpPH IOCIepe-
MOHTHOM 00CJIeI0BaHHU.

[Tepexo Ha TEXHOJIOTHIO O0CITYKUBaHUS 000py-
JIOBAaHUSI «II0 COCTOSIHMIO» ITO3BOJISICT: KOHTPOJIHUPO-
BaTh pealbHOE TeKyIllee TEXHNIECKOEe COCTOSHUE yCTa-
HOBKH M KaueCTBO €€ PEMOHTA; YMCHBIIUTh (PUHAHCO-
BEIC W TPYHOBBIE 3aTpaThl TPH OSKCIDIyaTaldd
000pyIOBaHUS; MIPOMIUTE MEKPEMOHTHBIN TIEPHOA 1
CPOK CIyOBI yCTaHOBKH; COKpPaTHTh IOTPEOHOCTH B
3aIracHbBIX YacTAX, MaTepruaIax u 000pyI0BaHUM; U30a-
BHTBCS OT BHE3AITHBIX TIOJIOMOK MEXaHU3MOB U OCTAaHO-
BOK ITPOU3BOJICTBA; IUTAHUPOBATH CPOKH U COJICPKAHUE
TEXHHUYECKOTO OOCIYyKMBaHUS M PEMOHTA; MOBBICUTH
o0IIyI0 KyJbTypy IpPOU3BOJICTBA U KBATU(HUKAIIIO
nepconana. HeynoOcTBo 0OCiy)KMBaHHS 1O COCTOS-
HHIO 3aKJIIOYAeTCs B TOM, YTO BPEMsl Ha TEXHHYECKOE
o0CIy’)KMBaHHE MOXET (AKTHYECKH Jaxe YBelu-
YUTHCS, €CITH MIEPCOHA HEHAIIeKAITUM 00pa3oM o11e-
HUBACT YPOBEHB JICTPAJallN 000pYIOBAHMS.

[IpoakTHBHOE 0OCITY)KUBaHHE UCTIOIB3YET BCE Me-
TOIBI MPOTHO3UPYIOMIETO W MPOPHIAKTHIESCKOTO 00-
CITy’)KHBaHUsSI, BMECTE C aHAJIH30M KOPHEBHIX NMPHYUH
3apokaeHus Aedekta Uit TOoro, 9To0bl HE TONBKO 00-
HAPY>KUBATh ¥ TOYHO OIPEICIIATH BO3HUKAIONIHE HEUC-
NPaBHOCTH, HO W TapaHTUPOBATh, YTO BBIMOJIHCH
HAJISKAIINHA MOHTaX M MPUMCHEHBI HAMIYUIINE Me-
TOJBI PEMOHTA, YTOOBI M30€KaTh WM yCTPAHUTH IO-
BTOPEHHUE HEUCIIPABHOCTH.

Jlauneii moxxon 3¢ ¢eKTUBHO paboTaer, eciu
MEPCOHAT UMEET JIOCTATOYHO 3HAHHIA, HABBIKOB U Bpe-
MEHH, YTOOBI BHITIOJHATH BCE 3aJaHHbIC AehcTBHs. Kak
U B NOAXOJE, OCHOBAaHHOM Ha IPOTHO3MPYIOIIEM 00-
CITy>)KUBAaHUH, PEMOHT 000PYIOBaHUS MOXET OBITh 3a-
paHee CIUTaHUPOBAH, HO MPH STOM JOJDKHBI OBITH TIPO-
BEICHBI JOMOJHUTEIbHBIC MEPONPHUSTHS, HANPABJICH-
HbIE HA CHIDKCHHE WM YCTPAaHCHHE IIOBTOPHOIO
MOSIBJICHHSI BO3MOXKHBIX aedexroB. it mpoBemeHus
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3THX PaboT Takke Tpedyercs MpHOOpEeTeHHE CIeIH-
anpHOTO 000PYIOBaHUS M JOIDKHBIM 00pa3oM 00ydeH-
HBI TIEpCOHAIL

Ha craguu pemonta YOUH nomkHo npoBoautcs
o0s3aTenpHOE auarnoctupoBanue YOIIH ¢ mpumene-
HUEM Pa3IMYHBIX METOJIOB (puc. 6) Hepa3pylIIAOLIETO
koutpoist (Y3K, BUK, MMII u T.1.). IIpu aTOoM non-
JKEH OBITh OINpEJeNieH OCTATOYHBIH pecypc neraneit
(y310B), IpOBEACHO MOCIEPEMOHTHOE AUATHOCTHPOBA-
HHE Ha TOPHU30HTAIBHBIX KOMITBIOTEPHBIX CTEHAAX Te-
CTHPOBAHU 110 TapaMeTpaM BUOPAIUH.

Cxema obecnieuenus paborocmocodroctn YILH
(puc. 7) BeMOHCTPUPYET OCHOBHBIE ATAITHI )KU3HEHHOTO
IIMKJIa YCTAaHOBKH. 31€Ch BHIJICIICHBI YYaCTKH IPOBE/Ie-
HHMS PEMOHTa, Ha KOTOPBIX TpeOyeTcsi o0si3aTesibHOe
nuarHoctupoBanue YOIH pasnuuneiMu MeTomaMu
(puc. 6). CymHoCTh NOCIIEPEMOHTHON BUOPAaLMOHHOM

muarnocTrky YOIIH [4] Ha rOpU30HTABHBIX CTEHIAX
KOMITBIOTEPHOTO TECTHPOBAHMS 3aK/IIOYAETCS B U3ME-
PEHUM JEHCTBUTEIBHBIX ITAPAMETPOB BUOpAIMH, CpaB-
HEHWU 3TUX 3HAYEHUH C IEpBOHAYAIBHO H3MEpEH-
HBIMH M JIOIIyCTHMBIMH, OLICHKE (PaKTHYECKOTO COCTO-
sHug YOIUH 1 npuHATHM peleHus o ero JajabHenen
9KCILTyaTally WIN MPOBEICHUH TOBTOPHOTO PEMOHTA
10 CHIDKEHUIO YPOBHS BHOparuu. /lnarHocTHyecKuMu
TapaMeTpaMHy CITy>KaT Pa3INIHbIC BEITUYUHBI, B 9acT-
HOCTH: TIMKOBOE 3HAYCHHE, CPEIHEKBAIPATUIHOE 3HA-
YEeHHUE, CpeIHEE 3HAUECHHUE MTPOIETEKTHPOBAHHOTO CUT-
Halla, 3Ha4eHHE OT ITHKa JI0 TUKA, MOMEHTHI CIIEKTPAJIb-
HOH IUIOTHOCTH OJHOMEPHBIX M MHOTOMEPHBIX
3aKOHOB pacmnpeseneHus U T.1. Onpenesnstonieil Benu-
YMHOW WHTEHCHBHOCTH BHOpAIMU SIBJISETCS CpeIHe-
KBazpaTniHoe (3G PEKTUBHOE) 3HAUCHHE BUOPOCKOPO-
CTH.

1—1[ YO uUuH
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Pucynok 6. Memoowl, npumensiemvle 0ns ouacnocmupoganus YOL[H

TipBesEa CopTHpoRKE
vaHe | MofkE | neTanel
pEMOHT
3
Maorrras: Y3ILUH
HedTHHYH
CRBAMHHY

Pucynox 7. Cxema obecneuenus pabomocnocoonocmu YOLIH na nepmanvix mecmoporcoeHusx

Jlutepatypa
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ABSTRACT
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Currently, when developing oil and gas fields, it is increasingly necessary to face the problem of reducing
production. The appearance of this problem is associated with various reasons, but to a greater extent it is expressed
in a decrease in permeability, productivity coefficient due to a number of complications arising in the bottom-hole
zone of the formation (BHZ) (mainly: absorption of drilling mud filtrate, salt deposition, suffusion of clay particles
and the consequences of well repairs). There is a need to carry out work to increase or restore the filtration-capac-

itance properties (FCP) of the formation.

Keywords: deposit, bottom-hole zone, acid treatment, drilling mud, well.

Acid treatment of BHZ is a solution to the problem
of its contamination. Treatment of the bottomhole zone
with acid compositions is the most common, relatively
inexpensive and simple method of improving filtration
characteristics and increasing well productivity, based
on the interaction of an aqueous acid solution with min-
erals of the rock skeleton and introduced substances
that block the flow paths of fluids. This method is ef-
fective at any stage of deposit development, it is used
to influence both carbonate and terrigenous formations.
In most fields of Western Kazakhstan, out of the total
number of geological and technical measures (GTM),
the share of acid treatments takes about 60-80%.

The Tengiz oil field, confined to the carbonate de-
posits of the Upper Devonian-Middle Carboniferous, is
located in the southern part of the Caspian Geological
province (the Caspian Depression).

Tectonically, the deposit is confined to the south-
ern side of the Caspian Depression and belongs to the
Karaton-Tengiz uplift zone.

The structure of Tengiz on the surface of Bashkir
deposits (on the roof of the | object) is a high-amplitude
isometric structure measuring 22 * 23 km. The arch of
the elevation is flat, the wings of the structure are quite
steep, the angles of inclination reach 20-250. Near the
beginning of the steep slope, the arch of the elevation
is complicated by a chain of local elevations, with an
amplitude of 100-200 m, forming a «rimy». The eleva-
tions of Rome cover the north-western, northern and
north-eastern parts of the arch, while in the south and
south-west Rome is absent. The maximum amplitude
of the ascent along the roof of the Bashkir tier reaches
1100 m. The structure of the Tengiz structure for the Il
and 111 objects is shown on the structural maps for the
roof of the "vulkanika" and the roof of the Famensky
tier, updated according to the results of drilling new
wells.

In the three years that have passed since the previ-
ous Analysis of the development of the field, fifteen
wells have been drilled, and no wells were drilled in
2017, and the results of drilling wells in 2015-2016 are
reflected in sufficient detail in the work. The data ob-
tained from these wells made it possible to clarify the

lithological and stratigraphic characteristics, effective
oil-saturated thicknesses, filtration and reservoir prop-
erties of reservoirs within the studied part of the field,
and did not significantly change the ideas about the
structure of the reservoir and the thickness range of in-
dividual stratigraphic units or operational facilities.

According to information from 01.07.1986, oil re-
serves in the sum of categories C1+C2 amounted to
2648040 thousand tons (geological) and 1043901 thou-
sand tons (recoverable). At the same time, the reserves
of industrial category C1 oil amounted to slightly more
than half (51.7%).

The calculation of geological reserves of oil and
dissolved gas was carried out on 3 objects of calcula-
tion — I, 11, 111, corresponding to stratigraphic objects.

According to the | stratigraphic object, reserves
were calculated separately for each sub—object - Bash-
kir, Serpukhov, Oka horizons, taking into account the
allocated facies zones (platform, boundstone, slope).

For I, 11 stratigraphic objects, reserves are calcu-
lated separately for the platform and slope parts without
allocating sub-objects.

The categoricity of geological reserves is justified
in accordance with the degree of study: the data of test-
ing and operation, laboratory studies of filtration and
reservoir properties of rocks and reservoir fluids, field-
geophysical studies of wells and the position of the
VNK.

Hydrochloric acid treatments (HAT) at the field
were carried out in the period 1988-1993, i.e. during the
period of well development and initial operation from
2000 to 2001.

Total at the field in the period 1988-1993 HAT
was carried out in 24 wells (36 wells-operations) and
from 2000 to 2001 — in 4 wells (220, 463, 5056 and
7252). The work for each well was carried out accord-
ing to an individual inflow optimization program.

As can be seen from the table, as a result of the
work carried out, a positive effect was obtained in 24
wells (37 wells-operations) in the form of an increase
in oil flow rates by 1.1 (s9.104) — 2.04 times (sq.113).
According to research data, productivity coefficients
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increased by 1.7 — 3 times. For individual wells, a grad-
ual decrease in flow rates was observed, which led to
the need for repeated exposure to HAT systems. At the
same time, the well flow rates increased to the level of
the flow rates received after the first HAT (Ne6, 12, 16,
26, 419). For three wells (sle.3 - perforation interval
4600-4798 m; sle.12 - perforation interval 4889-4914
m; sle.25 - perforation interval 4152-4197 m) the effect
was not obtained due to low productivity of the layers.
Acid hydraulic fracturing is a process of intensification
of well productivity, in which acid is injected into the
reservoir at a pressure sufficient to rupture the reser-
voir. As the acid moves along the resulting crack, part
of the crack surface dissolves, forming a wire channel.
The main purpose of acid fracturing is to form wire
channels of sufficient length to allow more efficient
drainage of the collector. With acid fracturing, it is pos-
sible to obtain a skin factor value from -4 to -6.

Acid hydraulic fracturing is performed in wells
with low permeability and low productivity. Acid frac-
turing was performed both in platform wells and in
boreholes of the marginal zone. Hydrochloric acid of
15-20% concentration was used. Usually, the treatment
was carried out at an injection intensity of 2300-3500
I/min (20-30 barrels/min) in a volume of 250 to 500 m3
of acid.

The treatment of wells with hydrochloric acid has
found the most widespread due to its comparative sim-
plicity, cheapness and often favorable reservoir condi-
tions for its use.

In oil-bearing rocks, limestones, dolomites or car-
bonate cementing substances are often present in vary-
ing quantities. Hydrochloric acid dissolves such rocks
well, while the following main reactions occur. When
exposed to limestone

2HCL + CaCO, =CaCL, + H,0 + CO,
When exposed to dolomite:
4HCL + CaMg(CO,), = CaCL, + MgCL, + 2H,0 + 2CO,

Calcium chloride (CaCly) and magnesium chloride
(MgCly) are salts that are highly soluble in the carrier
water of the acid formed as a result of the reaction. Car-
bon dioxide (COy) is also easily removed from the well,
or at an appropriate pressure (over 7.6 MPa) it dissolves
in the same water (Table 1).

It is known that 1 liter of a 15% acid solution con-
tains 161.2 g of pure HCI. Therefore, it will take 4.53
liters of solution to dissolve 1 kg of limestone.

The holding time for acid neutralization for this
deposit is established experimentally by measuring the
concentration of acid in the spent and displaced to the
surface through the tubing solution.

Usually the exposure time is 16 - 24 hours.

Table 1

Recommended volumes of HCI solution per 1 m of reservoir thickness

Volume of HCL solution, m3/m

Breed - - - -
during primary processing during secondary treatments
Low - permeable thin - porous 0,4-0,6 06-1,0
Highly permeable 05-1,0 10-15
Fractured 0,6-0,8 1,0-15

Simple acid treatments are the most common, car-
ried out by setting the HCI solution in the BHZ (Ta-
ble 1).

With multiple treatments for each subsequent op-
eration, the solvent capacity of the solution should in-
crease by increasing the volume of the injected solu-
tion, increasing the acid concentration, as well as by in-
creasing the injection rate. The initial concentration of
the solution is 12%, the maximum is 20%.

Calculation of treatment of borehole with hydro-
chloric acid, initial data:

Depth H=3800 m

Uncovered effective capacity of the carbonate res-
ervoirh=25m

The inner diameter of the well D = 0,154 m

TUBING diameter d = 0,05 m

Determination of the required amount of chemi-
cals.

For the given conditions, we assume an acid con-
centration of 8%. With an average rate of consumption
of this acid of 1.2 m3 per 1 m of the treatment interval,
the total volume of hydrochloric acid will be 1.2 m x
25=30m?3,

Calculation of the amount of chemicals and water.

Preparation of 6 m3 of 8% hydrochloric acid solu-
tion requires 1840 kg of 27.5% HCI and 4.38 m® of wa-
ter, and 30 m® of 8% hydrochloric acid solution requires
concentrated HCI:

1840 30
« == =9200 ke
6
and water:
4

The amount of concentrated commercial hydro-
chloric acid for a 10% hydrochloric acid solution can
also be found by the formula:

W = AxxW(B 2)
K Bz(A X)

where A=214 and B=226 are numerical coeffi-
cients for an acid of 8% concentration; X is the 8% con-
centration of hydrochloric acid solution; z is the 27.5%
concentration of commercial acid; W=30 m3 is the vol-
ume of acid solution.

Conclusions. The main processing of the bottom-
hole formation zone method for wells with carbonate
fractured — porous reservoirs is hydrochloric acid treat-
ment. There are various ways to influence hydrochloric
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acid on the carbonate formation (baths, simple acid
treatments, deep-directed, point-interval, etc.).

Most hydrochloric acid treatments can improve
the permeability of the bottom—hole zone of the for-
mation. Processing of zones remote from the borehole
presents certain difficulties due to the impossibility of
delivering hydrochloric acid to the depth of the for-
mation. As a result of the high rate of acid reaction in
the carbonate component of the formation, water is re-
leased in the bottom-hole zone, which is pushed into
the depth of the formation by another portion of acid.

When using most methods of treating the for-
mation with hydrochloric acid, hydrochloric acid is ab-
sorbed by the drained zones of the formation, and the
non-working areas remain untreated. This explains the
low efficiency of repeated hydrochloric acid treat-
ments.

According to the calculations carried out, the pre-
liminary flow rate of wells was determined.

The flow rate for well No. 12314 before the HAT
was 5.1 t /day, after the HAT — 5.2 t/ day. The duration

of the technological effect was 210 days. Additional
production of 21 tons

The flow rate for well No. 12523 before the HAT
was 5.4 t/day, after the HAT — 5.7 t/day. The duration
of the technological effect was 153 days. Additional
production of 45.9 tons

The flow rate for well No. 12899 before the HAT
was 1.1 t/day, after the HAT — 2.2 t / day. The duration
of the technological effect was 149 days. Additional
production of 163.9 tons.
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