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IToka3aHa BO3MOXKHOCTH TMOJNYYEHHsI KaTyCHbIX KynbTyp C. maritima npe KyJbTHBHPOBAHHH JIHCTOBBIX
9KCIUIAaHTOB Ha NUTATeNbHOH cpene Mypacure n Ckyra, mononuenHor 2,0 mr/m 2,4-J1, 0,5 mr/nm 6-BAIl u
0,5 Mr/n kuHeTHHOM. crionp3yemast muTatensHas cpena Oblia 3G dekTuBHA TSl JaTbHEHIIEero TacCHPOBaHUS
kajutyca. Ha oCHOBaHMM IIUTOJIOIMYECKUX HCCIIENOBAHUN NMEPBUYHBIX U IACCHUPYEMbIX KaJUTYCHBIX KYJIBTYpP
C. maritima noka3zaHo MPUCYTCTBHE B HUX KJICTOK MEPHCTEMaTHYECKOro THIIA, KJICTOK MApEHXUMHOIO THIIA,
Ppa3IMyaoLMXcs MO pa3Mepy, a TAKKe TpaxeaJbHbIX 3JIEMEHTOB.

Knroueswie cnosa: Crambe maritima L., kaytycHast KynbTypa.

BBEJEHUE

Kartpan mpumopckuit — Crambe maritima L. otHocutcs K cemeiicTBy Brassicaceae,
SIBIISICTCS JIUTOPATGHBIM BHJIOM, TIPOHM3PACTAIONIMM Ha TMPUOPEKHBIX MECKaX, raledHIKaXx,
pakymeunnkax. EcrecTBeHHBI apean pacmnpoctpaneHusi — CeBepHas, lleHTpanpHas u
Bocrounass Epoma, CpemuzemHomopbe, Yepromopckoe mobepexxbe Kamkaza. Ha
teppuropun Pecrryommkn Kpeim oxpansercs B SlntuHCKOM TOpHONMEcHOM, Kapamarckom,
Kazaatumnckom u OmyKcKOM MPUPOAHBIX 3aTIOBEAHNKAX, HAIIMOHATFHOM IPHPOTHOM TIapKe
«TapxaHKyTCKHII» U IPYTUX 0CO00 OXpaHsIeMBIX MPHUPOTHBIX TeppuTopusx [1]. BeeneH B
KynbTypy B borammueckom cagy KpemMckoro ¢enepansHOro yHUBEpCHTETa HWMEHH
B. W. Beprajckoro [2]. Taxke C. maritima BHeceH B eBpormeiickuii KpacHblid CHCOK
COCYIWICTBIX pacTeHu# [3], B CITMCOK IUKOPACTYIINX PAaCTeHUH, KOTOPHIE MOTYT CITY)KUTh
TeHEeTHYECKIM MaTepHajioM JUIS yIyUIIeHHUS IIEHHBIX CETbCKOXO03SHCTBEHHBIX KyIbTyp [4].

Wurepec mpaktuueckoro npumeHenuss C. maritima ocHoBaH Ha OHOXMMHYECKHX
0COOEGHHOCTSIX BHJA, CBSA3aHHBIX C CoepKaHWeM (HIaBOHOWIHBIX TIWUKO3UAOB H
MOTEHIIMATBHO AHTHUMUKPOOHBIX TIIIOKO3WHONMAToB [5, 6]. HecMorps Ha TO, d9TO
C. maritima ue siBisieTcst apMaKoNeHHbIM PACTEHHEM U B HACTOSIIIICE BPEMSI HE BXOIHT B
locynmapcTBeHHBIN peecTp JIEKapCTBEHHBIX cpencTB P®d, TepCrneKTUBHBIM SIBIISIETCS
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MPUMEHEHHUE €ro B MEAUIIMHCKOHN MPaKTHKE B KA4eCTBE (DUTOTEPAIEBTUIECKOTO CPECTBA.
B oroli cBs3m sBhsieTcs aKTyaJdbHOW pa3paboTka OHOTEXHONOTHMYECKHMX METOHOB
MOJY4EHHs KJIETOUHBIX KYJNBTYp, CHOCOOHBIX K CHHTE3y M HAKOIUICHHUIO OHONOTMYECKH
AKTHUBHBIX BEIIECTB, C BO3MOXHOCTHIO MOCJIEAYIOUIEr0 HWCIHONb30BAaHUS WX IpU
pa3paboTKe KOCMETHYECKHX U JIEKAPCTBEHHBIX MTPENapaToB.

BeinonHeHHbIe paHee uccienoBanus mo ouorexuonoruu C. maritima ObuM CBSI3aHBI
C pEUIeHHEM BOMPOCOB ONTHMHU3AIMHA COCTABOB MUTATENBHBIX CPeA Ui TONy4YeHHS
KaJUTYCHBIX M CYCIIEH3WOHHBIX KYJIbTYp U JanbHeimel pereHeparnuu pacrenuit [7]. Ilpu
9TOM aBTOpHl OTMEYajlH, YTO HMHIYKIHUIO KaJIyCOOOpa3OBaHUS W TOCIEAYIONIYIO
pereHepannio MUKPOIIOOEroB BO3MOKHO MOMYYHTh Ha MUTATENBHON cpeje, coepsKaliei
OCH3WIAMUHONYPHH, HMHJONMIYKCYCHYIO KHCIOTY ¥ KUHeTHH. Jlng wHayKuun
KOpHEeoOpa3oBaHUsl aJIBEHTHBHBIE MHUKPOMOOErd MEPEeHOCHIM Ha MUTATENBHYIO Cpeny,
JIOTIOTHEHHYIO MHIOMIMACIISTHON WM WHIOMIIYKCYCHOM Kuciaoramu [8]. Bmecte ¢ Tem
BBEJICHHE B COCTaB MUTATEILHOW cpeabl 2,4-TuXJIIOPPEHOKCHYKCYCHOH KHCIIOTHI
NPUBOAMIIO K O0Opa3oBaHHWIO CBETJIO-3€IE€HOro, HeMmopdoreHHoro kamryca [7].
[MuTarensHble Cpeabl, NOMOTHEHHBIE OCH3UJIAMHHOIYPHHOM M KUHETHHOM, TaKXkKe ObUIN
3G GEeKTHBHBI JUISL MPSIMOM pEereHepalui YKOPEHEHHBIX MHKPOIOOEroB W3 Pa3IM4HbIX
THIIOB SKCIIJIAHTOB BereTaTHBHbIX opranoB C. maritima [4].

BMecte ¢ Tem wuccieqoBaHU, MOCBANICHHBIX W3YyYEHHIO BOMPOCOB TONYYEHHS H
MAaCCHPOBaHMs KaJuTyCHBIX KyabTyp C. maritima, padmee He mupoBoamnoch. ITosTomy
AKTyaJbHBIM  SIBJISIETCS  OJOOP COCTaBOB MUTATENBHBIX  CpeJ JUIS  HUHIYKIHH
KaJuycooOpa3oBaHusi M maccupoBaHus Kajuryca C. maritima, a Tarke NpoBeICHHE
W3YUYEHHS [TUTOJIOTHYECKIX OCOOCHHOCTEH KaJTyCHBIX KYJIBTYD.

Llenp HACTOSIIETO UCCIIEAOBAHMS — MOTy4YeHHE KaJUTyCHBIX KyinbTyp C. maritima u ux
LUTOJIOTUYECKOE OIUCAHUE.

MATEPHAJIBI U METO/bI

Marepuanom sl UCCeAoBaHus Cykuiu pacteHus C. maritima, moiyueHHbie U3
cemsiH, cobpanHbix B Cakckom paiione Pecryommkm Kpemm B 2017 romy. Cemena
mpopamuBaiy B damkax llerpm Ha OymaxksbIXx ¢mibTpax ¢ mobaBinenmeM 10 i
TUCTHJUTHPOBAaHHOW Boxbl. llepen mocaakodl TPOBOMMIM TTOBEPXHOCTHYIO O00pabOTKY
cemsH 1 % pactBopom mepmanraHata kamus B TedeHue 10 mumyr. Yamkwm [lerpm c
ceMeHaMH MoMeIaiy B HHKybaTop Ha 7 cyTok mpH Temreparype 25 °C 6e3 ocBenieHusl.
[locne 7 cyTok TPOPOCTKH TEPEHOCHSIM B IUIACTHKOBBIE cTakaHYWku Ha 200 M ¢
cyOcTpatoM ©3 TOYBH M arpomepiuta. [lodwB pacTeHHWii TPOBOAMIIM 1O Mepe
HEOOXOIMMOCTH, HO HE pexe 2-X pa3 B HENEIo.

[lomroroBky moOCyAbl, WHCTPYMEHTOB, IHUTATEIbHBIX CpEl U PACTHTEIHHOTO
MaTepuaia MPOBOIWIHA MO METOAWKE, OOMIETPHHSTON B paboTax Mo KyIbTHBUPOBAHHIO
M30JINPOBAaHHBIX KJIETOK, TKaHeW W OpraHoB pacteHuit [9].

Jiid KynbTHBUPOBAaHUS JIMCTOBBIX OKCIUIAHTOB M TIONYYEHHS KaJUTyCHBIX KYJIBTYpP
C. maritima ucronp30Bain arapu30BaHHYIO MHUTATEIbHYIO cpeny Mypacure u Ckyra [10],
comepxamgyto 2,0 mr/m 2,4-guxmoppeHOKCUyKCcycHOH Kucimotsl (2,4-/1), 0,5 wmr/m 6-
oensmwiamuHonypuaa (6-BAIl) u 0,5 mr/n kunernHa. [IpUTOTOBIIEHHYIO MUTATENBEHYIO
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cpeny paznmuBam B xumudeckue mpodupku 16x150 I1-1 mo 10 ma u mo 30 mi B KOJIOBI
Opnenmetiepa Ha 100 My, aBTOKIaBHpOBaNN Ipu Temriepatype 115 °C B TeueHue 25 MUHYT.

[loBepxXHOCTHYIO ~ CTEpHJIM3ALUIO OKCIUIAHTOB mOpoBoawin 7 %  pacTBOpOM
THIOXJIOpUTA HATPUSl B T€UCHUE 15 MUHYT C MOCIENYIONIEH MPOMBIBKOH B TpeX cMeHax
ABTOKJIAaBUPOBAHHON JTUCTWJUIMPOBAHHOW BOABI, m0 15 wmunyr B Kaxzaou. Ilocme
CTEpHJIM3allMK JIMCTOBbIC TUTACTHHKHM pa3pe3ajd Ha CETMEHTHI pazMepoM 5x10 Mm.
[TomerieHre SKCINIAHTOB HA MUTATENBHYIO CPEAY BBHIMOIHSIIN B JIaMHHApHOM Ookce MSC
Advantage™ Thermo Fisher Scientific II kmacca Ouomormyeckoir 0€30MacHOCTH.
KyneTHBHpOBaHUE 3KCIUIAHTOB MPOBOIMIN B HHKybOaTope nadopatopHoM Climacell™
MMM  Medcenter Einrichtungen GmbH npu 16-tu  uacoBom (otomepuo/e,
ocgenieHHoctr 70 % oT MakcHManbHOH, BIaxkHocTH 60 %, TeMIiepaType CBETOBOHM (a3bl
26 °C, remHoBO# — 22 °C. OfuH UK KYJIbTHBUPOBaHHUS (T1aCCaXk) COCTABIISUT 45 CYTOK.

JIIsl 1IMTOJIOTHYECKUX HMCCIIEOBaHUI KauTycHbIX KynbTyp C. maritima roroBuiu
BPEMEHHBIC JaBJICHBIC IperapaThl y4aCTKOB KaJllyca, pasMepoM He Ooiee 2,0 M,
KOTOphIE TIOMENIATN Ha TMpenMeTHhle cTekna W okpammBaiu B 0,1 % pacTBOpe
METHUJICHOBOTO CHHEro B TEUEHWE 5 MUHYT, a Takxke B 2 % pacTBope aleTOKapMHHA B
teuenre 10 MuHyT. [N MONMy4eHUST MOHOCNOSI KJIETOK KaJUTyCHbIe KYIBTYPBI
manepupoBaiu B 1 H pacteope HCl B Teuenue 10 mmuyr mpu temmepatype 60 °C.
[Ipenapatel ananm3upoBaiud moj Mukpockormom Olympus CXS53. O0beM BbIOOpKH
cocTaBisut He MeHee 30 KIIeTOK Ka)KJ0ro THIIa.

PE3YJIbTATBI 1 OBCYKJIEHUE

[TepBble TpPU3HAKKM KaLUTycOOOpa3oBaHMA B KyJIbType JIMCTOBBIX OSKCIUIAHTOB
C. maritima na nuratenbHoi cpene Mypacure u Ckyra, mononuenHon 2,0 mr/n 2,4-]1,
0,5 mr/n BAIT u 0,5 MIr/n KMHETHHOM, BH3YallbHO OOHApyKMBaIMCh Ha 12—14 cyTku
KyapTUBUpoBaHus. Kamryc HaumHanm oOpa3oBBIBATBCS B MECTax cpes3a, a TakkKe Ha
[IOBEPXHOCTH JIUCTOBBIX CErMEHTOB. DOpMHUpYIOUIMICA KaJLIyC OTJIMYAJCS CpeaHei
IJIOTHOCTRIO ¥ XapaKTEePHU30BaJICsl CBETJIO-3€NeHON oOkpackod. UYepes 45 cyTok
KyJIbTUBHPOBAHHUA pa3Mep c(HOpMUpPOBABIIErocs Kajuryca OBUI JIOCTATOYHBIN IHSA
TepeHoca Ha CBEXKYIO MUTATENbHYIO cpeny (puc. 1).

Puc. 1. IlepBuunbiii kamtyc (a) u maccupyembiii kamtye (6) Crambe maritima L.
(nuratenbHas cpena Mypacure u Ckyra, cogepxxamias 2,0 mr/n 2,4-1, 0,5 mr/n 6-BAIl u
0,5 mr/n KuHETHHA)
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Lluronornueckne WHCCICAOBaHUS KaUTyCHbIX TkaHed O-maccaxxa C. maritima
MO3BOJIWJIM YCTAHOBUTH HAJIMYWE B HUX KJIETOK MEPUCTEMATHYECKOTO W MapeHXHMHOIO
THUIIOB, & TAK)Ke TpaxealbHbIX JIEMEHTOB (2JBEHTHUBHBIX Tpaxeun) (puc. 2.).

Krnerkn MeprucTeMaTHUECKOro THITA IIEPBHYHOTO KaJIyca pacloiaraiuch KpyImHbBIMA
CKOIUICHUSIMH B MECTax JIOKAJIM3allUK TpaxeajbHBIX JJIEMEHTOB (pHC. 2, a), OTINYajKCh
HeOonmpIUMK pa3mepamMu 21,3+£2,7 MM, uMenu KpymHoe simpo (puc. 2, 0). Kierku
MapeHXMMHOT0 THIA, COCTABJISIOUINE OCHOBHYIO MacCy Kajlyca, XapaKTepH30BallCh
3HAYUTENLHO Oonee KpyHMHBIMH pazmepamu — 123,5+54 MM, umenu okpyriyio ¢opmy,
MPHUCTEHHO PACIOJIOKEHHYIO IUTOMJIa3My, MENKHEe siApa. B HEKOTOphIX KIeTKax
MapeHXUMHOTO THIIA OOHAPYKHMBAJMCh 3€pHAa 3amacHoro kpaxmana (puc. 2, B). Ocobo
CIIe/lyeT OTMETUTH BBISBJICHHBIC HAMH B TIEPBUYHOM KaJTyCe MEPUCTEMATHYECKUE Y3IIbI,
LHEHTpallbHass YacTh KOTOPBIX TMPEJCTABIICHA AaKTHBHO JICNALIMMUCS KIETKaMHu, a
nepudepus — KiieTkaMu HapeHXUMHOTo Tuna (puc. 2, r).

Puc. 2. Mopdonorus kineTok kamtycHoi KyabTypel Crambe maritima L. O-nmaccaxa:
a — TpaxeaJbHbIC DJIEMEHTBI, 0 — KJICTKM MEPUCTEMATHYECKOro THIA, B — KJIETKU
HNapeHXHUMHOTO TUIIA, I' — MEPUCTEMATHUECKUE Y3IIbI

HccnenoBanusi [UTONIOIHYECKUX OCOOCHHOCTE KasutycHbIX KyiabTyp C. maritima
|-maccaka BBISIBMIIM HAJMYUE KJIETOK HapEeHXMMHOrO THUIA Pa3IMYHOIO pasMepa, KIETOK
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MEPUCTEMAaTHYECKOr0 TUIIA, & TAKXKE TpaxealbHBIX JIEMEHTOB (pHC. 3). Pazmepsl kieTok
MepUCTeMaTHUecKoro Tuma gocturanu 23,7+1,9 Mkm, pacronaraluch OHU KPYHMHBIMHU
CKOIUICHUSIMU (pHC. 3, a).

KileTkn mapeHXMMHOrO THIIA XapaKTEPU30BAIKUCH OKPYIIIoH (opMoii U ObuH
MPEICTABIICHBI IBYMsI KJIacCaMH, B 3aBUCUMOCTHU OT pa3mMepa (puc. 3, 0). Pasmeps! kierok
nmepBoro kiacca pocruraiu 72,8+4,3 kM, Broporo kiacca — 211,4+8,1 mxMm. B
LUTOIJIa3ME HEKOTOPhIX KIETOK MAapeHXMMHOI0 THIAa O0ojiee KpPYIHBIX Pa3MepoB
00HapyXMBAIIMCH 3ePHA 3aIIACHOT0 Kpaxmala.

TpaxeallbHbIC DJIEMEHTBI pACIOJarajluch OJUHOYHO, HEOONBIIUMHU TPYIIaMH U
KPYIHBIMH CKOIUIEHUSMH JUIMHHONW 712,4£17,4 mxm u mmpunoi 194,7+4,3 MKwM,
oOecreunBasi TEM CaMbIM BBICOKYIO TJIOTHOCTh KaJIIYCHOU KYJIBTYpPHI (puc. 3, B, T).

100-MKkMm
-4 ,. ®

Puc. 3. Mopdomnorust kierok kamutycHol Kyaptypbl Crambe maritima L. I-nmaccaxa:
a — o0ummil BHA KJIETOK KAaJUTyCHOHM KYJIbTYpbl, O — KICTKH MapeHXUMHOrO THUIIA
pa3IMYHOrO pa3Mepa, B — CKOIUICHHS TpaxealbHbIX O3JEMEHTOB, I' — TpaxeajbHbIe
AIIEMEHTBI.

Takum 00pa3oM, NMpOBEICHHBIE HAMM HCCIEAOBAHMS IOKA3aid HPUHIUIHAIBHYIO
BO3MOKHOCTb TONYYEHHs W JAJBHEHINEr0 MAacCHUPOBaHWS KAJUIYCHBIX KYJIBTYp
C. maritima ¢ ucrionb3oBaHHeM MUTaTENbHOU cpenbl Mypacure u Ckyra, JOIOJIHEHHOM



Byzapa U. A., OmenbyeHko A. B., Mazens E. B., KupunuH K. O.

2,0 mr/im 2,4-11, 0,5 mr/n 6-BAIl u 0,5 mMr/a xuHeTHHOM. BEISBICHHBIC IIMTOIOIHYECKHIE
OCOOCHHOCTH  TEPBUYHBIX KAJUTYCHBIX KYJIBTYp, CBsI3aHHBIE C 0Opa3oBaHUEM
MEPUCTEMATHYECKUX y3JIOB, CBUACTEILCTBYIOT 00 aKTUBHOU MponuQepalyu KIETOK, 4TO
MPOSIBIISIETCST B BHICOKOM HHTEHCHUBHOCTH POCTa KAJUTyCHBIX KynbTyp. IlpucyrcrBue B
MEPBUYHOM H MACCUPYEMOM KaJTyCE CIECIUATN3UPOBAHHBIX KIETOK MapEHXUMHOIO THUIIA,
BBITIOHSFOIINX 3aIacarome (YHKIHUHA, MOXKET CIYKUTh OCHOBAHUEM JUIS JaJbHCEHIIUX
HCCIICIOBAHMMN, CBA3aHHBIX C Pa3pa0dOTKOW MPUEMOB TOJYyYCHHS OUOIOTHYECKH aKTUBHBIX
BEIIECTB HA OCHOBE KAJUTYCHBIX U CYyCIIEH3UOHHBIX KYJIBTYDP.

3AK/IIOYEHUE

1. TlonmoOpanbl  yciOBHS ~ WHAYKIMHM  KalTycooOpa3oBaHHWs W JAJbHEWIIero
naccupoBanus kamryca C. maritima na nutatensHoi cpene Mypacure u Ckyra,
gporonadenHoi 2,0 mr/n 2,4-11, 0,5 mr/a 6-BAIl u 0,5 MI/i1 KHHETHHOM.

2. BrolgBieHbl HUTONOTHYECKHE OCOOCHHOCTH TEPBHYHBIX M MACCUPYEMBIX KaJUTyCHBIX
kyapTyp C. maritima, nokaszaHo MPUCYTCTBHE B HHUX KJIETOK MEPHCTEMATHYECKOIrO
TUNA, KIETOK TAapEeHXVWMHOIO THIA, pa3inyalolnIuxcs 110 pa3Mepy, a Takxke
TpaxeabHbIX 3JIEMEHTOB.

Paboma svinonnena ¢ pamxax peanuzayuu npoexma npocpammul pazgumus PIA0Y
BO «K®Y wum. B.HU Bepnaockoeo» na 2015-2024 2o0wi: «Paspabomrxa Ho80U
MENCOUCYUNTIUHAPHOU — MOOYAbHOU  MASUCMEPCKOU — npocpammvl  «buomexnonozus,
OuUOXUMUSL U OUOUHDOPMATNUKAY.
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NONYYEHUE KANNYCHBLIX KYNIbTYP CRAMBE MARITIMA L. U UX ...

THE CALLUS CULTURES OF CRAMBE MARITIMA L. RECEIVE AND THEIR
CYTOLOGICAL CHARACTERISTICS

Bugara I. A., Omelchenko 4. V., Gazel E. V., Kirilin K. O.

V. I. Vernadsky Crimean Federal University, Simferopol, Russian Federation
E-mail: bia.05@mail.ru

Crambe maritima L. belongs to the family of Brassicaceae. Natural distribution area
of Northern, Central and Eastern Europe, the Mediterranean, the Black Sea coast of the
Caucasus, the Republic of Crimea. Introduced C. maritima to the culture in the Botanical
Garden of the Crimean Federal University named V.I. Vernadsky. C. maritima entered in
the European Red List of Vascular Plants, a list of wild plants that can serve as a genetic
material for improving valuable crops.

The interest of the practical application of C. maritima was founded on the
biochemical features of the species associated with the content of potentially flavonoid
glycosides and antimicrobial glucosinolates. In this connection, the development of
biotechnological methods for obtaining cell cultures capable of synthesizing and
accumulating biologically active substances, with the possibility of their subsequent use in
the development of cosmetic and medicinal products, is topical.

When using the Murashige and Skoog medium supplemented with 2,0 mg/l of 2,4-D,
0,5 mg/l of 6-BAP and 0,5 mg/l of kinetin, the callus formation in leaf explant the
C. maritima were visually detected on 12-14 days of cultivation. The emerging callus
differed in average density and was a light green color.

The cytological studies showed that cells of meristematic type were located in large
clusters in places of localization of tracheal elements, differed in small sizes 21,3+2,7 um,
and a large nucleus. The cell size of the parenchymal type in primary callus was
123,554 um. Two classes, depending on the size, represented parenchymal cells of callus
of the first passage. The sizes of the first class cells reached 72,8+4,3 um, the second class
211,4+8,1 um. We also showed the presence in the callus cultures of C. maritima
0-passage and I-passage of tracheal elements forming large clusters.

Keywords: Crambe maritima L., callus culture.
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OLIEHKA YCTOWNYMBOCTU KOPUYHEBBLIX KAPEOHATHbIX NMOYB
KPbIMA K 3ArPA3HEHUIO TAXKEJIBIMUA METAJIJNTAMU U HE®TbLIO

Bepnuzoposa H. A., Kysuna A. A., Mocnanenko A. @., Kazeee K. I11.,

Axumenko IO. B., Konecnukoe C. H.

DI'AOY BIIO «IOscnvtii pedepanvnotii ynusepcumemy», Pocmoes-na-/lony, Poccus
E-mail: kolesnikov@sfedu.ru

Kopuunessle noussl KpbsIMCKOro nosryocrpoBa yHHKaJIbHBI jis Poccun. OnHako pa3BUTHE TPAaHCIIOPTHOH U
KypOpTHOH HH(PACTPYKTypbl MOXKET BbI3BaTh YCHIEGHHME 3arps3HEHHs IO4YB. B pesynbraTe MOIEIBHBIX
UCCIIEJIOBAHUI YCTaHOBJICHO, 4TO 3arpsisHeHne TM u HedThi0 KOpHUUHEBOH KapOOHATHOH IOYBBI XPOMOM,
MeJIb0, HUKEJIEM, CBHHIIOM M HE()ThIO NMPUBOIUT K CHI)KCHHUIO ee OMonornyeckoi aktuBHocTH. [lo creneHn
HETaTHBHOIO BIIMSHUS Ha OWOJIOTHYECKHE CBOMCTBAa KOPHMYHEBOW KapOOHATHOH MOYBBI TSDKENBIC METAJLIbI
obpasytot creayrommii psia: Cr > Cu > Pb > Ni. KopuuHesbie kapOOHATHBIC MOYBBI MPOSBHIIN Ce0sl KaK OIHH
13 HaMEeHee YCTOHYMBBIX MT04YB KPBIMCKOI0 MOJTyOCTpOBa K 3arpA3HEHHUIO TSHKEIIBIMU METAUIaMH.

Knrouegvie cnosa: xopriHeBbIe MOUBHI, 3aT PSI3HEHUE, TSHKENbIE METAILIEL, He(PTh, OMOMArHOCTHKA.

BBEJIEHUE

Ha reppuropum cyxux gayOOBBIX H (DUCTAIIKOBBIX JIECOB U MOXKKEBEIOBOT'O
penxonecbsa roprHoro KpesiMa pacmpocTpaHeHBl yHHUKalbHBIE sl Poccnm KOpuYHEBBIE
TTOYBBI.

B 2018 romy 3aBeprmaercsi CTpOUTENHCTBO aBTOMOOMIBLHOTO M IKEIE3HOIO0POKHOTO
MocTOB uepe3 KepueHckuid mposiuB. YBeIWYEHUE TPAHCIOPTHOro mnoroka B Kpeim u
pa3BHUTHE COMYTCTBYIOMIEH MOPOKHOW W KypOPTHON WH(PACTPYKTYPHI MOXET BBI3BATh
ycuiieHHe 3arps3HeHuss mouB. OAHOW W3 MPHOPHUTETHBIX DJKOJIOTHYECKUX MpodIeM
COBPEMEHHOCTH SIBJISIETCS XMMHUYECKOoe 3arps3HeHune mouB. [lpm sToM mpemens
YCTOMYHMBOCTH KOPHUYHEBBIX KapOOHATHBIX IOYB K XHMHUYECKOMY 3arpsS3HEHUIO He
YCTaHOBJICHBI.

Lenp maHHOW paOOTHI — OLEHUTHh yYCTOWYHMBOCTH KOPHYHEBHIX KapOOHATHBIX ITIOYB
Kppmma x xummdeckomy 3arpsizHenwio (Pb, Cu, Cr, Ni, HedTh) 0 OHOIOTHYECKHM
MTOKA3aTENsIM.

MATEPHAJIBI U METO/bI

3arpsizHenne TokensiMu  Meraulamd  (TM) w  HedThIO MoOmenWpoBald B
T1a00paTOPHBIX YCIOBUSX.

OObexkToM wWccneAoBaHWA ObUTa BBIOpaHA KOpPUYHEBas KapOOHaTHas II0YBa,
orobpanHast B Pecriyonmuke KpbiM, B okpectHocTsix ¢. KumapucHoro (44°36'19.74" N,
34°21'15.06" S). lns uccienoBanmii OTOMpPATU BEPXHIO Y4acTh mouBbl 0—10 cMm.
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BepHuzopoea H. A., Ky3uHa A. A., MocnaHeHko A. @., Kaszeee K. LLl., AkumeHko 0. B.,
KonecHukos C. U.

JanHasi To4Ba OTIMYAETCS TSDKEIOCYTIIMHUCTBIM TPaHYJIOMETPHUECKHM COCTaBOM,
OTHOCHUTEIBHO HEOOBIINM COZICpKaHUEM r'yMyca B BepxHeM ropuzonte — 1,7 %, cpenneit
OCTPYKTYpEHHOCTBIO, HeWTpanbHOM peaknued cpeanst — pH = 7.8, cpenneit
OMONOrMUECKON aKTUBHOCTBIO (OOIIasi YUCICHHOCTh OakTepuil — 3,2 MIpPI/T IOYBHI,
aKTUBHOCTh KaTajiazbl — 6,3 mu O/T mouBbl 32 1 MHH, aKTHBHOCTH JIETHJIPOI€HA3bl —
10,1 mr TO®/10 t mouBsl 3a 24 yaca, obuime Oakrepuii poma Azotobacter — 45 %
KOMOYKOB O00OpacTaHusi).

B kauecTBe 3arps3HSIOMIMX BEIIECTB ObUIM BhIOpaHbl He(hTh U TM: OKCHIl CBHHIIA
(PbO), okcum xpoma (CrOs), oxcun mukens (NiO) u okcua memu (CuO). Jaunsie TM
CUHMTAIOTCSl TPUOPUTETHRIME 3arpsiHUTENssMu Ha FOre Poccuu [1, 2]. Kpome Toro, 3ti
TM wuHTepecHB! Ul CpaBHEHHA: WX NpeAenbHO aomyctumble koHueHTpanuu (ITHK)
coctaisitoT 100 mr/kr moussl. Mcnonb3oBanmu 3Hauenust [IJIK, paspaboranHble B
I'epmannu [3]. Bo-nepBoix, motomy, uto I1JIK B mouBe obmiero (BajgoBoro) comepskaHus
Meaun W Hukens B Poccum orcyrcTByroT. Bo-BTOphIX, «poccuiickas» IIJIK cBuHia
3a4acTyl0 HE MOXET OBbITh UCIIONb30BaHA, TAK KaK MEHBIIIE COJICPKAHHS ITOTO DJIEMEHTA
BO MHOTHX ITOYBaXx.

[NJAK B mouBe HedTH Takke He pa3paboraHa, TOITOMY €€ COACpKAaHHE B IOYBE
BBIpaXKaJH B MPOICHTAX.

TM BrHocwin B mouBy B komudectse 1, 10, 100 ITAK (100, 1000 u 10000 mr/kr
COOTBETCTBEHHO), HePTh — 1, 5, 10 % ot Macce! nmouBsl. Coaeprxanrie TM B mouse g0 100
u gaxe 6onee [1JIK Hepenko BcTpeuaercss B palioHaX MPEANPHITANR METALTyPrHYecKoi,
XUMHUYECKON M TOTUIMBHOM ITPOMBIIIJIEHHOCTH.

Hcnosnb3oBanu okcuapl TM: CrOs, CuO, NiO, PbO. Bo-niepBbix, 3HAUUTEIbHAS OIS
TM mnocrymaer B mo4uBy MMEHHO B (popme okcumoB [4]. Bo-BTOpEIX, HCIONB30BaHUE
okcusioB TM TO3BOJISIET MCKIIIOUUTH BO3JIEUCTBHE HAa CBOMCTBA MOYBBI COIMYTCTBYIOIIMX
AHMOHOB, KaK 3TO MPOUCXOAUT IIPH BHECEHUH COJIEH METAJIIOB.

[TouBy MHKYOHPOBAJIK B BEr'€TAllMOHHBIX COCYIaX MPH KOMHATHOH TeMieparype (20—
22 °C) u ontuManbpHOM yBIaxHeHHH (60 % OT MOJEBOM BIArOEMKOCTH) B TPEXKPaTHOM
TTOBTOPHOCTH.

buonornueckue cBoiicTBa MOYBH onpeaensuk depe3 30 CyTOK Imociie 3arps3HEHHs.
[Ipu omeHke XUMHUYECKOTO BO3ACHCTBHUS Ha OMOJIOTMYECKOE COCTOSTHHE TTOYBBI ATOT CPOK
sIBJISIETCS Hanboee MHPpOPMAaTUBHEIM [5].

JlabopaTopHO-aHAIUTUYIECKNE WCCIIENOBAHNUS OBLTH BBITIONHEHBI C WCIOJIH30BAHHEM
OOMICTTPUHATHIX MeTonoB [6, 7]. Ompenensinu oOIIyl0 YHCIEHHOCTh OaKTepwii, oOwmime
OGaxkrepuii  poma  Azotobacter, axkruBHOCTH  KaTamasel M JETHAPOTEHAas3H,
LEJUTIONO30IUTUYECKYI0O aKTUBHOCTh, (PUTOTOKCHMYECKHE CBOWCTBA TMOUYBHL. OOIIyI0
YUCIICHHOCTh OaKTepui B MOYBE YUUTHIBAJIM METOAOM IJIFOMUHECIIEHTHOW MHUKPOCKOITHH
no 3esirunieBy, KoxeBuny, Azotobacter — meroqom KOMOYKOB oOpacTaHHs Ha Cpere
Omobu,  IEeUTONO30JUTHYECKYI0 ~ CIIOCOOHOCTh — IO CTENEHH  Pa3lIOKEHHS
XJIOMMYATOOYMaXHOTO TIOJIOTHA, AKTUBHOCTH KaTala3sl — II0 MeToauWKe | ajcrsHa,
JIeruaporeHassl — mo MeroAuke ['ancTsaa B Momudukanuy Xa3uesa, 0 PUTOTOKCUIHOCTH
[I0YB CY/IMIIM 110 U3MEHEHHIO JJTMHBI KOPHEW penuca.

Ha ocHoBe BhIIENIEPEUNCICHHBIX OWOMOTHYECKAX TIOKa3aTelneld OIpenessiuiy
WHTETpalbHBIA  ToKazarenp  Owonormdeckoro  cocrosHuss  (MIIBC)  moussl
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OLIEHKA YCTOWYMBOCTU KOPUYHEBbLIX KAPEOHATHbIX MOYB ...

[IpencraBnennslii Habop Mmokaszarenedl JaeT WHGOPMATUBHYIO KapTHHY MPOTEKAIOMINX B
MOYBE OMOIIOTHUECKUX MPOLIECCOB U €€ SKOIOHYECKOr0 COCTOSIHHUS.

Hnst pacuera UIIBC 3HayeHuwe KakAOrO W3 YKa3aHHBIX BBINNIE ITOKa3zaTened Ha
KOHTpoJe (B He3arpsi3HeHHOW mouBe) npuHuMand 3a 100 % u 1Mo OTHOIIEHHUIO K HEMY
BBIpaXKalW B MPOLEHTaX 3HAYEHMs] B OCTAJbHBIX BapHaHTaX OIbITa (B 3arps3HEHHOM
moyBe). 3aTeM ONpeAeisIM CpeAHee 3HAueHHWE MSATH BBIOPAHHBIX MOKa3aTeled Ui
Kaxxgoro BapuaHTa omnbita. [lomyuenHoe 3Hauenue (MIIBC) BbIpakeHO B MPOLEHTaxX IO
oTHomeHuto K kKoHTpomo (k100 %). Hcnomb3oBaHHasi METOAWKA —TO3BOJISIET
WHTETPUPOBATh OTHOCUTENBHBIC 3HAUYCHHS pa3HBIX MOKa3aTened, abCONMOTHRIE 3HAYCHUS
KOTOPBIX HE MOTYT OBITh MHTETPUPOBAHBI, TAK KAK UMEIOT Pa3HbIC eIUHUIIBI N3MEPEHUSI.

Jnsi mpoBepKH TOJYYEHHBIX JAaHHBIX Ha JIOCTOBEPHOCTh OBbLI MPOBEICH
JUCTIEPCUOHHBIA aHaNNU3 C TOCIEAYIOUIMM OIpeaeIeHHeM HauMEHbIIeH CYIeCTBEHHOM
paznoctu (HCP).

PE3YJIbTATBI 1 OBCYXIEHUE

B pesynbraTe wHcciienoBaHMs YCTAaHOBJIEHO, 4TO 3arpsisHeHne TM u HedThiO
KOpUYHEBOH KapOOHATHOM TMOYBBI XPOMOM, MENbIO, HHUKENEM, CBHHIIOM U HE(PTHIO
MIPUBOIUT K YXYAIIEHUIO OMOJOTMYECKUX ToKa3aTeseil: o0Iell YiMcIeHHOCTH OaKTepui,
AKTUBHOCTH KaTajla3bl M JETHAPOTeHAa3bl, IEUTIOJI030JUTHIECKON aKTUBHOCTH, OOMIINA
Oakrepuii poga Azotobacter, mmnbl kopaeit peauca, UTTBC (puc. 1-7).
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OKowtpors  B1MAK(1%) B10MAK(5%) @100 MK (10 %) OHCPO5

Puc. 1. BiusiHue XuMu4eckoro 3arpsi3HEHUs Ha aKTUBHOCTH KaTajla3bl KOPUYHEBOM
KapOOHATHOM MOYBHIL, % OT KOHTPOJIS
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Puc. 2. BnusHHe XHMHYECKOro 3arps3HEHHS Ha aKTUBHOCTb JETHAPOTreHAa3bl
KOpUYHEBOH KapOOHATHOM MOYBHI, % OT KOHTPOJIS
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6uonoruueckoro cocrosiaus (MIIBC) xopuuHeBoi kapOOHATHOI MOUYBEL, % OT KOHTPOJIS
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VYcraHoBieHa npsAMas 3aBUCUMOCTh CTENEHHM CHHMKEHMS MCCIEeNyeMBbIX IOoKa3aTenen
OT KOHIIEHTPALMH 3arps3HSIOMINX BELECTB U UX IPUPOJIBL.

Tak Kak KOHIEHTPAMH TSDKEIBIX METAJUIOB OBUIM BBHIOpaHbI  OJMHAKOBBIE
(1 MAK=100 mMr/kr moO4YBBI), TO BO3MOXXHO HX COIOCTABJCHHE. bBbUI TONydYeH psi
TOKCHMYHOCTH TM It OMOJIOrMYECKUX IMOKa3aTelneld KOPUYHEBOH KapOOHATHOM ITOYBHI:
Cr > Cu > Pb > Ni. Okcun xpoma 1o cpaBHeHUIO ¢ Apyrumu TM okaszan HauOosbliee
Tokcudeckoe nerictBue. [logoOHass 3aKOHOMEPHOCTH ObLIa BBHISIBICHA paHee B
MCCIeA0BaHUAX ¢ Apyrumu nouBamu [Ipuuepromopss u [Ipuazoses Poccun [8, 9].

KopuuneBble kapOOHATHBIE TIOYBBI TPOSBWIIM ce0Sl Kak OJHU K3 HauMeHee
ycroiunBbix oy Kpeima k 3arpsisHennto TM u HedThi0. Bonee ysI3BUMBIMU OKa3ainuch
TOJBKO OypbIe JIECHBIE TIOYBBIL. JTO CBS3aHO, MPEXIE BCETO, C HU3KHM COJIepKaHUEM
rymyca. B pesynprate TM cnabo 3akpemyisiorcs B MOYBE, OCTAIOTCSA MOJABHKHBIMH U B
3HAYUTEIILHON CTEIEeHU MPOSBISIFOT CBOM TOKCHYECKWE W WHTHOMPYIOIINE CBOWCTBA IO
OTHOIICHUIO K MHKPOOPTaHU3MaM, PACTCHUSIM U (hepMEHTaM.

3AK/IIOYEHUE

3arpsi3HeHNEe KOPUYHEBOW KapOOHATHOW MOYBBI KphIMCKOro momyocTpoBa HedThIO,
OKCHJaMHU XpOMa, HHUKENIs, MEIU W CBHHIIA yXyAIIaeT €€ OWOJIOrMYecKhue CBONCTBA.
HaGiomaercss CHUYKEHHE aKTHMBHOCTH KaTaljia3bl M JIETUIPOreHasbl, O0IIeH YMCICHHOCTH
Oaxrepuii, obmms OakTepuii poma Azotobacter, IeTION030IMTHIECKON CIIOCOOHOCTH,
YXYAIIAI0TCA MMOKA3aTeNy MPOpacTaHus M HAa4aJIbHOTO POCTa penunca.

OtMeueHa npsamMas 3aBUCUMOCTb MEXKAY COACPKAHUEM B IIOYUBC 3arpsA3HAIOIICTO
BEIIIECTBA U CTEMEHBIO CHIDKEHUS OMOIOTHYECKUX TIOKa3aTelen.

[lo crenmeHW HEraTHMBHOTO BIHSHHS Ha OWOIIOTHYECKHE CBOWCTBA KOPUYHEBOH
kapOonaTHo# moussl TM 06pa3syror creayromuii psaa: Cr > Cu > Pb > Ni.

KopuuHeBble KkapOOHATHBIE TOYBBI TPOSBUIM ceOs Kak OIHM W3 HaWMeHee
ycroiumBbIX Mo4YB KpeiMa k 3arpsaeHnio TM u HedTh0. bojee yI3BUMBIME OKa3aIHCh
TONBKO Oypbl€ JIECHBIE MOYBBI. JTO CBS3aHO, MPEXJE BCEro, C HU3KUM CONEpKaHHUEM

rymyca.

Paboma ewvinonnena npu nooddepyxcke Munucmepcmea o06pazosanus U HAYKU
Poccuiickoti @edepayuu (5.5735.2017/8.9) u 2ocyoapcmeennoii nodoepoicke gedyuyeli
Hayunou wkoavt Poccuiickou @edepayuu (HIII-3464.2018.11).
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ASSESSMENT OF RESISTANCE OF BROWN CARBONATE SOILS OF THE
CRIMEA TO POLLUTION BY HEAVY METALS AND OIL

Vernigorova N. A., Kuzina A. A., Mospanenko A. F., Kazeev K. Sh., Akimenko Yu. V.,
Kolesnikov S. I.

Southern Federal University, Rostov-on-Don, Russia
E-mail: kolesnikov@sfedu.ru

Brown soils of the Crimean peninsula are unique for Russia. However, the
development of transport and resort infrastructure can cause increased pollution of soils.
The limits of stability of brown carbonate soils to chemical contamination have not been
established.

Pollution by heavy metals and oil was modeled in the laboratory. The object of the
study was chosen brown carbonate soil, selected in the Republic of Crimea, in the vicinity
of the village Kiparisnoe. Oil and heavy metals were chosen as chemical contaminants:
lead oxide (PbO), chromium oxide (CrO3), nickel oxide (NiO) and copper oxide (CuO).
Heavy metals were introduced into the soil in the amount of 1, 10, 100 MPC (100, 1000
and 10,000 mg / kg, respectively), oil - 1, 5, 10 % of the mass of the soil. The content of
heavy metals in the soil up to 100 or even more than MPC is often found in the areas of
enterprises of the metallurgical, chemical and fuel industries. The soil was incubated in
vegetative vessels at room temperature (20-22 °C) and optimal moistening (60 % of the
field moisture capacity) in triplicate. Biological properties of soil were determined 30 days
after contamination.

In this study, the total numbers of bacteria, the abundance of bacteria of the genus
Azotobacter, the activity of catalase and dehydrogenase, cellulolytic activity, phytotoxic
properties of the soil were determined. The total number of bacteria in the soil was taken
into account by the method of luminescent microscopy according to Zvyagintsev,
Kozhevin, Azotobacter by the method of fouling clusters on Ashby medium, cellulosolytic
ability by the degree of decomposition of cotton cloth, catalase activity by Galstyan's
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method, dehydrogenase by Galstyan's method in Haziev's modification, phytotoxicity
Soils were judged by the change in the length of the roots of the radish.

On the basis of the above biological indicators, the integral index of the biological
state of the soil was determined. The presented set of indicators gives an informative
picture of the biological processes taking place in the soil and its ecological state.

As a result of model studies it has been established that contamination of TM and oil
of brown carbonate soil by chromium, copper, nickel, lead and oil leads to a decrease in
biological activity. The total number of bacteria decreases, the activity of catalase and
dehydrogenase, cellulolytic ability, the abundance of bacteria of the genus Azotobacter,
the phytotoxic properties of the soil are enhanced.

By the degree of negative influence on the biological properties of the brown
carbonate soil, heavy metals form the following series: Cr> Cu > Pb > Ni. Brown
carbonate soils have proved to be one of the least resistant soils to contamination with
heavy metals.

Keywords: brown soils, pollution, heavy metals, oil, biodiagnostics.
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YPOBEHb ®U3WYECKOWU NOArOTOBJIEHHOCTU N PA3BUTUE
OBUIATEJIbHbIX KAYECTB Y AETEA CPEQHEIO LLKOJIbHOIO
BO3PACTA B FOPO[ICKOM U CENbCKON LWKOJE

I'paboeckan E. IO., benozyé H. B., Apxanzenvckan E. B.

Taspuueckan akademusn (cmpykmypnoe noopazdenenue) @PIrA0Y BO «Kpvimckuii ghedepanvhoiii
yHusepcumem umenu B. H. Bepnaockozo», Cumepepononv, Pecnyonuxa Kpovim, Poccusn
E-mail: grabovskayal3@mail.ru

3ydeH ypoBeHb pa3BUTHSI OCHOBHBIX JIBUTATEIBHBIX Ka4eCTB U YPOBEHb (DM3MUYECKOH MOATOTOBIEHHOCTH Y JieTelt
CPEIHEero IIKOJBHOTO BO3pacTa, OOYJaroMMXCsl B TOPOJICKOM M CelbeKoi mkone. Beuto obcnenoBano 85 nereit,
MaJIbUMKOB U JIeBoYeK. [yl OIEHKH ypOBHS (DM3MYECKOH ITOJTrOTOBIEHHOCTH NETeH CPEIHEero HIKOJIBHOTIO
Bo3pacta u30panu  «lIpe3uieHTCKHe COCTSI3aHMS», KOTOpbIE BKJIIOYAIOT, B HYAaCTHOCTH, CIIOPTHBHOE
MHoro6opbe. IIpoBesieHHbIE HCCIeIOBaHMs MOKa3allH, YTO y AETel TOpOJCKOIl M CeNbCKOH ILIKOIbl YPOBEHb
(U3MYECKOI MOATOTOBICHHOCTH U Pa3BUTHE OCHOBHBIX JIBUTATENILHBIX KAUECTB HAXOAATCS Ha Pa3HOM ypOBHE.
Knrouesvie cnoga: dpusndeckas MoAroTOBICHHOCTb, JBUIATENbHBIC Ka4eCTBA, CPEIHHI IIKOIBHBIN BO3PACT,
rOpOJICKast LIKOJA, CeIbCKast MIKOJIa.

BBEJIEHUE

[Ipobneme ¢pu3mdeckoil MOATOTOBKHA W BO3PACTHOTO Pa3BUTHS (DU3HMYECKUX KAYEeCTB
IITKOJILHUKOB TIOCBSIIICHBI PaOOTHI CIIEITHAIMCTOB B 00JIacTh (pu3mdeckoil KynbTypsI [1, 2],
CUMTAIOUINX, YTO JBUTATEIbHAS MOJATOTOBIEHHOCTb SBISETCA BaXKHBIM KOMIIOHEHTOM
3M0POBBSl YUAIUXCS, a €€ yAydlIeHWe — OJHOM W3 TJaBHBIX 3a7ad (PH3MUECKOTO
BOCIIMTaHUS B IIKoje. MHOrHME aBTOPHI OTMEYAIOT, 4TO (PU3NYECKOe BOCHHUTAHHE JETeH
IIKOJIBHOTO BO3pacTa IPQPEKTHBHO CTUMYIHPYET IOIOKHUTENbHbIE (YHKIMOHAIBHBIE H
Mopdormornyeckre M3MeHeHUs B (OPMUPYIOIIEMCS OpTaHW3ME W aKTUBHO BIMSET Ha
pa3sBUTHE IBUTATEIBHBIX CIIOCOOHOCTE! [3, 4].

B nacrosmee Bpems moj (pM3MYECKON MOATOTOBIEHHOCTHIO MOHUMAIOT COCTOSIHUE
YeloBeKa, KOTOpoe TMpHoOperaercs B pe3yiabTaTe (U3NYECKOH TOATOTOBKH H
XapaKTepu3yeTcsi BBICOKOW (U3NIECKOH pPabOTOCIIOCOOHOCTHIO, XOpPOIINM Pa3BUTHEM
(hM3MUECKUX KA4ecTB, PA3HOCTOPOHHHUM JBHUTATEIbHBIM ONBITOM. KakKIblidi IMKOIBHUK
JOJDKEH 3HATh CBOI MEMUITMHCKYIO TPYIITY, (DH3UYECKoe pa3BUTHE, YPOBEHB (hH3HUECKON
MTOITOTOBIIEHHOCTH. YenoBeKk, WMEIOUIM XOpOIIYI0 (U3NYECKYIO TOJATOTOBIEHHOCTD,
o0JlajaeT JTOCTATOYHOW YCTOMYHMBOCTREO K CTPECCOBBIM CHUTYaIlUsM, K BO3ICHCTBHIO
HEONArOMpUATHRIX YCIOBHUH BHEIIHEH Cpelpl W pa3NuyHbIM 3a00jeBaHUsAM. Y HETo
XOpOIIIO Pa3BUTHl CHCTEMBI JIBIXaHHS, KPOBOOOpaIeHWS W dHeprooOMeHa. BHmMaHue,
MaMATh U MBIIUICHNE YCTOWYHMBBI U MEHEe TOABEPKEHBI Mpolieccy yromieHus. Bee atr
CBOICTBa TIO3BOJISIFOT YEJIOBEKY JIOCTHTATh BBICOKHX PE3yJIbTaTOB B YUEOHOW TPY/OBOH H
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copeBHOBaTenbHON gesrensHOocTH [3]. Bricokas Qusuueckas paboTOCIIOCOOHOCTD
JOCTHTaeTCsl pa3BUTHEM (U3MUYECKUX (IBUTATENBHBIX) KauecTB uenoBeka. OCHOBHBIMHU
(U3NYECKIMH KadecTBaMHU SBJSIIOTCS OBICTpOTa, CHJIa, BBIHOCIMBOCTH, T'HOKOCTB,
JIOBKOCTH (KOOpIUHALIHS).

Poct yueOHOl Harpy3ku, 3HAUNTENHLHOE CHUKCHUE IBUTATEIbHONW aKTUBHOCTHU JIETEH
Y MOJIPOCTKOB BO BHEYPOUHOE BPEMsI, CHI)KEHHE KOIMUYECTBA IIKOJIBHUKOB, TOCEIIAOIIIX
JOTIOTHUTENBHBIE (PU3KYIBTYPHO-CIIOPTHBHBIE MEPOIPHATHS, MPUBOIAT K YXYALICHUIO
(UBNYECKNX KOHAWIUN W CHWKEHHIO (MU3NYECKOW ITONTOTOBICHHOCTH COBPEMEHHBIX
IIKOJIbHUKOB MO CpaBHEHHIO ¢ uX cBepcTHukamu 20-30 ner Hazax [5]. dusmueckas
MIO/IrOTOBKA TOPACTAIOIIEr0 MOKOJIEHHS BO3JIaraeTcsl B HaCTOsIIee BpeMsi B OCHOBHOM Ha
mKoy. [l OONbIIMHCTBA NIKOJBHWUKOB YPOKH (DU3WYECKOW KyJIbTYphl SBISIOTCS HE
TOJILKO OCHOBHO#, HO 4acTO M €IMHCTBEHHOH (HopMoil ux (u3mueckoro BocnuTanus [5,
6]. MHOrouncieHHble HWCCIIEAOBATENN MHUIIYT O TOM, YTO B COBPEMEHHOH IIIKOJe
COBEPIICHCTBYIOTCSI 00pa3oBaTeNbHBIE CUCTEMBI (DU3NYECKOW MOJATOTOBKH, BHEIPSIOTCS
WHHOBAIIOHHBIC TEXHOJIOTUH OOYUYeHHS, pPa3HOOOpa3Hee HCIONb3YEeTCs COBPEMEHHOE
CIOPTHUBHOE  00Opy/lOBaHWE, KBaNM(PUIIMPOBAHHEE  OCYLIECTBISIETCS  MOJrOTOBKA
poheCcCHOHAIBHBIX CIIEUANINCTOB B JTAHHON 00JacTH NESITeThHOCTH, HO TEM HE MEHee
(bm3mueckas MOATOTOBKA BBITYCKHUKOB CPEAHMX IIIKOJI OCTA€TCSl HA HU3KOM YpOBHE [5].

B Hacrosmme Bpemsi HCCIeNOBaHHUEM JaHHOM MPOOJIEMBl 3aHWMAIOTCS MHOTHE
CHENHUATUCTHI, TBITAIOMINECS HAWTH HOBBIE BO3MOXXHOCTH KAaUeCTBEHHOTO YIy4IICHUS
(dbu3mdeckoil MoATOTOBIEHHOCTH obOydatommuxes [7, 8]. K cokameHuro, mIKOIbHAS
MPAaKTUKA ITOKa3bIBaeT, YTO YPOBEHb COCTOSIHUS (U3UYECKOH MOJArOTOBICHHOCTH H
pe3yapTaThl (U3NYECKON AaKTUBHOCTH IIKOJBHUKOB, OOYYalOIIMXCS B TOPOACKOH U
CENIbCKOM 1INIKOJIaX pa3Hble. B CBS3M ¢ 3TUM BO3HHUKIA IpoOiieMa IPAKTUYECKOTrO
UCCIICIOBAHNUSA COCTOSIHUSL  (U3UYECKOM IIOATOTOBJICHHOCTH YYalIUXCA CPEAHEro
IIKOJIBHOT'O BO3PACTa 00YYAIOIINXCSI B PA3HBIX IIKOJIAX . TOPOJACKON U CENbCKOI.

Leab padoThl — U3y4UTh U OLICHUTH YPOBEHb (DU3MUCCKOMN MTOATOTOBJICHHOCTH JETEH
CPEIHEro LUIKOIBHOTO BO3PAcTa, 00Y4aOLIUXCsl B TOPOICKON U CENbCKOM LIKOJIE.

MATEPHUAJIBI U METO/bI

HccenenoBarensckas 9acTh pabOTHI MPOBOAMIIACH HA 0a3e JBYX MIKOJ: TOPOACKOHW U
cenbckoi. beumo obciaemoBaHo 85 gerell cpemHero IMIKOJBHOTO Bo3pacTa: 45 meTew,
00y4arommxcsi B TOPOICKOM IIKOJNE, 3aHUMAIUCh IONOJHHUTENhHO cropToM, a 40
IIKOJIbHUKOB, OOYYAIONIMXCS B CEIBCKOH MIKOJIE, CIOPTOM HE 3aHUMAIINCh.

B nanprelimem obydaromnuecst TOpOACKO MIKOIBI OBLIH pa3/iefieHbl Ha 4 TIOATPYIIIBI
B COOTBETCTBUH C BO3PACTHBIMHU M T'€HJCpHBIMU Tpu3Hakamu: | rpymmna (I'-1) — Manbunku
7 wiacca, 2 rpymmna (I'-2) — manpuuku 8 wiacca, 3 rpynma (I'-3) — neBouku 7 kiacca, 4
rpynma (I'-4) — neBouku 8 kimacca. OOydarormecss M3 CEIbCKOH IMIKOJIbI aHAJOTHYHBIM
obpazom ObuLTH pasmeneHbl Ha 4 moarpymmsl: 5 rpymmna (I'-5) — manpunku 7 kimacca, 6
rpynma (I'-6) — manburku 8 kiacca, 7 rpynmna (I'-7) — neBouku 7 kinacca, 8 rpymma (I'-8) —
neBoukn 8 Kiacca. Bo3pact Bcex oOcienyeMblX IMKOMRHUKOB — 12-14 mer. Bec
HCIBITYEMBIX-MallbuiKoB coctaBmi 45—70 kr, poct — 150-176 cm. Bec ucnbITyeMbix-
neBodek coctaBmit 40—60 kr, poct — 140-168 cM. Bee obcnenyemple nMenn METUITTHCKUI
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JOMYCK K 3aHATHAM (DU3NYECKON KYIBTYpoH U cropToM. MccrenoBanus MpOBOAMINCE B
LIKOJIAX Ha YpOKax (PU3UUECKON KYIbTYpPHI.

B rpymmax  oOcrnemyeMblx — OpOBOAMJIACH — OLIGHKA  ypPOBHS  (PU3HUECKOM
noArotToBieHHOCTH. OILIEHWBAJINCh OCHOBHBIC (DMU3MYECKHE KadyecTBa OpraHM3Ma: CHIIA,
OBICTPOTa, THOKOCTh, BEIHOCIIMBOCTD, JIOBKOCTh (KOOPAMHAIIMOHHBIE CITIOCOOHOCTH).

Jnst oueHkrn ypoBHsI (PM3WYECKOH TOATOTOBICHHOCTH JETEH CPEIHEro IIKOJIHHOTO
Bo3pacTa n30pamn «l[Ipe3uaeHTCKre COCTA3aHUs», KOTOphIE BKIIOYAIOT, B YaCTHOCTH,
CIIOPTUBHOE MHOTO0OpPBE (TeCThI). J{1s OLIEHKH CKOPOCTHBIX CITIOCOOHOCTEH M CIOJIb30BaN
nokazarens «oer Ha 30 merpoB» (B30M); cuIOBBIX CHOCOOHOCTEH — TOKa3aTenb
«monrsruBanue  Ha  mepeknmamuHe»  ([1llep.);  ynoBKoCcTH — (KOOPAMHAITMOHHBIX
crmocoOHOCTe) — moka3aTenb «4denHouHbiid Oer 3x10 merpoB» (UbB); ckopoCTHO-CHIOBBIX
CIOCOOHOCTEH — MoKa3aTeNb «IPbDKOK B ATHHY ¢ MecTta» ([1JJM); rubkocTi — nokasarens
«Hakionbl Brepen» (HB); BeIHOCTMBOCTH — IMoOKa3arenb «uiecTUMUHYTHBIH Oer» (LLB).
OTu BUJBI yIIpa)KHEHUI COOTBETCTBYIOT TECTaM, ONpeAeraeHHbIM B Ykase [Ipesunenta PO
No 948 ot 30 urons 2010 1. «O mpoBeeHNN BCEPOCCUIICKUX CIIOPTUBHBIX COPEBHOBAHMN
(urp) mkoneHUKOB» [9], [TocranoBnennu [IpaBurensctBa PO or 29. 12. 2001 r. Ne 916
«O06 o0uiepoccHiickoil CUCTEME MOHHTOPUHTA COCTOSIHHS —(PH3MUYECKOTO 3JI0POBbBS
HacelleHus1, PU3NIECKOro pa3BUTHUS JACTEH, TOIPOCTKOB U Moytoaexu» [10].

Pacuersl u rpaduueckoe opopmieHHE MTOMYUEHHBIX B pabOTe JaHHBIX MTPOBOAMIHCH
C Wucronmp3oBaHWeM mporpammbl  Microsoft Excel w mporpammHoro makera
«STATISTICA 10.0». Hcmonp3oBanuch mNapaMETPUUYECKUE METObI, JOCTOBEPHOCTH
pasIMYMil TOMYYEHHBIX PE3yJbTaTOB OINpENesiach ¢ moMoInbio t-kputepusi CThIOJEHTA.
CraTHCTHYECKN 3HAYUMBIMU CUMTANUCH pasnuyus npu p<0,05.

PE3YJIbTATBI 1 OBCYKIEHUE

IIpoBeneHHble UccaeNOBaHUs MTOKA3ali, YTO Y JETe FOPOJACKON U CENTbCKOM IIKOJbI
YpOBeHb (PM3NYECKON TOATOTOBIEHHOCTH M Pa3BUTHE OCHOBHBIX JIBUTATENHHBIX KaueCcTB
HaxomATCsS Ha pa3HoM ypoBHe. Tak, mokazatenmb «Oer Ha 30 M», XapakTepU3YIOUTUH
CKOPOCTHBIE KadecTBa OOYyYAIONIMXCS W3 JBYX pa3HBIX MIKOJ, OBUT CIEAYIOUNM: Y
MaJNbYMKOB 7 Kilacca ropojickoi mkonsl (I'-1) on coctaun 4,84+0,11 ¢, uTo ykasbiBaer
Ha OoJnee BBICOKMH YPOBEHB Pa3BHUTHSI CKOPOCTHBIX CIOCOOHOCTEH B CpaBHEHHUH C HX
CBEpCTHUKAMU W3 cenbCKoW mmKoibl (I'-5), rme mokazaTens OBIT HECKOIBKO XYXKE —
5,16+0,09 c. Tlokazatenm rpymmbsl [-1  COOTBETCTBYIOT — BBICOKOMY  YPOBHIO
MOTOTOBIIEHHOCTH, a Tpymnmel [-5 sBIAIOTCS TMOKa3aTensMu CPEOHErO0 YpPOBHS
monroToBieHHOCTH. PasHuila mokaszareneid mexxay rpynmamu -1 u I'-5 cocraBuma 6,6 %
(p<0,05) (puc. 1). Y neBodek 3TOro e Bo3pacra ropomckor mkombl (I'-3) mokasarenn
cocraBun 5,1840,06 ¢, 9T0 COOTBETCTBYET BBHICOKOMY YPOBHIO TOATOTOBJIEHHOCTH, a y
neBoYeK cebekoi mkonbl (I'-7) mokaszarens Obut xyxe Ha 5,4 % (p>0,05) u cocraBmi
5,46+0,07 c, 9TO CBHAETENBCTBYET O CpEIHEM YpPOBHE IOATOTOBIEHHOCTH (puc. 1).
[lomydeHHbIe pe3yNbTAaTHl TOBOPSAT O TOM, YTO Yy MallbYMKOB W JIEBOYEK 7 Kiacca,
00y4arommxcsi B TOPOJACKOM MIKONE, CKOPOCTHBIE CIIOCOOHOCTH pAa3BHUTHI IIydlle H
JOCTUTAIOT BEICOKOTO YPOBHS MOJITOTOBIIEHHOCTH.

Bennunna mokazatens «Oer Ha 30 M» y ManpbuMKOB 8 Kilacca TOPOJACKOH IIKOJBI
(T'-2) cocraBuna 4,86+0,10 ¢, a y ManbuukoB cenbckoit mkoisl (I'-6) — 4,70£0,08 c. Oro

21



paboeckas E. 0., Benozy6 H. B., ApxaHzenbckasi E. B.

CBHUJICTENBCTBYET O BBICOKOM YPOBHE Pa3BUTHS CKOPOCTHBIX CIIOCOOHOCTEH M BBICOKOM
ypoBHe moArotroBieHHocTH (puc. 1). Y neBouek ropoackoit (I'-4) u cenbckoii mkomnst (I'-
8) mccienyembldl MMOKa3aTellb MPaKTUYeCKH He orminmuaics u cocraBun 5,40+0,24 ¢ u
5,44+0.14c  COOTBETCTBEHHO, UYTO  CBHJIETEIBCTBYET O  CpPEeJHEM  ypOBHE
noAroToBiaeHHOCTH. Clie0BaTENbHO, MOXHO TOBOPUTH O TOM, YTO Y JI€Tell cpenHero
IIKOJIEHOTO BO3PACTa BBICOKHI U CPETHUI YPOBEHBb Pa3BHTHSI CKOPOCTHBIX CIOCOOHOCTEH.
[Ipuyem camblie BeICOKHE MOKa3aTelHn 3a(UKCUPOBAaHbBl Y MallbuMKOB U JIEBOYCK 7 Kiacca
roponackoi mmkonbsl (rpymmbel -1 u I'-3) mo cpaBHEHHIO C JETHMH CEIBCKON IITKOJIEIL.
YpoBeHb MOATOTOBIEHHOCTH 3THX IIKOJBHUKOB COOTBETCTBYET BBICOKOMY. Y nerei 8
KJlacca CYIIECTBEHHBIX pa3iMuMii B YPOBHE Pa3BHUTHS CKOPOCTHBIX CIIOCOOHOCTEH He
00HapyXeHO, X YPOBEHb MOJrOTOBIIEHHOCTH COOTBETCTBYET CPEIHEMY.

5,6
54 ‘
5,2 —— §
g 5 \
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>
g 48 - \
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46 \
4,4 - \
42 . . . . : — Nl AN
r-1 r-5 r2 r-6 r3 r7 r-4 r-8
B Mmanbumku 7 Kn. Manb4uKu 8 Kn.
@ neBoYkn 7 Kn. L neBouyku 8 kn.

Puc. 1. Benmnunnaa mokaszatenst «Oer Ha 30 M» (CEKyH[IBI) Y MAJbUYUKOB H JI€BOYEK
7—8 K1acCOB TOPOICKON M CEITBCKOM IITKOI
Tpumeuanus 30ecv u oanee: I'-1 — Manbuuku 7 Kiacca ropoJcKoii mkonbl, -2 — manpunky 8 kiacca
ropoJIcKoi mKombl, [-3 — neBouku 7 Kiacca ropocKoi mKobl, ['-4 — 1eBoukn 8 Kiacca ropoacKoi
mKoibL, I'-5 — MalbuuKy 7 Kilacca celIbCKOM MIKOMEL, 1'-6 — ManburKy 8 Kiacca CelbCKOM MIKOMbL, I -
7 — neBouKHM 7 Kilacca CeJIbCKOM IIKOJIEL, I'-8 — neBouky 8 Kiacca CelbCKOi IKOIBI

YpoBeHb pa3BUTHS CHIIOBBIX CIIOCOOHOCTEH Yy JeTel CpeHero mIKOIFHOr0 BO3pacTa,
00y4aroMmMXcs B TOPOJCKOW M CETHCKOW IIKOJIE, TAKXKE OKA3aJcsl pa3iMYHbIM. Bemndmaa
[IOKa3aTelsl «IOATATMBAHUS HA MEPEKIaluHe» y MaJbuUKOB 7 Kjacca TOPOACKOH IIKOJIBI
(T-1) cocraBmia 2,0+0,1 pa3, cenbckoit mkombl (I'-5) — 1,0+0,2 pa3, 4T0 COOTBETCTBYET
HHU3KOMY YPOBHIO OATOTOBIEHHOCTH. [Ipu 3TOM paszHuua nokasareneid B rpynne I'-1 u I'-
5 cocraBuna 67 % (p<0,01) (puc. 2). Takum 00pa3oM, YpOBEHb Pa3BUTHs CHUIOBBIX
crocoOHOCTell Y MambuMKOB 7 Kjlacca TOPOJICKOM TMMHA3WU JIOCTOBEPHO BEINIE, YEM Yy
00yJarommxcst cenbCKo mKonbl. OJHAKO HECMOTPS Ha 3TO YPOBEHb Pa3BUTHS CHIIOBBIX
criocoOHocTel B 00enx rpynmnax oueHb HU3KHH. Y AeBOYeK 7 Kilacca TOPOJCKON ILIKOJBI
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(I'-3) mokazaTenb «oTKUMaHWe OT mojia» cocraBui 11,6%0,8 pa3, 4To cooTBercTBYET
CpeIHEMY YPOBHIO OATOTOBIICHHOCTH, a y A€BOYEK cenbckoi mkoibl (I'-7) — 5,0+1,0 pas,
YTO COOTBETCTBYET HU3KOMY YPOBHIO MTOATrOTOBIEHHOCTH. PazHuia Mexay rpynmnamu [ -3
u I'-7 cocraBuna 80 % (p<0,01) (puc.?2). ITo Bceil BepOATHOCTH, MMEHHO 3aHSTHSI
CIIOPTOM MOTJIH TIPUBECTH K OoJiee CYIIECTBEHHOMY Pa3BUTHIO CHIIBI y JIEBOYEK 7 Kiacca
TOPOJICKOM LIKOJIBI.
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Puc. 2. BennunHa mokazartelns «IOATATHBAHUS Ha TIepeKIaJnHe» (MaIbuUK, KOJI-BO
pa3) U «OTKHUMaHWE OT ToJiay (IEBOYKH, KOJ-BO pa3) y oOydarommxcs 7—8 KiIaccoB
TOPOJICKOM M CETBLCKOM IIKOJI

BenmunHa mokasaTens «IOATSTUBaHWS Ha MEpeKiIaJiHe» y MajbuMKOB 8 Kiacca
ropojackoii mmkoabl (I'-2) cocraBuina 1,8+0,3 pa3, 4To TOBOPHUT O HH3KOM YpPOBHE
MTOATOTOBJICHHOCTH. Y MAaJIbYUKOB CEITbCKOU IMKOIEI (I'-6) 3TOT mokazaTenb OBLI ropasmao
Boime (Ha 136 %, p<0,001) u cocraBun 7,8+0,6 pa3, 4TO CBUIETENHCTBYET O CPEAHEM
YpOBHE MOATOTOBIEHHOCTH (puc. 2). CienoBaTenbHO, CHIOBAs MOATOTOBKA Y MAIbUNKOB
8 Kitacca CenbCKOM IIKONBI 3HAYMTENBHO JIydINe, 9eM B ropoiackoi mikoie. [lokazarens
«OT)KMMaHHE OT Tojlay Yy JeBO4YeK 8§ Kimacca ropojckor mkombl (I™-4) cocraBun
11,8+0,9 pa3, 4TO COOTBETCTBYET CPEIHEMY YPOBHIO TOATOTOBICHHOCTH, & B CEILCKOU
mkose (I'-8) — 5,4£0,7 pas, 3TOT moka3aTeib COOTBETCTBYET «HU3KOMY» YPOBHIO CHIIOBOU
MOATOTOBIICHHOCTH. Pasnuna mexay rpynmamu -4 u I'-8 cocraBuima 78 % (p<0,01).
Takum 00pa3om, UCCIENOBaHUS TIOKA3aI HU3KUN U CPEAHUN YPOBEHD PA3BUTUS CHIIOBBIX
crocoOHOCTell y JAerell CpeaHero IIKOIBHOrO Bo3pacrta. lIpudem camplil BBICOKHIMA
MOKa3aTeNb 3aUKCUPOBaH Y MAJIBUMKOB 8 Kitacca cenbckor mkonsl (I-6). YV neBouek 7 u
8 KmaccoB ropoackoi mkombl (rpynmbsl [-3 w [-4) ypoBeHb pPa3BUTHS CHIIOBBIX
CHOCOOHOCTE TakKe JOCTaTOYHO BBICOKMH W COOTBETCTBYET CpEeNHEMY YPOBHIO
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(m3Mueckoll TOATOTOBJICHHOCTH. B  OCTaNbHBIX Tpynmax IOKa3aTeld CHUJIOBBIX
CHOCOOHOCTEH COOTBETCTBYIOT HU3KOMY YPOBHIO ITOTOTOBIICHHOCTH.

UccnenoBanus mokasand HAJIW4YME JOCTATOYHO IITUPOKOTO JHara3oHa ypPOBHS
Pa3BUTHS KOOPIWHAIMOHHBIX CIIOCOOHOCTECH y JETeH CpPEIHEro IIKOJIBHOrO BO3pPAacTa,
00y4aronmMxcsi B TOPOACKOH M CEIbCKOM IKojaxX. KoopauHallMOHHBIE CIIOCOOHOCTH Y
00y4aronmMxcs MPOBEPSIIUCh IO TMOKasaTelto «denHouHbld Oer 3x10 m». Tak, y
MaJbuuKoOB 7 Kimacca ropoackoi mmikonel (['-1) mokasarens cocraBun 8,0+0,1c, uto
CBUACTCIILCTBYET O BBICOKOM YPOBHE IMOATIOTOBJICHHOCTH, a Y MAJIbYUKOB CEJILCKOM
mikosel (I'-5) mokaszarens ObUT HECKOABKO Xyxke U cocTaBui 8,7+0,1 ¢, YTO COOTBETCTBYET
CpeIHEMY YPOBHIO Pa3BUTHS KOOPIAMHAIIMOHHBIX CIIOCOOHOCTEH. Pa3HuIla nmokas3aTeseii B
rpynmax I'-1 u I'-5 cocrasuna 8 % (p<0,05) (puc. 3).
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Puc. 3. BennunHa nokasarens «denHo4HbIH Oer 3x10 M» (CeKyHIBI) Y MaJbYUKOB U
JIEBOYEK 7—8 KITACCOB FOPOJICKON U CENBCKOM IIKOJIBI

VYV  nmeBouek ropomckoit mkomsl (I'-3) mokaszarens cocraBmia  8,8+0,3 ¢, uro
CBHJICTEIIHCTBYET O BBICOKOM YPOBHE IOATOTOBJICHHOCTH, a B cenbcKoi mikone (I-7) —
9,840,2c, 4YTO CBHUICTENHCTBYET O HH3KOM YypPOBHE pa3BHTHS KOOPAWHAIMOHHBIX
criocobnocreit (puc. 3). Pasuuna mexay rpynmnamu I'-3 u I'-7 cocrasmia 12,3 % (p<0,05).
Takum 00pazom, y MIKOTHHUKOB 7 Kilacca TOPOACKON MIKOIBI — M MaJTbYUKOB, M IEBOYEK —
KOOpAWHAIIMOHHBIE CIOCOOHOCTH PAa3BHUTHI JYyYIlEe W JOCTHUTAIOT «BBICOKOTO» YPOBHSA
MOATOTOBJICHHOCTH. Y MajbYMKOB 8 Kiacca W ropoiackoi mkomsl (I-2), U ceabcKoi
mkosbl (I'-6) mokasarenpb ObLT MPAKTHYECKH Ha OXHOM ypoBHE M coctaBuwi 7,7+0,2 ¢ u
7,840,1 ¢ cootBercTBeHHO. B 00ewx rpymmax ypoBeHb Pa3BUTHUA KOOPIUHAIMOHHBIX
criocobHocTel BhICOKHI (puc. 3). YV meBouek 8 kimacca W ropojackoi mkossl (I'-4), u
cenbckoit mkounbl (I'-8) mccnemyeMblii oka3arenp TakKe MPAaKTHYECKH HE OTIMYaeTCs H
CBUJICTEIILCTBYET O CpPEAHEM YpPOBHE Pa3BUTHSA WX KOOPIWHAIMOHHBIX CIIOCOOHOCTEH.
Bennunna nokasarenst coctaBuina 9,3+0,4 ¢ u 9,2+0,1 ¢ coorBercTBerHo (puc. 3). Takum
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o0pa3oM, HCCIENOBaHMs TIOKa3ald, YTO y JIeTed CpeJHero IIKOJIBHOTO BO3pacTa,
oOyuarommxcst B 7 U 8 KjaccaX, OTMEUaercs BBICOKHH, CpPEeIHUN M HHU3KHH YpOBEHB
pa3BUTHA KOOPAWHAIMOHHBIX CIOCOOHOCTEH. BhICOKMe mokaszaTenu 3aUKCHPOBAHBI Y
MajJbuYMKOB M  JIeBOYeK 7 Kjacca Tropoickod mkonel (rpymmel  [-1  m
I'-3) B cpaBHEHHM C JCTBMH CEIbCKOM INKOJBL. YPOBEHB ITOATOTOBIEHHOCTH OSTHX
HIKOJHUKOB COOTBETCTBYET BHICOKOMY. Y MaJIbUMKOB 8 Kjlacca Kak B TOPOJICKOM, Tak U B
CEJIbCKOM IIKOJIE CYLIECTBEHHBIX PA3JIMYMid B YPOBHE PA3BUTHS KOOPAMHALMOHHBIX
cmocoOHOCTe He O0OHapyKeHO, HX YpPOBEHb MOATOTOBICHHOCTH COOTBETCTBYET
BBICOKOMY. Y JeBOueKk § Kiacca Takke 3a(UKCUPOBAH MPAKTHUECKU OJMHAKOBBIN
YPOBEHb Pa3BUTHS KOOPAMHAIMOHHBIX CITIOCOOHOCTEMN, KOTOPBII COOTBETCTBYET CPEAHEMY
YPOBHIO TIOATOTOBIEHHOCTH.

YpoBeHb pa3BUTHUSA CKOPOCTHO-CHJIOBBIX CIIOCOOHOCTEH y JIeTel CpEeAHero
HIKOJBHOTO BO3pacTa ONpEAesuICSs C IMOMOIIBI0O TECTa «IIPBDKOK B JJIMHY C MECTay.
[TokazaTens y MabunuKoB 7 Kjacca ropojckoit mkoisl (I'-1) coctaBun 166,8+5,4 cM, 9T0
yKa3blBaeT Ha CPEJHHH YpOBEHb Pa3BUTHsI CKOPOCTHO-CHIIOBBIX CHOCOOHOCTEH. Y uX
CBEPCTHUKOB U3 CelIbCKOM 1mkoibl (I'-5) BennunHa mokasarelis Obljla HECKOJIBKO XYXKe U
cocraBuia 160,4+4,1 cM, 9TO TakKe TTOKa3bIBAET CPEAHHUI YPOBEHb PAa3BUTHS CKOPOCTHO-
CHJIOBBIX criocoOHocTel. PasHuiia nokaszareneii B rpymme -1 u B rpynne I'-5 cocraBuia
4 % (p>0,05) (puc. 4).

[loxazaTens y neBouek 7 kiacca ropojackoit mkonsl (I'-3) cocraBun 156,6+1,8 cm,
9TO COOTBETCTBYET CpEIHEMY YPOBHIO, a y JAeBo4YeKk cenbckoi mkomsr (I'-7) —
140,0+2,9 cMm, yTO XapakTepus3yeT HU3KHH YpOBEHb Pa3BUTHUSI CHJIOBBIX CIIOCOOHOCTEH.
Pasuuna mexay rpynmamu -3 u I'-7 mocturna 11 % (p<0,01) (puc. 4). Iony4eHHbIie
pe3yabTaThl CBUAETENBCTBYIOT O TOM, YTO Y MAaJIbYMKOB M3 OOEMX MIKOJI CKOPOCTHO-
CHJIOBBIC CIIOCOOHOCTH HAaXOJISITCS Ha CPEJHEM YPOBHE, a BOT y JICBOUEK CHTYaIUsl HHAS: B
TOPOJCKOW IIKOJIE y JEBOYEK CKOPOCTHO-CHJIOBBIE CITIOCOOHOCTH pPa3BUTHI JydIlle M
JNOCTUTAIOT CPEIHEr0 YpPOBHS TIOATOTOBIIEHHOCTH, a Y JEBOYEK CENbCKON IIKOJBI
MOKa3aTeNb HAXOAUTCS Ha HU3KOM ypPOBHE.

Y wmanmpumkoB 8-X KiIaccoB B Topoackor mkone (I'-2) mokasarenh COCTaBHII
201,0+2,7 cm, B cenbckoit mkome (I'-6) mokasartens Obunl Hke Ha 5 % (p>0,05) m
coctaBun 191,643,3 cm. B obenx Tpymmax 5TO COOTBETCTBYET CpPEIHEMY YPOBHIO
pPa3BUTHS CKOPOCTHO-CHIIOBBIX CIocoOHOcTel (puc. 4). Y meBodek 8 Kiacca TOpPOICKOMH
mkoisl (I'-4) mccnemyemsrii mokaszarens coctaBui 155,0+1,3 cM, 9TO CBUIETENBCTBYET O
CpemHeM ypPOBHE IMOJTOTOBICHHOCTH, a Y JEBOYEK cenbCkoi mmKkoibl (I'-8) mpbokok B
JUIMHY ¢ MecTa Obul Topasno xyxe (Ha 9 %, p<0,05) u cocraBun 141,8+1,1 cm, dro
YKa3bIBae€T Ha HU3KHWHA YpPOBEHH ITOATOTOBIIEHHOCTH. TakmMm o0pa3oM, HCCIIETOBAHUS
MOKa3aJIH, YTO y AETEeHd CPEAHEro IIKOJBHOIO BO3pacTa — CPEOHUN M HU3KUI YypOBEHb
Pa3BHUTHS CKOPOCTHO-CHIIOBBIX CITOCOOHOCTEH. Y MalbYMKOB 7 U 8 KJIACCOB TOPOACKON H
cembckoil mkomel (rpymnmer -1, I'-5, TI'-2, T1'-6) pa3BuTHE CKOPOCTHO-CHIIOBBIX
CHOCOOHOCTEl COOTBETCTBYET CpEIHEMY YPOBHIO TIIOATOTOBIEHHOCTH. Y JIEBOYEK
CUTYyaIisi COBCeM MHas: B 7 U § KilaccaX TOpPOJCKON IIKOJBI YPOBEHb MOATOTOBICHHOCTH
CPEeIHUM, a y JEBOYEK CEIbCKOM IIKOJbl — HU3KUU.
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Puc. 4. BenwumnHa mokasaTens «IPBDKKH B JUIMHY C MeECTa» (CaHTUMETPHI) Yy
MaJIbYUKOB U JEBOYEK 7—8 KJIACCOB B TOPOJCKOM M CETbCKOM IITKOJIE

Benmunna mokazartens «HakioH Brnepen» (HB) xapakrtepusyer ypoBeHb pa3BHTHA
THOKOCTH y I€Tel M3 IBYX pasHBIX MIKOI. Y MaJbYMKOB 7 Kiiacca ropoackoi mkomisr (I'-1)
BenmmunHa HB cocrasmma 3,00+0,77 cM, a y UX CBEPCTHHKOB B Celbckoi mkoie (I'-5) —
1,40£0,57 cM, 4TO COOTBETCTBYET CpeIHEMY M HHM3KOMY YPOBHIO IOArOTOBJICHHOCTH.
Pasuuna mokasateseii B rpymme I'-1 u I'-5 cocrasuima 73 % (p<0,01) (puc. 5). Y neBouek
7 xmacca ropoxackoi mkoiael (I-3) mokaszaremm cocraBmiam  11,40+1,12 cM, dUTO
COOTBETCTBYET CpEIHEMY YPOBHIO, a y IeBOYCK cenbCkoil mkomnbl (I'-7) mokasatens
cocraBun 4,00+0,49 cM, 9TO SABIISIETCS HHU3KUM YPOBHEM pa3BUTHS THMOKocTH. PasHura
mexy rpymmnamu -3 u I'-7 cocraBuia 99 % (p<0,01) (puc. 5). [TomayueHHbIe pe3yIbTaThl
CBUETEIbCTBYIOT O TOM, YTO Y MAJbUMKOB WM J€BOYEK TOPOACKOW MIKOIBI THOKOCTH
pa3BuTa Ha CPEAHEM YpPOBHE, & Y WX CBEPCTHHKOB M3 CEIBCKOHM INKOIBI — Ha HHU3KOM
YpOBHE.

Y ManpuukoB 8-X KiIaccoB ropoackoi mkombl (I'-2) mokazarens HB cocrabmr
7,60+2,75 c™m, B cenbckoii mmkone (I-6) — 7,40+1,15 cm. B obeux rpymmax ypoBEHb
MIOITOTOBIIEHHOCTH SIBJISIETCSl CpeHUM (pHC. 5). Y IeBoYeK 8 Kiracca TOPOJCKON IIKOIBI
(T'-4) mokaszarens HB cocrasmn 11,0+1,08 cM, B censckoii mkomue (I'-8) — 9,60+0,87 cm —
3TO CpemHUN ypOBEHb pas3BUTHS THOKOCTH. Pasnmma wmexay rpymmamua [-4 u -8
coctasuia 14 % (p<0,05) (puc. 5). CnenoBaTensHO, IPAKTUIECKH Y BCEX 00CIEIOBaHHBIX
mkoiapHUKOB (Tpynmer -1, I'-2, I'-6, I'-3, I'-4, I'-8) pa3BuTHE T'MOKOCTH COOTBETCTBYET
CpeIHeMY YPOBHIO TIOJTOTOBIEHHOCTH, KpOMe JeTell 7 Kiacca cenbckon mkomsl (-5 u I'-
7), TIie ypOBEHB Pa3BUTHS THOKOCTA HU3ZKHIA.
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Puc. 5. BennunHa mokazaTensi «HAKIOHBI BIepen» (CAHTUMETPHI) Y MaIbUYMKOB U
JIEBOYEK 7—8 KITAaCCOB B TOPOJICKON U CEIBCKOM IIKOJIE

YpoBeHb pPa3BUTHS BBIHOCIMBOCTH y JI€Ted CPEAHEr0 MIKOJBFHOTO BO3pacTa,
00yJaromMXCcsl B TOPOJACKOM M CEIBCKOM INMKOJIaX, TAaKKEe HECKOJNBKO pasznnyeH. Tak, y
MaJbuMKOB 7 Kiacca ropomuckod mkonmbl (I'-1) mokazaTenbh BBIHOCIMBOCTH COCTaBHII
1060,0£9,7 M, urO yKa3blBaeT Ha CPEOIHUN YPOBEHb IOATOTOBICHHOCTH, a y HX
CBEPCTHHUKOB U3 CenbcKoi mkoisl (I'-5) — 880,0£10,2 M, 94TO CBHAETEIBCTBYET O HU3KOM
YpOBHE Pa3BUTHS BBIHOCIMBOCTH. PasHuma mokazateneir B rpymmne I'-1 u B rpymme -5
cocraBuna 19 % (p<0,05) (puc. 6).

Y neBodek ATOro ke Bo3pacra Topojackoi mkonel (I-3) mokazaTens COCTaBIUI
816,0+8,1 M, Y4TO COOTBETCTBYET CPEIHEMY YPOBHIO MOJTOTOBICHHOCTH, & Y JI€BOYEK
cenbckoil mkonmbl (I'-7) mokasarens cocraBui 680,0+11,0 M, 9TO CBUAETENHCTBYET O
HU3KOM YpOBHE MONAroToBIeHHOCTH (puc. 6). Pasnmma mexnmy rpymmamu -3 u -7
cocraBmia 18 % (p<0,01). CnenmoBaTenbHO, y IIKOJIBHHUKOB 7-X KJIaCCOB TOPOJICKOM
IIKOJIBl — W MallbYMKOB, M JI€BOYEK — BBIHOCIMBOCTH pa3BHUTA IIydlle W JOCTHTAET
CPEIHETO YPOBHS MOATOTOBIEHHOCTH.

BenmarHa moka3zaTensi, XapaKTepU3YIOMIEro BRIHOCIHBOCTh, Y MAIBUMUKOB 8 KiTacca 1
ropojckoii (I'-2), u cenbekoit (I'-6) 1Kol ObUTa MPAKTHYECKH OJUHAKOBOM M COCTaBHIIA
1070,0+229m u 1060,0£17,0 M COOTBETCTBEHHO, YTO CBHJETEILCTBYET O CPEIHEM
YpOBHE Pa3BUTHS BHIHOCIMBOCTH W TIOATOTOBIEHHOCTH (puc. 6). Y meBOoYeK TOpOACKON
(T'-4) u cenbckoit (I'-8) mIKONBI WCCIIEMyEMbI TMOKa3aTellb TAKKe COOTBETCTBOBAJ
CpemHeMy YpOBHIO moaroroBieHHoctd U cocrasmwn 900,0+20,0 m u 860,0+14,7 m
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cooTBeTcTBeHHO. [IpakTyecku y Bcex obcienmyembix (rpynmsl -1, I'-2, I'-6, I'-3, I'-4,
I'-8) pa3BuTHE BBIHOCIMBOCTH JIOCTUIJIO CPEIHErO YPOBHS IOArOTOBJICHHOCTH, Kpome 7
KJacca cenbekoi mkonsl (-5 u I'-7), rae ypoBeHb BBIHOCIMBOCTH HU3KHH (pHC. 6).
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Puc. 6. BennunHa mokasareliss «IIECTUMHHYTHBIH Oer» (METphl) Y MalbudKOB H
JIEBOYEK 7—8 KIIACCOB B TOPOJICKOM M CEIbCKOU ITKOJIE

Takum 00pa3oM, IPOBEICHHBIC UCCICAOBAHUS I0KA3allld, YTO Yy JETeH TOpOACKON |
CENTbCKOM IIKOJBI YPOBEHb (DU3UYECKON IOATOTOBJICHHOCTH W Pa3BUTHE OCHOBHBIX
JBUTATENBHBIX KAa4eCTB HAaXOSITCS HA PAa3HOM ypPOBHE. Y CTaHOBJICHO, YTO y MaJIbYMKOB
TOPOJCKOM IIKOJIBI Kak B 7, Tak M B § KJlacce MPaKTHYECKH BCE MOKA3aTeNnd HaXOIATCS Ha
CpeoHEeM ¥ BBICOKOM YPOBHE, 32 HWCKIIOYEHHWEM [OKa3aTeNsl CHIIBI, KOTOPBIN
COOTBETCTBYET HU3KOMY YPOBHIO Pa3BHUTHA. Y BCEX JE€BOYEK TOPOJCKOH IIKOJBI yPOBEHb
(bn3myueckoll TOATOTOBIEHHOCTH €Ile Jyd4lne, T. K. BCe IOKa3aTell HaxOHiITCs Ha
BBICOKOM U cpeiHeM ypoBHe. JIJisi AeTel cenbCKOW MIKOJIbI CUTyanns WHast: 3a(UKCHPOBaH
Oompmmii pa3dpoc B ypOBHE pPAa3BUTHS OTHNENBHBIX IBUTATENBFHBIX KadecTB M Oolee
HU3KHA OOmMWKA ypOBEHb (PHU3MYECKOH mmoaroroBieHHOCTH. OJHAKO OTMEYEHO
CYIIIECTBEHHOE TIOBBIIIICHWE YPOBHS pa3BUTHS JABHTATENBHBIX KAauecTB W YPOBHS
(hm3mUecKoi TOArOTOBIEHHOCTH Y MAJIbYMKOB § Kjlacca MO CPaBHEHUIO C 7 KIIACCOM.
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10.

3AKJIIOYEHUE

[IpoBenennbie MccneqOBaHUS CBUACTEILCTBYIOT O TOM, UTO Yy JIeTel, 00OyJaromuxcs
B TOPOJICKONH M CEIbCKOW INKOJIEC, YPOBEHb (DU3MUECKOW IOATOTOBICHHOCTH U
pa3BUTHE OCHOBHBIX JBUTATENBHBIX KAYECTB HAXOAATCSA Ha pa3HOM YPOBHE.

VY HIKOJIBHUKOB TOPOJCKON IIKOJIBI, OOyUaronmxcs B 7 M 8 Kiacce, Kak MajJbuuKOB
(rpynoer I'-1, I'-2), tak u pgeBouek (rpynmel ['-3, I'-4), ypoBeHb pa3BuUTHSA
CKOPOCTHBIX, KOOPJIUHAIIMOHHBIX, CKOPOCTHO-CHUIJIOBBIX CIOCOOHOCTEH, THOKOCTH U
BBIHOCJIMBOCTU ObLIT cymiecTBeHHO Bhimie (p<0,05 — 0,01), yeM y UX CBEpCTHHKOB B
cenbekol mmkone (rpymmsl -5, -6, I'-7, I-8).

YpoBeHb pa3BUTHS CHIIOBBIX CIIOCOOHOCTeH Yy OONBIIMHCTBA 0O0CIEOBAHHBIX
IIKOJBHUKOB HAXOMWJICA Ha HU3KOM ypoBHe (rpymmer -1, I'-2, I'-5, I'-7, T'-8), u
TOJIBKO Y JIeBoYeK 7 U 8 Kiacca ropoAcKoi mkonsl (rpymmsl -3, I'-4) u Manb4ukoB
8 KJmacca cenbcKkoil mKkounsl (rpynma ['-6) oH 10CTUT cpenHero ypoBHS.
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THE LEVEL OF PHYSICAL PREPAREDNESS AND DEVELOPMENT OF
MOTOR SKILLS IN CHILDREN OF SECONDARY SCHOOL AGE IN URBAN
AND RURAL SCHOOL

Grabovskaya E. Yu., Belogub N. V., Arkhangelskaya E. V.

V.1. Vernadsky Crimean Federal University, Simferopol, Crimea, Russia
E-mail: grabovskayal3@mail.ru

The growth of the educational load, a significant decrease in the motor activity of
children and adolescents in overtime, a decrease in the number of students attending
additional sports activities, leads to a deterioration in physical condition and a decrease in
physical fitness of modern schoolchildren compared to their peers 20-30 years ago. The
physical training of the younger generation is now largely confined to school. For the
majority of schoolchildren physical education lessons are not only the main, but often the
only form of their physical education. Numerous researchers write that in modern school
educational systems of physical training are improved, innovative technologies of training
are introduced, the modern sports equipment is more various used, training of professional
experts in this field is more qualified, but, nevertheless, physical training of graduates of
high schools remains at the low level.

Currently, the study of this problem are engaged in many professionals trying to find
new opportunities to improve the quality of physical fitness of students. Unfortunately,
school practice shows that the level of physical fitness and the results of physical activity
of schoolchildren studying in urban and rural schools are different. In this regard, there
was a problem of practical study of the physical fitness of students of secondary school
age enrolled in different schools — urban and rural.

85 children of secondary school age were examined: 45 children enrolled in the city
school were engaged in additional sports, and 40 pupils enrolled in the rural school were
not engaged in sports. The age of all surveyed students 12 to 14 years. The physical fitness
level was assessed in groups of subjects. The main physical qualities of the organism were
evaluated: strength, speed, flexibility, endurance, dexterity (coordination abilities). To
assess the level of physical fitness of children of secondary school age, they chose
"Presidential competitions"”, which include, in particular, sports all-round (tests). All
schoolchildren were evaluated speed abilities, power abilities, agility (coordination
abilities), speed-power abilities, flexibility and endurance.

Studies have shown that children of urban and rural schools have different levels of
physical fitness and development of basic motor skills. It is established that in boys of city
school both in 7, and in 8 class practically all indicators are on "average" and "high" level,
except for the indicator of force which corresponds to "low" level of development. The
level of physical fitness is even better for all girls in urban schools, as all indicators are
"high" and "medium". For rural school children the situation is different-there is a greater
variation in the level of development of certain motor qualities and a lower overall level of
physical fitness. However, there was a significant increase in the level of development of
motor skills and physical fitness level among boys 8th grade, compared to 7 class.

Keywords: physical fitness, motor skills, middle school age, urban school, rural school
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OCOBEHHOCTU BUOINEKTPUYECKOWU AKTUBHOCTU MbILLL
KUCTU U NPEAMJIEYbA Y CNOPTCMEHOB ALIMKITUMYECKUX BUOOB
CMOPTA

/icendyoaesa 3. P., Tymanany K. H., Yysan E. H.

Taspuueckan akademusn (cmpyxkmypnoe noopazdenenue) @PIrA0Y BO «Kpvimckuii pedepanshuiii
ynusepcumem umenu B. H. Bepnaockozo», Cumepeponons, Pecnyonuxa Kpoim, Poccusn
E-mail: delviza@mail.ru

C nomompio 3IeKTPOMHOrpadhIIecKoro MeToja MOBEPXHOCTHOH HMHTep(EpeHIIMOHHON 351eKTpoMHorpadun
OblT NPOAHATM3MPOBAH XapaKTep COCTOSHMS MBIIII TpEJIUIeubs M KUCTH Ha ()OHE OIIEKTPUUECKOH
aKTUBHOCTH BO BPEMsI CUJIOBOH TATU y CHOPTCMEHOB ACHHXPOHHBIX BHJIOB CIIOPTA.

Knrwouesvie cnosa:. noBepxHOCTHas MHTEPHEPEHLMOHHAS dIEKTPOMUOrpadus, MaKCUMaJIbHAasi aMILUTUTYIa M
Y4acTOTa TYPHOB, MBIIIIBI IPEIICUbs 1 KUCTH, OOpIIbI, 0aCKeTOONNCTBI, TXIKBOHINCTHI.

BBEJIEHUE

UzBecTHO, 4YTO (YHKIMOHANBHBIE BO3MOXHOCTH HEPBHO-MBIIIEYHONW CHCTEMBI
(HMC) cropTCcMEHOB SBIISFOTCSI OJHUM W3 BAXKHEHIIUX (HAaKTOPOB, BIHUSIOMUX Ha
pe3yapTaT MX CIOPTUBHOW HAesTenbHOCTH. Pa3paboTka HOBBIX M COBEPIIECHCTBOBAHHE
TPaIWUIIUOHHBIX CIOPTHBHBIX M O3[JOPOBHUTENBHBIX TEXHOJOTMH HEpPa3pBIBHO CBS3AHBI C
YPOBHEM 3HAHHUU O CTPYKTYpe U (HUIUOIOTUYECKUX IPOIeccax HEPBHO-MBIIICYHOTO
anmapata, a TaKkKe O MEXaHW3MaX YIpPaBIeHHS JBIKECHUSAMH  Pa3NAIHON
KOOPJIMHAIIMOHHON CJIIOKHOCTH. [Ipu 3TOM, HECMOTpPS Ha OONBINIOE KOIHYECTBO HAYIHBIX
myomukammii  [1-3], mpobiiema oOIeHKHM (QYHKIHOHAIBHBIX BO3MokHOcTelh HMC B
KauecTBe COCTaBISAIONIEH (PYHKIIMOHAIBHON CHCTEMBI ABM)KEHHS CIIOPTCMEHa pPacKphITa
HEIOCTaTOYHO.

B Hacrosmee BpemMs B CIIOPTHBHOW (DH3MOJOTHH IS OIEHKH cocrosHus HMC
WCIIONB3YIOT TaKWE METO/bI, KaK JUHAMOMETPHS U AIeKTpoHerpomuorpadus [1, 2, 4, 5].
OpHako Takoro TMOAXOAa HETOCTaTOYHO Ui KOMIUIEKCHOW OLEHKH (DYHKITMOHAIHHBIX
BO3MOXKHOCTEH JaHHOHW cucTeMbl. Ha Ham B3IJIsi1, 9TH 3HaHUS MOTYT OBITh CYIIECTBEHHO
yIayOleHbl W pAacHMpeHbl C MOMOINBI0 HCIONB30BAHUS METOAA IMOBEPXHOCTHOM
nHTephepeHInonHoi 3mekTpomuorpaMmbl (II9MI), ocHOBaHHOW Ha perucrpauvud u
aHaJM3e DIIEKTPUYECKOW AKTUBHOCTH MBIIII] B COCTOSIHHH IIOKOS W TIPW BBHITOJHEHHUH
MIPOM3BONBHBIX JIBUTATENbHBIX JACHCTBUM [5]. AHamM3 COBpeMEHHBIX HaHHBIX [6, 7]
MMO3BOJIMJI  YCTAHOBUTH IEIECOO0pa3HOCTh ucmonb3oBaHus [IOMIT mis  omeHkw
(hyHKIIMOHATBHBIX BO3MOXHOCTeH HMC cropTCMEHOB NMUKIMYECKHUX W AIUKIHYECKUX
BHJIOB CIIOpTA.
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B cBsi34 ¢ BBIIIEU3I0KEHHBIM LEJIbI0 JAHHOTO UCCIIEJ0BAHUS SBUJIOCh YCTAHOBJICHUE
ANEKTPOMUOTpaUIECKUX IMOKa3aTeneldl MBI KUCTH M MpeAryiedbs,, y4acTBYIOIIMX B
CKaTUM KUCTU B KyJaK, y CIOPTCMEHOB allUKIMYECKUX BHUJIOB CIIOPTA C ITOMOLIbIO METOAA
MOBEPXHOCTHOW MHTEP(EPEHINOHHON dJIEKTPOMHOT PAMMBEI.

MATEPUAJIBI U METO/IbI

Pabora Obuta BemonHeHa Ha 0aze LIeHTpa KOJUIEKTHBHOTO IMOJB30BAHUS HAYYHBIM
obopyznoBanueM «DKCIIepUMEHTaNbHas (U3NONOrus W Onodu3mka» TNpu Kadenpe
(¢u3MONIOrMM 4eloBeKa U JKUBOTHBIX M Owodusukm TaBpuueckoir akagemuun (CII)
OI'AOY BO «KpeiMckuii denepanbhbiii yauBepcuter nuMenn B. 1. BepHajackoroy.

B wuccnenoBanmsax mpuHsuiin ydactre 30 CIIOPTCMEHOB, CHENMATH3UPYIOIIUXCS B
OackerOoie, 6opb0Oe U TX3KBOH/O. /laHHBIC BUJBI CIIOPTUBHOU JEATEIBLHOCTH, COTIJIACHO
KJ'IElCCI/I(l)I/IKaHI/II/I 10 CHOpTPIBHOﬁ (1)I/ISI/IOJ'IOI‘I/II/I, OTHOCAT K allUKJIMYCCKHUM BHUAaM CHopTa.
Y4YacTHUKM HCCIACIOBaHMS UMENIU CIOpTUBHYIO KBanugukanuio ot |-l paspsna no
Macrtepa croprta, Bo3pact cocraBmi 18-25 jner. B kauecTBe 00ObeKTa HCCICIOBaHUIA
BBIOpaHa KHCTh PyKH YEIOBEKa.

OCHOBHBIM METO/IOM HAIIIEr0 HCCIEeNOBAaHMS SBIsUIach mnoBepxHocTHas (IIOMI)
nHTepdepeHPuoHHAS IEKTPOMHUOTPAdSL.

OTBCZICHI/IC " perucrpanusa 6I/IOHOTCHIII/IaHOB CKEJICTHBIX MBI OCYINECTBIAINUCE 10
obmenpuHATO Meromuke [8] ¢ MOMOIIBI0 MHOTO() YHKIIMOHAIBHOTO KOMITBIOTEPHOTO
komiuieke  «Helipon-Criexktp-5/S»  ([exnmapammss o  coorBerctBun  Ne  POCC
RU. UM 18. JI00816, ot 27.01.2014 mo 26.01. 2024) ¢ ucHONB30BaHHEM MPOTPAMMBI
«Heiipo-MBIL.NET» (Bepcus 3) (OOO «Heiipocodt», Poccusi, r. UBanoso, 2015).

s peructpatuu [IDMI ucnons3oBanu npody «Muatepdepenimontas SMI». bouin
OTIpEICNIEHBI CISMYIONTNE ABKEHUS: pacciabieHHas KucTh (30 cekyHn), CKaTHe KUCTH B
kynak (30 cekynnm), paccmabmenue kuctu (30 cexkynm). OcHOBaHMEM il UX BBIOOpa
MOCITYKUJIO TO, YTO OHM HAWIYYIIUM 00pa30M COOTBETCTBYIOT JIBUKCHUSM TIPH 3aXBaTe
MPEMETOB.

Ha ocHOBe pe3ynbTaToOB aHaiM3a aHATOMHUYECKOTO CTPOCHUS PYKH deiaoBeka [9]
ObUTH OTOOpaHBI YETHIPE MBIIIIIBI, (POPMHUPYIONIHE B HAMOONBINEH CTEIIeHH BHIOpaHHBIE
0a30BbIE TBUKECHUSA:

—  IIOBEPXHOCTHEIHN crubarens mansieB (Musculus flexor digitorum superficialis);

—  pasrubarens mamsies (musculus extensor digitorum);

—  UIMHHEBIA pasrubarens 6onsimoro mamsia (musculus extensor pollicis longus);

—  KOpoTKuii crubarens 6ombimoro manbia kucta (musculus flexor pollicis brevis).

3aperucTpupOBaHHbBIC AIICKTPOMUOTPAMMBI MTOJIBEPTAUCH TPAIUIMOHHOMY aHATU3y
[8, 10]. IIpu aTom oneHuBanm takume mapamerpsl [IOMI', kak yacToTa M MakCUMaibHas
aMIUTUTYIa TYPHOB («moBopoTOB») [11]. PerucTpaiius MuorpamMm mo3BOJIUT MPOBECTH
TOHKHH aHanmu3 pabOThl 3aJCHMCTBOBAHHBIX MBI M BBISBUTH ONTHMAIbHOE
COOTHOIIEHHE UX HanpspkeHui [12].

[lonydeHHble MaHHBIC TIOABEPralld CTATUCTHUECKOM o00paboTke. IIpoBepky Ha
HOPMAJIbHOCTh PACIPENCICHUS] BEMYUH OCYIICCTBISUIA C TOMOIIBIO KoddduimeHTa
Konmmoroposa — CmupHOBa. JIOCTOBEPHOCTh PA3NIUYUi CPEIHUX BEIUYHMH HE3aBUCHMBIX
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BBEIOOPOK OLIEHUBAJIH C IIOMOIIBLI0 HEIapaMeTpUUYECKOro kpurepus Manna — Yutau. s
CTaTUCTUYECKOTO aHajM3a pPe3yJbTAaTOB HCCICIOBAHUS HCIIOAB30BAIM MPOrpamMMy
«Statistica 10,0».

PE3YJIBTATHI U OBCYXXJAEHUE

PesynbTaThl HccnenoBaHus MOKa3aid, YTO MPH pacciableHHOW KUCTH MaKCUMallbHas
amruuTyAa cokpameHuit [IOMI o nccnemyeMblM MBIIIIAM pa3idyanach y CIIOPTCMEHOB
pasHOl TPOQPECCHOHAIBLHONW HAMPABICHHOCTA. Tak, MaKCUMaJbHBIM IOKa3aTelb ObLI
3apEerMCTPUPOBAH  y  TXOKBOHAMCTOB Tipu otBemermua ¢ M.flexor pollicis brevis
(109,54+42,88 mxB) (tabm. 1, puc. 1) JlocToBepHBIE OTIMYMS MaKCHMAJILHOM aMILIHTY/IBI
[IOMI npu paccnabiaeHHON KHCTH OTMedatich u nipu otBeneHunu ¢ m.flexor pollicis longus
y cnoprcMeHoB-0opiioB  (60,15+£33,14 wmkB). Ilpu >TOM JaHHBIM TOKa3aTellb Y
0acKkeTOOIMCTOB M TXIKBOHIUCTOB ObLI BhIle B cpeHeM Ha 39,64 % (p<0,01) (puc. 1a).

Taoauna 1.
oxa3aTesun nHTEPdEPEHIIUOHHON MOBEPXHOCTHOI 3JI€KTPOMHOTIPAMMBI
HCCJIeAYEMBIX MBI Y CIIOPTCMEHOB AIUKJINYECKHX BHIOB

Hccnenye- Tect Ilokazarenu ['pynnbl cnopTcMEHOB
MbIe Boproa (1) Backetoomn (2) | TaxBonmo(3)
MBIIIIIBI
Flexor Paccnabnena | MakcumalbHas 64,15+33,55 57,45+38,47 53,83+31,44
digitorum KHUCTh aMILTUTY/IA,
superficialis MKB
Cixarue Maxkcumanbuas | 1224,80+733,48 | 1098,35+525,73 | 897,43+381,41
aMIUTATY/a,
MKB
Cpenuss 225,26+63,15 243,90+69,21 231,22+60,05
yacrora, 1/¢
Awmru./gacr., 1,28+0,30 1,35+0,56 1,23+0,44
MKB*C
Paccnabnena | MakcumanbHas 69,89+33,72 67,73+40,22 77,40453,30
KUCTh aMIUINTY/aa,
MKB
Extensor Paccnabnena | MakcumalibHas 31,80+24,18 36,13+30,96 34,58+25,72
digitorum KHCTb aMIUTATY/IA,
MKB
Cxatne Maxkcumanbnas | 1512,57+1147,36| 844,88+545,06 | 610,46+241,06
aMILIATY/IA, p1.2<0,03 p1.2<0,03 p1.3<0,01
MKB p13<0,01
Cpennsist 207,51+83,15 168,57+54,27 153,17450,52
yacrora, 1/c p1.2<0,03 p1.2<0,03 p1.3<0,03
p1,3<0,03
Awmiu./gacr., 6,01+8,53 1,86+1,07 1,60+0,73
MkB*C
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Tlpoodonicenue mabruyot 1

Paccnabnena | MakcuMaibHast 30,08+20,13 28,19+18,55 37,23+23,76
KUCTh aMIUIUTYaa,
MkB
Flexor Paccnabnena | MakcumanbHas 60,15+33,14 100,04451,27 99,28+44,43
pollicis KHACTh aMILTUTY 1A, p12<0,05 p12<0,05 p13<0,03
longus MKB p13<0,03
Cixatue Maxkcumanpnas | 1019,44+743,53 | 772,50+246,69 | 625,82+239,24
aMIUIATY[a, p23<0,01 p23<0,01
MkB
Cpennss 200,21+91,50 213,51+35,33 196,24+65,22
4yacToTa, 1/¢ p2,3<0,05 p2,3<0,05
Awmm./gacr., 2,62+2,38 1,08+0,22 1,22+0,49
MKB*C
Paccnabnena | MakcuMaibHast 66,97+28,25 80,83+33,12 105,29+46,76
KHUCTh aMIUIUTY/a,
MKB
Flexor Paccnabnena | MakcumalbHas 77,11+45,59 92,54+52,54 109,54+42,88
pollicis KHCTb aMILIUTY/IA,
brevis MKB
Cixartue MaxkcumansHasg | 1929,13+1020,62 | 2228,54+1108,08 | 1784,43+885,54
aMILTUTY/IA, p13<0,01 p2:3<0,01 p1,3<0,01
MKB p2:3<0,01
Cpenusis 28761474555 | 282,02+4320 | 266,17+51,64
yacrora, 1/c
Amiu./gacr., 1,31+0,35 1,41+0,40 1,44+0,58
MkB*C
Paccnabnena | MakcumanbHast 70,13+42,26 77,98+38,62 95,61+43,79
KHCTh aMILIUTY/I, p13<0,01 p1,3<0,01
MKB

Ilpumeuanue: p 12,3 — JOCTOBEPHOCTb MOITYYEHHBIX PE3YNIBTATOB M0 KpUTEpHI0O MaHHa — YUTHU

[Ipu cxxaThw KUCTH B KyJIaK U3MEHEHUS MaKCUMaJIbHON aMIUTUTYI6I TypHOB [IOMI ¢
m. extensor digitorum u m.flexor pollicis brevis mokasano, 9T0 MakCHMaIbHOE 3HAUEHHE
ero ormewaercs y OopmoB (1512,57+£1147,36 mxB wu 1019,44+743,53 wmxB),
MUHUMAJNBHOE — y TXAIKBOHIUCTOB (610,46+241,06 MxB u 625,824+239,24 mxB), uro
Menbire Ha 59,64 % (p<0.01) m 38,61 (p<0.01) coorBerctBenHo. Ilpm perucrpammu
IIOMI" ¢ m.flexor pollicis brevis mMakcumanbHBIN TaHHBIA [TOKa3aTedb OTMEYANCS Yy
0acKeTOOINCTOB.

[Ipu paccrmabiieHnM mMocie CXKaThsl KUCTH TOCTOBEPHBIC OTIMYWS B MaKCHMAaJTbHOMN
aMIUTATYyIe TYPHOB OBLTH 3apETUCTPUPOBAHBI MEXKIY OOpIaMH U TXOKBOHAMCTAMH IIPH
orBenenuit ¢ m.flexor pollicis brevis u m.flexor pollicis longus. Tlpu 3ToM naHHbIE
MOKa3aHUS Y CIIOPTCMEHOB-TX9KBOHAMCTOB ObUIHM B cpeaHeM Ha 32,04 % (p<0.01) Beiwe,
4YeM TakoBbIe Y 60p1oB (puc. 1B).
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Puc. 1. M3MeHeHne moka3aTenss MaKCHMaJdbHOW AMIIIUTYAB!I MBIIMICYHBIX TYPHOB
HCCIIeyeMBIX MBI TpU pacciadbneHHod kuctu (A), cxaroid kucth B kymak (b),
paccnaOneHHoil nmocie cxxatust Kuct (B) y ciopTcMeHOB alMKIMYecKX BUAOB CIIOPTa
Ipumeuanue: * — JIOCTOBEPHOCTh TONYYCHHBIX PE3YJAbTATOB MEXKAY TIpyHrnamud OOpLOB U
6ackeTOONNCTOB 1O KpUTeprio MaHHa — YUTHH; + — MEXIy TPyIIaMu OOpIIOB M TXIKBOH/HCTOB;
N — MeXIy TpylnramMu 0ackeTOOIHCTOB H TXOKBOHIHCTOB.
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[Tpu ananm3e u3MeHeHHs 4acToThbl TypHOB [IDMI mpu cxatuu KUCTH B KyJaK y
CIIOPTCMEHOB pa3HbIX HAINPABJICHUH BBISBUII JOCTOBEPHBIC OTJIHYMS 3TOrO TOKa3aTess
npu peructpauuu ¢ M. extensor digitorum u m. flexor pollicis longus (puc. 2). Tak, npu
oTBeeHuH ¢ M. extensor digitorum oTauuns OTMEYaTHCh MEKIY TTOKa3aTeIsIMK Y OOPIIOB
u Oacker6omucroB (Obu1 BbIIe Ha 18,77 %; p<0,03) 1 OOpLOB M TXIPKBOHAMCTOB (Ha
26,19 %; p<0,03); mpu orBemenuu ¢ m.flexor pollicis longus — mexxay 6ackerbonucTamu u
TX3KBOHAUCTaMu (Bhimie Ha 8,09 %; p<0,05).
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Puc. 2. H3meHenue mokasarens cpeaHed 4actorel (1/C) TypHOB yYaCTHHKOB
WCCIIEIOBAHUS MBI TIPU CKATOM KHCTH B KYJIaK Yy CIIOPTCMEHOB aIlMKJIIMYECKHX BHUIIOB
criopTa (To4ka — cpeaHee apudmernaeckoe, MpIMOYTOIBHIK — CTaHIaPTHAS OIIHOKA)

TypHO-aMINIATYTHBIA ~aHANIW3 3apETUCTPUPOBAHHBIX OMI' BBISIBHI, YTO TpH
BBITIOJTHEHUN cKaTus KHACTH y CIIOPTCMEHOB pasHBIX HaTpaBIeHUN
ANIEKTPOMUOTpapHUCSCKUil PUCYHOK uMeeT chenuduueckue ocobenHoctu (puc. 3).
CoeoOpaszue pucynka OMI' mposiBiseTrcss B pPa3NIMYHBIX BEIWYHHAX AMIUTATYIB U
KOJIMYeCTBE TYpPHOB, a TaKkKe B TMOPSAAKE AaKTHBAIMH WCCIEAYEMBIX MBI TpH
BBITIOJTHEHUN CXXATHS KUCTHA. DTO MO3BOJSET BBISIBHTH «HEHY)KHOE» HANPSHKEHHUE MBIIIIII,
KOTOPOE CaM CIIOPTCMEH MOKET HE OCO3HABATb.

Takum  obpazomM, C TIOMONIBIO  3JIEKTPOMHOTpadUUEcKOro Meroma  ObLT
MIPOAHATM3UPOBAH XaPaKTeP COCTOSIHHSI MBI TPEATICYbsS M KHUCTH, yYaCTBYIOIIMX B
CKaTUW KHUCTU B KyJNlaK, Ha (POHE IEKTPHUUECKOW aKTUBHOCTH BO BpPEMS MaKCHMAaJIbHOU
CHJIOBOH TSTH y CIIOPTCMEHOB aCHHXPOHHBIX BUJIOB CIIOPTA.

N3BecTHO, uyTO ammmTyna U yacrora OMI, KOTOpble HapacTalT TrpaayaibHoO,
OIPENENSIOTCS] KOJMYECTBOM BO30YKIEHHBIX JBUTATENFHBIX SIUHUII, & TAKXKE CTEIIEHBIO
CHHXPOHHU3AIMU WX BO3OYXKIeHHs. JTO CBSA3aHO C TeM, YTO CHadala aKTUBUPYIOTCS
JBUTATENbHBIE SMHUIIBI, 00JIafatonme Oonpieii Bo30yInMocThio, a 3ateM apyrue [13].
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MexaHu3mbl  JTaHHBIX (PEHOMEHOJIOTHI  MBIIICYHBIX COKPALICHHH  ONpEenessIFoTCs
YBEINYCHHEM YacTOThl HEPBHBIX MMITYJIbCOB, TMOCTYMAIONIMX B CKEIETHBIC MBIIIIBI OT
MOTOHEHPOHOB CITMHHOT'O MO3Ta, BOBJIICUCHHUEM B pabOTy OOJBIIOrO YMcia IBUIATEIbHBIX
CIUHUI, CHUHXPOHM3ALMEH WX aKTUBHOCTH, MPUBOMAIIMX K TIOBBIIICHUIO CHJIBI
COKpaliieHus Mpiisl [ 14-16].
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Puc. 3. [Tokazanus TYPHO-aMIUTUTYJHOT'O aHanausa MOBEPXHOCTHOU
nHTep(HEpEeHIINOHHON 3JIEKTPOMHOTPAaMMBI MBIIII] KUCTHA U MPEIIUIeYbs, YIaCTBYIOIINX B
cKaTthuu B KyJak, y 6opuoB (A), 6ackerbonucros (b) 1 Txa3xBoHAMCTOB (B)

Hamm nanHble W MCCAeAOBaHUs JApyrux aBTopoB [17-19] mokasanu Hamuuue
Pa3TUYHBIX DJIEKTPOMHOTPA(UIHAX MOPOTOB Y CIIOPTCMEHOB PA3IWYHBIX HAIPaBIICHHA.
[losiBieHne MaHHBIX M3MEHEHHWH Yy CIIOPTCMEHOB AaBTOPHI OOBSCHSIOT BO3MOXKHOCTBIO
BKJIFOUEHHUs] B pabOTy pasMUYHBIX THIIOB MBIIIEYHBIX BOJIOKOH (TIEPEXOMHBIX W
TJINKOIUTUYECKHUX ) B OTBET HA MOBBIIICHNE HHTEHCHBHOCTH HATrPYy3KH JI0 OMPEIEIEHHOTO
ypoBHs. Taroke mokazaHo, 4TO pEKPYTUPOBAHNE HOBBIX JBUTATENBHBIX €MUHUI (0OCOOEHHO
obicTpo cokpamaromuxcsi: II-1 u 1[-0 TumoB) 0OYCIOBIEHO MEXaHW3MaMH Pa3BUTHS
YTOMJICHHS JIOKAJIHOTO W OOIIEero renesnca. TakuM oOpa3oM, BBISBJICHHEIE PE3yIbTaThI B
JMaHHOH paboTe MOryT OBITH OCHOBOHM IS pa3pabOTKM METOMUKH OIEHKH pPEe3epPBHBIX
BO3MOXHOCTEN Pa3IMYHBIX 1O TUITY MBIIIEYHBIX BOJIOKOH € Ucnoiib30BanueM [IOMI'.
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Pesynpratel uccnemoBanuit CJ De Luca [17] u S. Green [20] cBumeTenbCTBYIOT O
TOM, YTO C YBEJMUCHHEM 4YHCJa aKTUBHPOBAaHHBIX BBICOKOCKOpOCTHBIX II-1 m II-6 Tuma
(TTTMKOMUTHYECKHUX ) MBIIIEYHBIX BOJIOKOH CTpeMHUTeNnbHee pacter amiuutyga OMI. Orto
o0yclioBIMBaeTCs yBEIMYEHHEM BKIaga aHadpoOHOro sHeproodecmedeHus. To ecTb
3HAUUTENBHBIA TpUpocT aMIuUTyAsl [IOMI' pasnuuHBIX MBI KUCTH M TPEAIieubs,
y4acTBYIOIIUX B CXATUU KUCTH, OOycioBieH crnocobHocthio HMC Kk BKIFOUEHHIO
OONBIIOTO  KOMMYECTBa OBICTPOCOKPAINAIOMIMXCS MBIIICYHBIX BOJOKOH, a TaKke
CHUHXPOHU3AllUM  JCUCTBHUSA JBHMTATCIbHBIX CIWHUI W  BBICOKUMH PE3ECPBHBIMU
BO3MOXXHOCTSMH BBICOKOCKOPOCTHBIX MBITIIEYHBIX BOJIOKOH [21].

PesynbTaTthl  3neKTpOMHOrpaMuUecKUX  WCCIENOBAHWN MBI MOTYT  OBITh
WCTOJNIB30BAHBl TIPU  BBIOOpDE CpEACTB M METONOB (u3mueckoil peabunuranuw,
HATpaBJICHHBIX HAa ONTHMU3UPOBAHHBIC KOOPJMHAIMOHHBIE B3aMMOOTHOIICHUS B
MEKMBIIICYHBIX CBS3SAX TP BBHIIOJHEHUH CIICIHMAIbHOW CHUJIOBOH TPEHHPOBKU Y
CIIOPTCMEHOB Pa3HbIX HAIIPABICHUH MOITOTOBKHY.

3AKIIOYEHUE

1. Ilpu BHIIONHEHWH CXaTUs KUCTH Yy CIHOPTCMEHOB pa3HBIX HaAINpPaBICHHUH
3JIEKTPOMUOTPA(PUUECCKAN  PUCYHOK  HMEET  CrHenuduueckue  OCOOCHHOCTH.
CBocobOpasue pucynka OMI' mposBIsSeTCS B pa3IUYHBIX BEIWYMHAX aMILTUTYIbI U
KOJIMYECTBC TYPHOB, a TAaKXE B IMOPAAKE aKTHBAIHWKU MCCICAYEMBIX MBI IIPpU
BBIITOJIHEHUH CXKXAaTHUA KHUCTH.

2. Broicokue TmoKa3aHHWs MaKCHUMAILHONW aMIUIMTYAbl MBIIIEYHBIX KOJEOaHHW MpH
pacciiabJIeHHOW KUCTH PErUCTPUPYIOTCS Y TXIKBOHANUCTOB MpH oTBeeHuu ¢ M. flexor
pollicis brevis u y 6opiios — ¢ m. flexor pollicis longus. TIpu cxxaTvn KUCTH B KyJaak
Ooiee BBICOKME W3MEHEHHS MaKCHMAaJbHOH aMIUIMTYyAsl TYpHOB C M. exXtensor
digitorum u m. flexor pollicis brevis ormeuarorcs y 6Gopruos, Gojee HH3KHE — Y
TXOKBOHIMUCTOB. MaKCHMAaNbHBIA MaHHBIA TOKa3zaTeab Mpu orBemenuu ¢ m. flexor
pollicis brevis zaperucrpuposan y 6ackerbomucroB. Ilpu paccmabieHHH TIOCTE
CKaThid KUCTH JOCTOBEPHBIE OTIMYMA B MAaKCHUMaJbHOW aMIUTUTYAEe TYPHOB
3apEeruCTPUPOBAHBI MEKTY OOpIIAMU M TXIKBOHAMUCTAMH IpU oTBeaeHuu ¢ M. flexor
pollicis brevis u m. flexor pollicis longus.

3. JlocToBepHbIe M3MEHEHUsT 4acTOThl TypHOB [IDMI' oTMeuaroTcs mpu OTBEICHUU C
m. extensor digitorum (Mexay mokaszareasiMi y OOpiioB U 6acKeTOOIMCTOB, a TAKKE
OopioB M TX?KBOHIMCTOB); mpu otBemenuu ¢ M. flexor pollicis longus (mexmy
0ackeTOOoIMCTaMHU M TXOKBOHIUCTAMH ).

Paboma evinonnena npu gunancosoi noooepicke 8 pamKax UHUYUAMUBHOU YaACmU
eocyoapcmeenno2o 3adanus Ne 6.5452.2017/8.9 Munobprayku Poccuu 6 cghepe nayunoii
OesimenbHOoCmMuU memvl «Bpemennas opeanuzayus gusuonocuieckux cucmem yenoeexka u
HCUBOMHBIX:  (DEHOMEHONO2UA U MEXAHUSMbL 2eHepayuu U pe2yrayuu  MUKpo- U
Me30pUMMO8Y.

Paboma  evinoanmena  na  obopyoosamuu  KII ~ @IAOY  BO  «KQOY
um. B. U. Bepnaockoeo» «xcnepumenmanvuas gusuonoeus u ouopusuxay.

39



Hxendy6baesa 3. P., TymansiHy K. H., YysiH E. H.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

CnHCcoK TuTepaTypsl

T'oponamyes P. M. CrnoptuBHast snexrporeiipomuorpadus / P. M. l'opomanueB. — Bemuxue Jlykn:
BJITU®K, 2005. - 230 c.

Kanmnesnu JI. B.  ®usmonormueckne  meromsl  KoHTponss B cmopre /  JI. B. Kammnesny,
K. B. JlaBnerbsipoBa, E. B. Komensckas, 1O. I1. bpenuxuna, B. . Aaapees. — Tomck: U3n-Bo Tomckoro
MOJIMTEXHUIECKOro yHuBepcutera, 2009. — 172 c.

Machado F. A. Effect of stage duration on maximal heart rate and post-exercise blood lactate
concentration during incremental treadmill tests / F. A. Machado, A. C. Kravchychyn, C. S. Peserico,
D. F. da Silva, P. V. Mezzaroba // J. Sci. Med. Sport. — 2013. — V.16, Ne3. — P. 276-280.

Hug F. Occurrence of electromyographic and ventilatory thresholds in professional road cyclists / F. Hug,
D. Laplaud, B. Savin, L. Grelot // Eur. J. Appl. Physiol. —2003. — V. 90. — P. 643-646.

Komanrer B. H. Meroaudeckne OCHOBBI KITMHUYECKOW 3nekrpoHerpomuorpaduu / B. H. Komannes. —
PykoBoxcrBo mst Bpaueit. — CII6.: 2006. — 362 c.

Maestu J. Electromyographic and neuromuscular fatigue thresholds as concepts of fatigue / J. Maestu,
A. Chiccella, P. Purge, S. Ruosi // Journal of Strength and Conditioning research. —2006. — V. 20, Ne 4. —
P. 824-28.

CximamaniBepka I B. Ominka aepoOHMX MOXIJIMBOCTEH M’SI3iB i3 BUKOPHCTaHHSIM METOIY ITOBEPXHEBOI
enextpomiorpadii / I. B. CkmaganiBceka // AkTyanpHi mpobieMu (i3WdHOI KyNbETYpH Ta CIOPTY. —
2014. — Ne 32 (4). — C. 42-45.

Huxonae C.I'. IlpaktukymM 1o KIMHHYECKOH anekrpomuorpadum. [Ipaktuueckoe pyKoBOICTBO /
C.T'. Huxonaes // VBan. roc. men. akagemus. — M3n. 2-e., norr. — MBanoso, 2003. — 264 c.

Konecnukos JI. JI. Anatomus yenoseka. Atmac B 3-x Tomax. Tom 1. Ocreonorusi, apTpoCHHAECMOIOT U,
muonorus / Konecankos JI. JI. — M.: TDOTAP-Menua, 2017. — 480 c.

EcbkoB B. M. CyObekTrBHasT M OOBEKTHBHAs OLEHKA CTENeHH HampsbkeHus Meimn / B. M. Ecbkos,
0. I1. 3unuenxo, B. B. Ecpkos, . IO. ®unarosa / BectHuk MockoBckoro yHuepcutera. Cepus 14.
Icuxomorus. —2016. — Ne 2. — C. 19-35.

Jlamuums B. T1. K Bonpocy ananu3a uHTephepeHIMOHHON (cyMMapHOW) anekTpomuorpammsl (OMI) /
B. IL. Jlammmmn, C.T'. Huxonaes, C. B.T'yceB, I'. A.Ilanuenko // Marepuanst |l mexayHapogHoi
KoH(epeHIH «PaquodieKTpoHnKa B MEJUIIMHCKOW AnarHocTuke». Mocksa, ceHt. 1997. — M., 1997. —
C. 107-1009.

WBanoBa M. [1. KopkoBele MexaHW3MBI NPOM3BOJBHBIX IBIKeHUH denoBeka / M. I1. MBaHoBa. — M.:
Hayxa, 1991. — 193 c.

Anexcanzpos FO. U. OcHose nicuxopusuonoruu / F0. Y. Anexcanapos. — M.: UHOPA, 1998. — 432 c.
Aransan E. K. Ouepku no ¢pusuonoruu cniopra / Araunsui E. K., Bepnuuesckas E. M., Tpembau A. b. —
Kpacnonap: Oxounsecr, 2001. —204 c.

Trembach A. B. Characteristics of the electromyogramme of the biceps muscle of arm of weight-lifters at
various graduated weight bearing / A. B. Trembach // Theory and practice of physical culture. — 2000. —
No. 1. — P. 20-22.

Deschamps Th. Reciprocal iming precision and central adaptations as a function of mechanical
constraints / Th. Deschamps, A. Murian, F. Hug // Journal of Electromyography and Kinesiology. — 2011.
—No. 21. — P. 968-97.

Lucia A. Analysis of the aerobic-anaerobic transition in elite cyclists during incremental exercise with the
use of electromyography / A. Lucia, A. Sonchez, A. Carvajal, J. Chicharro // Br J Sports Med. — 1999. —
No. 33 —P. 178-185.

Effect of stage duration on maximal heart rate and post-exercise blood lactate concentration during
incremental treadmill tests / F. A.Machado, A. C. Kravchychyn, C.S. Peserico, D.F. da Silva,
P. V. Mezzaroba // J Sci Med Sport. — 2013. — V. 16(3). — P. 276-280.

Maestu J. Electromyographic and neuromuscular fatigue thresholds as concepts of fatigue / J. Maestu,
A. Chiccella, P. Purge, S. Ruosi // Journal of Strength and Conditioning research. — 2006. — V. 20(4). —
P. 824-828.

Green S. Measurement of anaerobic capacities in humans. Definitions, limitations and unsolved problems
/' S. Green, B. Dawson // Sports Med. — 1993. — V. 5, Is. 15. — P. 312.

40



OCOBEHHOCTU BUOINEKTPUYECKON AKTUBHOCTU MbILLIL ...

21. ZunigaJ. M. Electromyographic and gas exchange fatigue thresholds during incremental treadmill
running / J. M. Zuniga, M. P. Bubak, B. E. Fisher, D. E. Neighbors // Journal of Athletic Medicine. —
2013.- V.1, Is. 2. — P. 99-1009.

PECULIARITIES OF ELECTROMIOGRAPHIC INDICATORS IN ATHLETES
OF ACYCLIC SPORTS

Dzheldubaeva E. R., Tumanyants K. N., Chuyan E. N.

V. I. Vernadsky Crimean Federal University, Simferopol, Russian Federation
E-mail: delviza@mail.ru

With the help of the electromyographic method of surface interference
electromyography, the character of the state of the muscles of the forearm and the hand
was analyzed against the background of electrical activity during the traction of athletes of
asynchronous sports. The following movements were defined: relaxed brush (30 seconds),
compression of the hand into a fist (30 seconds), relaxation of the brush (30 seconds). The
reason for their choice was that they are best suited to the movements that capture objects.

It is shown that when performing brush compression in athletes of different
directions, the electromyographic pattern has specific features. The peculiarity of the
EMG pattern is manifested in different amplitude values and the number of thorns, and
also in the order of activation of the muscles under investigation when brush compression
is performed. This allows you to identify the "unnecessary" muscle tension, which the
athlete himself may not realize.

The results of the study showed that high readings of the maximum amplitude of
muscle oscillations with a relaxed hand are recorded in taekwondoers when being led
away from m.flexor pollicis brevis and in wrestlers with m.flexor pollicis longus. When
the brush is compressed into a fist, higher changes in the maximum amplitude of the turn
with m. extensor digitorum and m.flexor pollicis brevis are noted in wrestlers, lower ones
are for taekwondo players. The maximum given figure at an abduction with m.flexor
pollicis brevis is registered at basketball players. When relaxing after brush compression,
significant differences in the maximum amplitude of the thorns are recorded between
wrestlers and taekwondists in leads with m.flexor pollicis brevis and m.flexor pollicis
longus. A significant change in the frequency of the TEMG tours is observed with the
departure from m. extensor digitorum (between the indicators of wrestlers and basketball
players, as well as wrestlers and taekwondo players); at the lead with m.flexor pollicis
longus (between basketball players and tackwondo players).

Thus, the results of electromyographic studies of muscles can be used to select the
means and methods of physical rehabilitation aimed at optimized coordination
relationships in intermuscular connections when performing special strength training for
athletes of different training areas.

41



Hxendy6baesa 3. P., TymansiHy K. H., YysiH E. H.

Keywords: surface interference electromyography, maximum amplitude and

frequency of thorns, forearm and hand muscles, wrestlers, basketball players, taekwondo

players.

References

1. Gorodnichev R. M. Sportivnaya elektroneyromiografiya, 230 p. (are Great Luke: VLGIFK, 2005).

2. Kapilevich L. V., Davlet'yarova T. V., Koshel'skaya E. V., Bredikhina Yu. P., Andreev V. |.
Fiziologicheskie control methods in sport, 172 p. (is Tomsk: Izd-vo of the Tomsk polytechnic university,
2009).

3. Machado F. A., Kravchychyn A. C., Peserico C.S., da SilvaD.F., Mezzaroba P. V. Effect of stage
duration on maximal heart rate and post-exercise blood lactate concentration during incremental treadmill
tests, J. Sci. Med. Sport, 16, 3 (2013).

4. HugF., Laplaud D., Savin B., Grelot L. Occurrence of electromyographic and ventilatory thresholds in
professional road cyclists , Eur. J. Appl. Physiol., 90, 643 (2003).

5.  Komancev V. N. Metodicheskie bases of clinical elektroneyromiografii, 362 p. (it is Guidance for
doctors. SPb., 2006).

6. MaestuJ., Chiccella A., Purge P., Ruosi S. Electromyographic and neuromuscular fatigue thresholds as
concepts of fatigue, Journal of Strength and Conditioning research, 20, 4 (2006).

7. Skladanivska I. V. Ocinka aerobic possibilities of muscles with the use of method of superficial electro-
myography, Issues of the day of physical culture and sport, 32, 4 (2014).

8. Nikolaev S. G. Praktikum on a clinical electro-myography — Nikolaev S. G. is Practical guidance, 264 p.
(Ivan. gos. honey. academy Edition 2th., dop. lvanovo, 2003).

9. Kolesnikov L. L. Anatomiya man. An atlas is in 3th volumes, 480 p. (Tom 1. Osteology,
artrosindesmologiya, miologiya. are GEOTAR-medias, 2017).

10. Eskov V. M., Zinchenko Yu. P., Eskov V. V., Filatova D. Yu. Sub'ektivhaya and objective estimation of
degree of tension of muscles, Announcer of the Moscow university. Series 14. Psychology, 2, 19 (2016).

11. Lapshin V. P., Nick S. G., Gusev S. V., Panchenko G. A. To the question of analysis of interference
(total) electromyogram (EMG), Materials of the Il International conference «Radio electronics in
medical diagnostics» Moscow, sent. 1997. - Sb. dokl., 107. (M., 1997).

12. lvanova M. P. Korkovye mechanisms of autokinesias of man, 193 p. (M.: «Science», 1991).

13. Aleksandrov Yu. I. Osnovy to psikhofiziologii, 432 p. (M.: INFRA is Mcode, 1998).

14. Aganyanc E. K. ,Berdichevskay A. E., Trembach A. B., Ocherki on physiology of sport, Aganyanc e.k.,:
Ekoinvest, 204 p. (Krasnodar 2001).

15. Trembach A. B. Characteristics of the electromyogramme of the biceps muscle of arm of weight-lifters at
various graduated weight bearing, Theory and practice of physical culture, 1, 20 (2000).

16. Deschamps Th., Murian A., Hug F. Reciprocal iming precision and central adaptations as a function of
mechanical constraints, Journal of Electromyography and Kinesiology, 21, 968 (2011).

17. Lucia A., Sonchez A., Carvajal A., ChicharroJ. Analysis of the aerobic-anaerobic transition in elite
cyclists during incremental exercise with the use of electromyography, Br J Sports Med,. 33, 178 (1999).

18. Machado F. A., Kravchychyn A. C., Peserico C. S., Da Silva D. F., Mezzaroba P. V. Effect of stage
duration on maximal heart rate and post-exercise blood lactate concentration during incremental treadmill
tests, J Sci Med Sport., 16, 3 (2013).

19. Maestu J., Chiccella A., Purge P., Ruosi S. Electromyographic and neuromuscular fatigue thresholds as
concepts of fatigue, Journal of Strength and Conditioning research, 20, 4 (2006).

20. Green S., Dawson B. Measurement of anaerobic capacities in humans. Definitions, limitations and
unsolved problems, Sports Med., 5, 15 (1993).

21. ZunigaJ. M., Bubak M. P., Fisher B. E., Neighbors D. E. Electromyographic and gas exchange fatigue

thresholds during incremental treadmill running, Journal of Athletic Medicine, 1 (2013).

42



VYuensre 3ammcku Kpsimckoro ¢enepansHoro yansepeutera mmenu B. 1. Bepranckoro

buonorust. Xumust. Tom 4 (70). 2018. Ne 2. C. 43-56.

YK 663.1

BIIUAHUE N'YMUHOBbLIX BEWWECTB TOP®OB HA POCTOBbIE
NAPAMETPbl MUKPOOPIrAHU3MOB HE®TEOECTPYKTOPOB POLA
RHODOCOCCUS B NMPUCYTCTBUU TEKCAOEKAHA
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Tynvckuit 2ocyoapcmeennutii ynueepcumem, Tyna, Poccus
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CrnekTpoOTOMETPHIECKAM ¥ TPaBUMETPHYECKAM  METOJIAMH  BBISBIICH ~CTHMYIHpPYROIMA 3 dexT,
IPOSIBISIEMBIHl TYMUHOBBIMH BeIlleCTBaMH TOP(OB PA3IMIHOr0 FeHe3nca MPH KOHIEHTparmu 50 MI/J1 Ha pocT
U pa3MHOXKEHHE MHKpoopraHm3MoB HedremecTpykropoB Rhodococcus erythropolis S67 u Rhodococcus
erythropolis X5. MaxkcumanbHble MapaMeTpbl pocTa — yraedbHas CKOPOCTh POCTa, BPeMs YIBOCHHS
6uomMaccel — HabmrogaMMch 'y MUKpoopranu3amoB Rhodococcus erythropolis S67 B npucCyTcTBHH T'YMHHOBBIX
BEIIIECTB TPOCTHUKOBOrO Topda. I'yMHHOBEIE BEILIeCTBa, HAXOISLIMECS B PACTBOPE, CHIDKAIOT CTPECCOBBIC
ycnoBust Juisi MukpoopranusmoB Rhodococcus erythropolis S67 u Rhodococcus erythropolis X5, uro
criocoOCcTByeT Oornee ObicTpoll OHomerpajanmy MMH CyOcTpaTa — TekcaiekaHa, a Takke pocTy H
Pa3MHOXKEHHIO OakTepHil 3a CYET YBENMYEHHs PaCTBOPHMOCTH OPraHHMYECKOro CyOcTpaTa M CO3JAHHIO Ha
KJICTOYHOM MOBEPXHOCTU MOHOCIOHHOIO J3KpaHa, NMPEACTaBIIOIEro coboi ceTyaTslii QMWIBTp U3 MONEKYI
T'YMHHOBBIX BEIIIECTB.

Kniouesvie cnoea: cxeneTHas MBIIILIA, KATEXOIAMUHBI, apEHAINH, (HOPMOTEPOII, KPBICHI.

BBEJIEHUE

HedbTs m mpomykTel e mepepalboTKy MpHHAAICKAT K Hanbosee pacrpocTpaHeHHOMY
KJIacCy 3arps3HSIONINX BEIIECTB IIOYBEHHBIX U BOMHBIX cpell. [1o cTerenn BpeaHOro BIMSHUS
Ha DKOCHCTeMBI He(TETPOMYKTHl 3aHWMAIOT BTOPOE MECTO IIOCNIE PaJiOaKTHBHOTO
sarpsizaenus [1]. [pu 3ToM cymecTByommue METOAB TUKBUIAIINH TTOCIIEACTBHIN 3arpsa3HEHUS
HepThi0O W HedTEempoayKTaMy, BKIIOYAIONIME NPHUMEHEHHEe KOMIUIEKCA MEXaHMYeCKHX,
(PMBUKO-XMMUYECKHX W OHONIOTMYECKMX CIIOCOOOB OYMCTKH, HE BCErZa OTBEYAIOT
TpeOOBaHUSIM IKOIIOTHYECKOH OE30MMACHOCTH M3-32 YTPO3bI BTOPHYHOrO 3arpsi3HeHus [2].

Esxeronno B Tymbckoit o6mactu ucnonssyercst ot 200 1o 300 maa M° Bogsl. M3 »tux
BOJI B TIOBEPXHOCTHBIE BOJOEMBI 32 MCCIICAOBAHHBIN TIeproa ObII0 BeIOpomIeHo oT 199 no
166 mma ' Bomel. JlaHHBEIA TOKa3aTelb CyMMHPYETCS M3 OOBEMOB COPOIIEHHBIX
HOPMAaTHUBHO-YHCTHIX, HOPMATHBHO-OYHIIEHHBIX W 3arpsS3HEHHBIX CTOYHBIX BOA. M3 HHX
OoNBIINi 00BEM COCTABIISIFOT 3arPsI3HEHHBIE CTOYHBIE BOJIBI.

B cBsi3u ¢ 3TUM BechbMa BaXHBIM TPEICTABIISIETCS TIOMCK HKOJIOTHYECKHA 0e30MacHBIX
METOJIOB  JIMKBHUJAIIMHA TOCIENCTBUN HEPTSIHOTO 3arpsA3HEHUs, OCHOBAaHHBIX Ha
CTUMYJIHPOBAHUH W BOCHPOHU3BEICHUH MPHUPOIHBIX MPOIECCOB camoountienns. K takum
MpoIeccaM  OTHOCSITCS:  CBSI3BIBAHUE PACTBOPEHHBIX HE(PTSHBIX YIIEBOJOPONIOB C
MPUPOIHBIM OPTaHWYECKHMM BEIIECTBOM B HETOKCHYHBIE aJJTyKThl, €CTECTBEHHOE
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JCIICPTUPOBAHUE  IUICHOK  HE(pTH  TOJ  BO3ACHCTBUEM  OPraHOMHHEPAIBbHBIX
YIBTPATUCIICPCHBIX YaCTHUIl, COPOLIUS U JCTpajalys Pa3iuBOB HEPTH B IIOYBEHHOM CIIOC.
[Ipu »>TOoM Begynmm akTopom, onpenesiromuM 3PPEKTHBHOCTh YKa3aHHBIX MPOIECCOB,
SIBJISIIOTCSL TYMUHOBBIE BeliecTna [2].

I'ymunoBbie BemectBa (I'B) sBisiFOTCS HEOOXOTUMBIM 3BEHOM B OBOJIOIHMH
ouocthepbl, BaXHEHIIMM (aKTOPOM YCTOMYMBOCTH JKM3HEHHBIX mporeccoB [3, 4].
OyHKIIMY, BHIIOIHICMbIC TYMUHOBBIMH BEIIECTBAMU, — aKKYMYJIATUBHASI, TPAHCIIOPTHAS,
peryssiTopHasi, IPOTeKTOpHast U pu3nonornueckas [5].

B nannoi myOnukanuy OyaeT paccMaTprBaThes GU3HOIOTHYeCKast (PYHKIUS TYMHUHOBBIX
BEILIECTB TOP(OB, T. €. CIIOCOOHOCTh TYMHUHOBBIX BEILIECTB BBI3BIBAThL OIPEIC/ICHHBIC PEAKIIUT
IIpY MX B3aUMOJEHCTBUM C XHUBBIMU oOpraHmsmamu [4]. BzammonelcTByst C >KUBBIMH
opranu3Mamu, ['B B MaJibIX KOJIMYECTBAX BIIMSIOT HA POCT, MOIABIISS WA CTUMYIIHUPYS €ro.
OHH CITIOCOOHBI 3allUINATh JKUBBIC KICTKH OT TOKCHUECKOTO BO3JCHCTBUS IMPUPOIHBIX U
AHTPONOIreHHbIX coequHeHuid. ['B Moryr CiayXuTb HUCTOYHUKOM [UTaHUS  JUIS
MHKPOOPTaHI3MOB u TpaHCchOPMUPOBATHCS €CTECTBEHHBIMHU MHUKPOOHBIMHU
coobmectBamu [3]. ['yMHHOBBIC BEIIECTBA CIIOCOOHBI CBS3bIBATh PA3JIMYHBIC KJIACCHI
OKOTOKCUKAHTOB, 00pa3ys COCUHEHHsS C Pa3IMYHbIMA KJIACCAMU OPraHWYeCKUX H
HEOPraHUYECKUX BeIIeCTB. TeM CaMbiM OHH SIBJSIFOTCS CBOCOOpPA3HBIMU TIOCPEIHHUKAMH,
CMSITYAIOIIMIMHA JEHCTBHE TOKCHHOB Ha YKUBBIE OPTaHU3MEI [6].

Lenb wcciaenoBaHuss — YCTAHOBHTh BIIMSHUE T'YMHUHOBBIX BEIIECTB TOP(HOB
pa3IMIHOrO TeHEe3rca Ha MapaMeTphl pocTa MEKPOOPTaHU3MOB Rhodococcus erythropolis
S67 u Rhodococcus erythropolis X5, cocoOHBIX K OWoaerpajaiuu JIETKOH (pakiuu
He)TH — TeKcaaeKkaHa, I JaIbHEUIeH pa3paboTKu XUMHUKO-OMOIIOrHIecKoro copOeHTa
Ha OCHOBE TYMHHOBBIX BeIecTB TOPHOB U MHKPOOPTaHHU3MOB He(TENECTPYKTPOB poja
Rhodococcus, criocodHOr0 >(PQPEKTUBHO YTHIN3UPOBAThL HEPTIHBIC 3arps3HEHHUS B
BOJIHBIX U TIOYBEHHBIX Cpeax.

3agaun pabOTHI:

— OmpenenuTh KOJIWYECTBEHHBIE MapaMerpsl pOCTa MHKPOOPTaHW3MOB poOAa
Rhodococcus B TpUCYTCTBUM TYMHHOBBIX BEIISCTB TOP(OB, HCIONB3YS B
KauecTBe TeCT-(PYHKIINU BBIXO OMOMACChHI KIIETOK;

— OmpenenuTs KOJIWYECTBEHHBIE IapaMeTpsl pOCTa MHKPOOPTaHHW3MOB pOAa
Rhodococcus B TPUCYTCTBHM TYMHHOBBIX BEIIECTB TOP(HOB COBMECTHO C
reKCcaIeKaHOM KaK MIPEACTaBUTENEM JIETKON Ppakunu HedTH.

MATEPHAJIBI U METO/bI

OObexkTaMu HCCIENOBaHMUS SIBISUINCh TYMHWHOBBIE BeIecTBa TOP(HOB Pa3IHUHOTO
reHesuca Tymbckoit obOmacTu: TpocTHHKOBOro HuszuHHOrO (THT), depHOOMBXOBOTO
Hm3uaHOTO (UHT), charroBoro Bepxosoro (CBT) u cdarnosoro nepexomgroro (CIIT) [7],
BBIZIETICHHBIE TPAIUIIMOHHBIM METOJI0B BOJAHO-IIIEIIOYHOMN 3KCTpakiuu [8, 9].

rammer 6akrepuit Rhodococcus erythropolis S67, Rhodococcus erythropolis X5
monmydeHsl #3 Jabopartopuu IuiasmMun  MHCTHTYTa OHOXMMHM ©  (DM3HOIIOTHH
mukpoopranuzMos umenu . K. Ckpsouna PAH (r. [lymuno). bakrepun BXomsaT B cocTas
Ouonpermapara  «Mukpobak», ~ KOTOpBI  HCHONB3YIOT I OHOpeMeauaIuu
HedTe3arps3HeHHBIX TeppuTopuii [10].
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Paboune pacTBOpBI TYMHHOBBIX BEIIECTB TOTOBHJIM CIICAYIOIIMM 00pPa3oM: K TOUHBIM
HaBeckaM mipernapatoB ['B  gobGaBmsmm 0,1 M NaOH u ocraBmsiim A0 TMOJTHOTO
pacTBopeHus Ha 24 4. [Ing nocTikeHus HelTpanbHOro 3HadyeHuss pH pacTBopoB 1o
kamisaM go6asistiu 0,05 M HNOz wiu 0,05 M NaOH, pH koHTponHpoBaiu ¢ MOMOIIIBO
pH-merpa Annon 4154. ®oHoBbIM 31ekTponauToM ciryxui 0,1M NaNOs,

Mukpoopranusmsl KyJbTUBHPOBAIN B XKHUJAKOM MHHepaidbHOU cpene OBaHca [11] u
nonHoIeHHOM cpene Jlypus — bepranu [1, 18].

Bakrepun KynpTUBHpOBaIM B MpoOMpKax WM Konbax Opienmeriepa ¢ 5 wim 200 mi
JKUJIKOM cpefbl DBaHca COOTBETCTBEHHO, 2 % H-TeKcaJeKaHa U T'YMHHOBBIMHU BEIICCTBAMH B
koHueHTparmu 50 mr/n. KonObl MHAKyTMpOBallM KIIETOYHOW CYCHEH3HEH ¢ MOCEBHON J1030M
10°-10° KOE/Mn. MuKpoopraHu3Mbl KyIbTUBHPOBAIHM B OpOMTanbHOH Kavanke Excella E25
npu 180 06/MuH B TeueHne 1—6 CyTOK B 3aBUCMMOCTH OT LIeJH dKcriepumenta [12, 13, 17].

Tect-hyHKIMEH CITY>KUI BBIXOJ CBIPOM OMOMACCHI, MOJYUESHHBINA MOCIIE OCAXKICHHSI
KyJIbTYpbl IIEHTpU(QYrHpoBaHHEM B TedeHWe 7 MHUHYT mpu 10 Tbic. 00OpOTOB IpH
KOMHaTHOH Temneparype. OOpa3oBaBIMiicS 0CaZOK TOCHE ICHTPUPUTYHPOBAHMUS
¢usmonornyeckuM pactBopoM 1o 1,5 mu BHocwim B mpoOupku Ttuma Eppendorf.
Ocaxxipanu KIETKH IEHTPUPYTUpOBaHHEM B TedeHHe 6 MUHYT Npu 8 ThIC. 00OPOTOB Ha
nentpudyre Centrifuge 5417R npu xomHatHON Temmeparype. [IpoOupku ¢ KieTkaMu
B3BEIIMBAIN Ha SJICKTPOHHBIX BECaX C TOYHOCTHIO 10 4-0T0 3HAKA TOCe 3amsaToi [14].

PE3YJIBTATBI U OGCY)XXIEHHUE

Biusune TYMHUHOBBIX BE€HICCTB, OKa3bIBAEMOC Ha JKUBBIC OpPTaHU3MbI, OIIPEACIACTCA
coaepkanueM ['B B pacTBope, a KOHIIEHTpalusi T'YMHUHOBBIX BEIIECTB, MPU KOTOPOM
JIOCTUTACTCS MaKCHUMAaJIBHBIA Onoorndeckuid 3P¢eKT, 3aBUCHT KaK OT CBOMCTB CaMHX
I'B, Tak 1 oT ocoOeHHOCTEH BRIOPAaHHOTO TeCT-00beKTa [15].

O000mas paHee MONYyYEHHBIC PE3YJIbTAThl CIEKTPO(GOTOMETPUYSCKOrO0 METOoAa II0
u3ydennto BiusausA I'B Ha poct MukpoopranusmoB HedrenectpykropoB Rh. erythropolis
S67 u Rh. erythropolis X5 [18], moxHo koHCTaTHpoBaTh, 4r0 I'B TOpdhoB Tymbckoit
obmactu mpu KoHIeHTparu 50 MI/I OKa3bIBalOT CTUMYJIHMPYIOIIEe NEHCTBHE HA POCT
MHKpoopranu3mMoB poaa Rhodococcus. JlaHHY0 KOHIIEHTPALMIO KCIONb30BaIH B
TaTbHEWIINX JKCTIEpUMEHTAX IS OIEHKH OMojorudeckoil aktuBHOCTH ['B Topdos, rme
TECT-OTKJIMKOM CITY>KHJIH BBIXOJ] OMOMACCHI KJIETOK M KPUBBIE pOCTa MUKPOOPTaHU3MOB.

Boixon 6momaccel MukpoopranusmoB Rh. erythropolis S67 u X5 orHOCHTETBHO
KOHTPOIIA, KyJTbTHBUPYEMbIX Ha OeHOW MHHepalbHOU cpeae DBaHca ¢ mobaBnenneM ['B
B Ka4ecTBE €JMHCTBEHHOTO HMCTOYHWKA yriepoja W DHEPTHH, IpU KyJIbTUBUPOBAHUU B
TEUEHHE 3 CYTOK MPEACTABIIECH Ha pucC. 1.

MakcuManbHBI CTUMYIHPYIOMUH 3QQeKT Ha POCT MHUKPOOPTaHU3MOB OKA3BIBAIOT
I'B (CBT): 6uomacca Rh.erythropolis X5 yBemuumnach B 5 pa3 Mo CpaBHEHHIO ¢
koutposiem. Ha poct Rh. erythropolis S67 wammyumum obpazom Bmusiior I'B (THT):
pupocT 6uomacchl B 4 pa3a OOINbIIe OTHOCHTEIHHO KOHTPOJISA. TakuMm oOpa3oM, MOXKHO
yTBepXkaath, 4Yro [B He OKa3pBalOT WHTHOMPYIOMEro JEHCTBUS Ha  POCT
MHUKpPOOPTaHU3MOB, a, HAIIPOTHB, B KOHIEHTpaIuu 50 MI/JI IPOSIBIAIOT CTUMYIIHAPYIOIIHHA
a¢dexT Ha MUKpoopranu3mbl poga Rhodococcus, crocoGHbIe UCITOIB30BaTh TYMUHOBBIE
BelllecTBa B KaUecTBEe MCTOYHMKA yriiepoaa M sHepruu. OIHAKO CIEIyeT 3aMETUTh, YTO
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I'B, BblmeneHHbIE M3 pa3HBIX TOP(OB, MO-Pa3HOMY BIHUSIOT HA POCT MHUKPOOPTaHH3MOB
Rh. erythropolis S67 u X5, 4rto cBA3aHO Kak ¢ pasaM4YusAMH B (U3HOJIOTUU
MUKpoopraHu3MoB [11, 25], Tak © ¢ 0COOCHHOCTAMU MOJICKYJISIPHO MacCOBOTO COCTaBa
I'B [15]. Oueuano, I'B, comepkame (pakiiud ¢ MEHBIIEH MOJEKYJISIPHOW MAaccow,
koTopbiMu | sBJsitoTcs ['B (THT) [19], uMeEOT MOBBIIEHHOE CTUMYJIUPYIOIIES ICHCTBHE
M3-32 BO3MOXKHOCTH TPOHMKHOBEHHSI BHYTPb KIETKH dYepe3 KIETOUYHYI MeMOpaHy
HU3KOMOJIEKYJISIPHBIX (hpakuuii. Mojiens NMPOHUKHOBEHHS HU3KOMOJICKYIISIPHBIX (ppakimii
TYMUHOBBIX BEIIECTB uepe3 KIETOYHbIE CTEHKM MHUKPOOPTraHM3MOB IIOCTpOEHa B
nporpamme Tinkercad (puc. 2).

500 +
B Rhodococcous erythropolis 67

400 - B Rhodococeus erythropolis X3

%)

=1

(=]
I

(5%

[=1

(=]
L

Lpupoct GHoMacCesI oT
KoHTpon, Yo

,_.

=]

(=]
I

T'B(YHT) TB(CITT) TB(THT) TB(CBT)
Puc.1. TIpupoct 6rnomaccel mukpoopranu3moB Rhodococcus erythropolis S67 nX5 B
npucyrcreuu I'B

BHeKIeTOUHBIH
pacTeop

(IeTOYHas CTEHKa

TIna3MaTHYecKas
MeMOpaHa

Puc. 2. Mogens TPOHWKHOBEHHS HU3KOMOIEKYISPHBIX (PAKIUiA TyMHHOBBIX
BEILIECTB Yepe3 KIETOYHbIE CTEHKH MUKPOOPTaHU3MOB

Huns naubonee momHOTO TpencTaBieHuss BimusHus |'B  Ha poct mramma

MHUKpoopranu3mMoB Rhodococcus ObLir mosTydeHbl KPUBBIC pocTa MHKpoopranu3MoB Rh.
erythropolis S67 u X5 B cpene DBanca B mpucyrctBuu I'B 50 mr/i (puc. 3)
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Puc. 3. KpuBble pocra MHKpPOOPTaHH3MOB-HE()TEAECTPYKTOPOB B IMPUCYTCTBHH
rymuHOBBIX BemiecT: a) Rh. erythropolis S67, 6) Rh. erythropolis X5

Ananmu3 kpuBbIX pocta (puc. 3a) mokasanm: mpucyrctBue I'B B pacTtBope BimsieT Ha
MPOIOIDKUTENBHOCTD JTorapudmudeckoii (assl pocta mukpoopranusmoB Rh. erythropolis
S67. I'ymunossie BeriecrBa (CBT) yBelMnuuBaroT AIMTEIBHOCTH (Pasbl JOrapu(pMUIECKOro
pocta B 2 pa3a IO CPaBHEHHIO C KOHTpoieM. ['yMHHOBBIC BeIIECTBA HE BIHSAIOT HA
MpORODKUTENBHOCTD Nar-assl Rh. erythropolis S67, mmrensHoCTh KOTOPOi com3MeprMa ¢
KOoHTpoteM. OnTuyeckas IUIOTHOCTh B CTAalMOHApHOM (ase B 2 pasza MeHbIIE UL
Rh. erythropolis S67, wem B mnpucyrctBum I'B, uro Moxker OBITH CBS3aHO C
¢msnonormyeckumu dpdexramu ['B, 00ycIOBIEHHBIMU MX BIMSHHEM Ha SHEPreTHYECKHH
MeTa0oIm3M KiIeTky [21].

Jlar-¢asza Rh. erythropolis X5 B mpucyrctBuu I'B mmurcst B 2 pasa qosbiie, 4eM B
cpene, He comepkameii I'B. YBenmnmdeHnne mar-¢dassl TOBOPHUT OO0 amamTalii KJIETOK K
COBMECTHOMY COCYILECTBOBAHHIO B pactBope ¢ I'B M moaroroBke K JajpHEHIIEMY
pasnoxeHnio ux mepudepudeckux ¢parmenToB. daza morapudmmyueckoro pocra
Rh. erythropolis X5 B mpucyrctBuu I'B mporekaer ropasmo ObICTpee W JIOCTHUTaeT
cTarpioHapHOi (a3el 3a 28 4. B crammonapHO# (ha3e onTHyecKas IIOTHOCTHh KIICTOYHOMH
cycriensun MukpoopranusmoB Rh. erythropolis X5 B mprcyTcTBHH T'yMHHOBBIX BEIIECTB
cdarnoBoro Topda B 2 paza OONbBIIE OTHOCHTENHHO ONTHYECKON TUTOTHOCTH KIETOYHOH
cycriensun Rh. Erythropolis X5, ue conepskareit I'B, 1 onTHYecKo# MIOTHOCTH KIETOYHOM
cycriensun MukpoopranuazmoB Rh. erythropolis S67 ¢ rymuHoBBIME BeliecTBaMu.

AMNIPOKCUMHUPOBAB yIaCTKH SKCIIOHEHIIHAIBHOW U Jorapupmudeckoit a3 (puc. 3)
pocta MHKpoOpraHu3MoB Rh. erythropolis S67 u X5 B KoOpIWHATaX «HATYpalbHBIA
aorapudm ontuyeckoil miotHocTd IN(D) or BpeMeHM» HOMYYHITH 3HAYCHUS yICTbHOM
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CKOPOCTH pOCTa M BPEMEHHM YIBOCHUsS OMOMAacChl, Kak TaHreHc yria Hakiaona In(D)=f(t)
(ypaBuenue 1).
Inx = Inxy + ut (1)

rjae s — OuoMacca B Ha4aJIbHbIE MOMEHT BpeMeHH t=0.

3aBucumocts INX or BpemeHu OyaeT MMeTh BHJ MPAMOi ¢ HakioHOM H . Bpems
yIBOEHMsS Ouomacchl (ypaBHEHHE 2) — TEpUOJl, HEOOXOAMMBIN JUIS YIABOCHHUS 4YHUCIIA
KJIETOK B OKCIOHEHIMAJIBHO pacTylled MOMmyIsurd. 3aBUCHUMOCTb MEXIY YIETbHOM
CKOPOCTBIO pOCTa M BpeMeHeM yiaBoeHus (fd) OuOMacchl HAaXOAMUTCS MCXOMIS M3
CITEAYIONINX JOMyIneHuii: x=2xy (puc. 4).
In2 0,693
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BPCMA ¥ IBOCHHA GHOMacehl, U

Puc. 4. PocroBele mapamerpsl MukpooparHmsmoB Rh. erythropolis S67 u X35:

a) yaenpHas cKopocTh pocta (M ),u™ 6) BpeMs y1BoeHHs GHOMAcCHI, 1

['yMuHOBBIE BeIlIecTBa YBEIWYHUBAIOT yJEIbHYIO CKOPOCTh POCTa M BPEMs YABOCHUS
ouomaccel s mukpoopranusmoB Rh. erythropolis S67. Apredakrom sBisercs
COM3MEpUMOE 3HAYCHHE YAEIbHOH CKOPOCTH pOCTa M BPeMs YABOCHHE OHOMAacChI
mukpoopranm3moB  Rh. erythropolis S67 B npucyrcTBUH T'yMHHOBBIX — BEIIECTB
TPOCTHHUKOBOTO TOpda 1 KOHTpouis (puc. 4).

Hammaue I'B B pactBope oOKa3plBaeT HMHIHOHPYIOIIEE JIGHCTBHE HA  POCT
mukpoopranm3moB  Rh. erythropolis X5, koHTponmbHBIC mOKa3aTenmd pocta B 2 pasa
MIPEBBHIMIAIOT 3HAUEHHUS TTApaMETPOB POCTA B SKCIEPUMEHTANBHBIX rpymmax (puc. 4). OmHako
Ha puc. 30 BugeH crumynmpytommii 3ddexr I'B: yBenmnuenne B 2 paza ONTHYECKOH
TUIOTHOCTH KYJIBTYPaJIbHOM CpeIbl B MPUCYTCTBHU ['B B cTarmonapHoOi ¢a3se 1o cpaBHEHHUIO C
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kouTposieM. JmurensHocth amantarmu Rh. erythropolis X5 x cpene ¢ I'B (puc. 30) moxer
yKa3plBaTh HA AKTUBALMIO WIM JKE CHUHTE3 HOBBIX (EPMEHTOB, HEOOXOMMMBIX st
paznoxkenust I'B, mosTomy UM He0OX0AMMO OoMbIlee BpeMsl Il YABOCHHUS OMOMAacCHI.

Habnronaemele B pesynbTare KoHTakTa ['B ¢ ®KHUBBIMH OpraHu3MaMu OMOJIOrHYecKue
3¢ dexThl CBA3aHBI ¢ BO3HHUKAIOMICH Yy KJIETOK BO3MOXKHOCTBIO Oosiee 3((EKTUBHOIO
WCIIONIb30BaHUsI TEHEPUPYEeMON uMU dHepruu, 3amacaeMoil B Buae AT®, koropas
pacxomyercsi Ha pereHepaliio KOMIIOHEHTOB KJIETKH, POCT U pasMHOeHue [3, 18].

Takum oOpaszom, Hamuuue I'B B pacTBope Benmer k 0Oojiee MHTEHCUBHOMY POCTY
MHKPOOPraHU3MOB. Pe3ylbTaThl 3KCIIEPUMEHTA CIIyXaT OCHOBAaHHEM AJIs puMeHeHus [ B
B KayecTBE CTHMYJSITOPOB pocta MukpoopranusmoB Rh. erythropolis S67 u X5
HeTEACCTPYKTOPOB MPH UX KYJIbTUBUPOBAHUH B OCIHBIX MHUHEPAIBHBIX Cpeax.

CrenyrommM dTarnoM padoThl SBISIIOCH BBIsIBIEHHE BIUsHUS ['B Ha pocT KieTok B
NPHUCYTCTBHM  JIETEPreHTa  TeKcajJeKaHa,  SBJIIOMIEroCs cyocTpatoM  Juis
MHUKpoopranu3MoB Hedrenectpyrokpos Rh. erythropolis S67 u X5 [1, 22]. Konnenpanus
TYMHHOBBIX BEIIECTB B pacTBOpe cocTaBistia 50 wr/m, rekcagekana 200. %. Pocr
MHUKPOOPTaHM3MOB B CHUCTEME «TYMHHOBBIE BEIIIECTBA — I'€KCaJeKaH — MUKPOOPTaHU3M»
OI[CHUBAJTH TAKXKe [0 KPUBBIM pocTa (puc. 5).
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Puc. 5. KpuBbie pocta B mpucyrctBuu I'B M rekcajgekaHa MHKPOOPIaHU3MOB
a) Rhodococcus erythropolis S67, 6) Rhodococcus erythropolis X5

Pesynprater skcnepuMenTa qokasanu: I'B TopdoB MpOSBISIOT NETOKCHITUPYIOMIYIO
CIIOCOOHOCTh MO OTHOIICHHIO K HepTenpoaykrtam (Ha mpuMepe TrekcajckaHa). B
npucyrctBun ['B Habmiomaercss yBenmndeHHe ONTHYECKOH IIOTHOCTH KYJIBTYpPaIbHBIX
pPacTBOPOB MUKPOOPTaHM3MOB 10 cpaBHeHHIO ¢ koHTponbHBIM: ['B (THT) u (CBT)
Rh. erythropolis S67 (puc. 5a) u Rh. erythropolis X5 (puc. 56), urto erie pa3 moka3siBacT
cTuMynupytomee BiusHHE ['B Ha pocT MHKPOOPraHU3MOB He(TENEeCTPYKTOPOB.
['ymuHOBBIE BemIecTBa BBICTYMAIOT aalITOr€HAMHU IO OTHOIIEHUIO K MHKPOOPTaHU3MaM,
TIOBBIIIAS VX PE3UCTEHTHOCTh K CTPECCOBBIM HAarpy3KaM B YCIIOBHSIX HE(TSIHOTO CTpecca.

DKCIIeprUMEHTAIBHO OOHAPYXKEHO, YTO ONTHYECKas IUIOTHOCTh KJIETOUYHON CyCIIEH3UN
MHKpoopranu3MoB RhodoCOCCUS B pHCYTCTBUU TeKcaiekaHa, BIISIOMIET0Cst CyOcTpaToM
JUTST MUKPOOPTaHU3MOB, B 3 pa3a BBIIIE ONTHYECKOH IIIOTHOCTH CYCIIEH3UH KJIIETOK B €r0
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OTCYTCTBHH (pHC. 5), 4TO emie pa3 MOATBEpKIaeT (PakT MCIONb30BaHHS TeKcaJcKaHa
JaHHBIMA MUKPOOPTaHU3MaMH B KQUeCTBE UCTOYHUKA MMUTAHHSL.

B nmpucyrctBumM cyOcTpaTa MPOJOJDKUTENBHOCTH J1ar-a3sl MHKPOOPTaHHW3MOB
HedrenectpykropoB Rh. erythropolis S67 u X5 yBenuumsaercs mo 40 uacoB (puc. 5).
VBenudeHue sar-¢pa3pl TOBOPUT 00 aTanTaiuy KJIETOK K COBMECTHOMY COCYIIIECTBOBAHHIO
C I'eKCa/ICKAaHOM U MOJrOTOBKOM KJICTKU K €r0 MOTJIOMICHHIO.

B npucyrcTBum cyOcTpaTa-reKcaiekaHa, B CTallmOHapHOH (ha3e onTHYEcKast INIOTHOCTh
KJICTOYHOM cycrensnu Mukpooprauusmos Rh. erythropolis S67 ysemuunsaercs B 1,5 pasa B
MPUCYTCTBUH I'YMHUHOBBIX BELIECTB U He u3Mmensercs mis Rh. erythropolis X5, uro cBsizano
C pa3jIM4YHBIM (DPU3MOJIOTHYECKUM TIOBEICHUEM JIBYX IITaMMOB Oakrepuii [13].

JI7isl TOJTHOrO aHajM3a PocTa MUKpOOpraHu3MoB poma Rhodococcus B mpucyrcTBun
TYMUHOBBIX BeIIeCTB M cyOcTpara (reKcajiekaHa) aHaJM3WpOBaMd IapaMerpbl pocTta
MHUKpPOOpPraHU3MOB (ypaBHeHue 1 u 2).

BBenenue B cuctemy, COCTOSIIYIO M3 MUKPOOPIaHM3MOB U Tecajiekana, ['B Topdos
Pa3IUYHOro TeHe3nca aKTHBU3UPYET POCT MUKPOOPTaHU3MOB (pHC. 6).

Rh. erythropolis 567

3 2 - B Rh. erythropolis X3
2 .
005 .

0 T

cpedadeamca  [B(UHT) ['B(CIIT) I'B(THT) I'B(CBT)
& 20 Rh. ervthropolis S67
B Rh. ervthropolis X3
1
I I
| I
I
0 T
¢peda 3eaHca I'B(YHT) I'B(CIIT) T'B(THT) I'B(CBT)

Puc. 6. PocroBeie mapamerpsl MukpooparuusmoB Rh. erythropolis S67 u X5 B
CHCTEME «T'YMHHOBBIE BEIECTBA-TEKCAJIEKaH-MUKPOOPIaHU3M» a) YeIbHAs CKOPOCTh

pocta (4 ),a’ 6) Bpems yaBOeHHs GHOMAcCHI, U

B cucreme «mukpoopranmsm Rh. erythropolis X5 — rekcamekan — TyMHHOBBIC
BemectBa (CBT)» oOHapy»eHb MakCHMaIbHbIE POCTOBBIE MTAPaMETPHI: IMOKa3aTend B 2,6
pasa Bblllie, 4eM B crcteMe «Mukpoopranusm Rh. erythropolis X5 — rekcamexan» (puc. 6).
[Ipucyrcteue I'B (CBT) cnocobcTByer Oonee TONHOM yTHUIM3AIMM TeKcaJeKaHa
MuKpoopranu3mamu. I[lapamerpsr pocra Rh. erythropolis X5 B 2 pasa mnpessiiaioT
napamerpsl 11t Rh. erythropolis S67, koropeie, B CBOIO ovepesb, B 2 pa3a MPEBBIIIAIOT
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pOCTOBBIC TMapaMeTpbl KOHTpoJs. buoperpajganmst TekcajgekaHa MHKPOOPraHU3MaMu
Rh. erythropolis S67 wHaumHaeTcs BO BHEKIETOYHOM pacTBOpe C OOpa3oBaHHEM
MPOMEKYTOYHOIO METa0OINTA — FEKCaICKaHOBOM KUCIOTHI [24].

['ymuHOBBIE BemiecTBa TOP(HOB MOry BBICTYNaTh B KAaueCTBE AaJalTOrCHOB I10
OTHOIIEHUIO K MuKpoopranusmam Hedremectpykropam Rh. erythropolis S67 u X5,
HAXOJALIUXCS B CTPECCOBBIX YCIOBHSIX, a MMEHHO B TNPUCYTCTBHM TeKCaJeKaHa Kak
OJTHOTO M3 TpEACTaBHUTENEH Jierkoil ¢ppakunu HedpTH. IPPekT nposBusercs B yaydlIeHH U
MoKasaTeleil mapaMerpoB pOCTa: YACIBHOH CKOPOCTH POCTa M BPEMEHH YIBOCHHUS
Ouomacchl B IPUCYTCTBHH I'YMUHOBBIX BELICCTB.

['ymMuHOBBIC BelleCTBa, HAXOASIIUECS B PACTBOPE, CIIOCOOCTBYIOT 0Opa3OBaHUIO
MOJMMOJIEKYJIAPHOTO ~ CJIOSI  HA  TIOBEPXHOCTH  KJIETOK  MHKPOOPTaHW3MOB,  4TO
MPENSTCTBYET Pa3ioKEeHUIO W TPOHUKHOBEHHIO Mepudepruieckux yacteid monekyns ['B,
MPECTABICHHBIX OCTaTKAMHU IOJUCAXapUJI0B U AMHUHOKHCIOT, KaK 4Yepe3 KICTOYHYIO
MeMOpaHy, Tak W uepe3 ruapodoOHbie KaHajbl KIeTOK. C IMOMOIIBI0 MPOrpaMMbl
Tinkercad moctpoena mMozelib COPOIIMOHHOTO CIIOS, COCTOSIIIETO U3 MOJIEKYJI TYMHUHOBBIX
BEII[ECTB Ha MIOBEPXHOCTH MUKpoopranu3MoB pona Rhodococcus (puc. 7).

Monekyast I'B

rauus™ Rh. erythropolis S67 wim X5

| Muxkpoop!

MOHOCIOHHEIH 3KpaH TTonHcIOHHBIH 3KpaH

Puc. 7. Mogenb cOpOLIMOHHOTO CIIOSI, COCTOSIIIIErO U3 MOJIEKYJI TYMHHOBBIX BEIIECTB
Ha MMOBEPXHOCTH MUKpOOpranu3mMoB poaa Rhodococcus

3AK/IIOYEHHUE

BeisiBien crumynupyrommit  3QQexT, NposBISeMBbIi T'YMHHOBBIMH BELIECTBAMH
topdoB mpm KoHIeHTpamuu S50 MI/T Ha POCT M Pa3MHOKEHHE MHKPOOPTaHHW3MOB
HepTenectpykropoB Rh. erythropolis S67 u X5. MakcumanbHblii cuMyIHpyroLuit 3G dext
obnapyxeH y rymuHoBbix BemecTB (THT) u rymunoseix Bemects (CBT): mpupoct
ouomaccel MukpoopranusmoB Rh. erythropolis S67 yBenuumBaercsi B 4 pasa, a
Rh. Erythropolis X5— B 5 pa3 OTHOCHTEIBHO KOHTPOIS, MPEICTaBICHHOrO OeIHON
MuHepanbHOH cpenoil OBaHca. Hammume I'B B pacTBOpe NpPHUBOIUT K YBEITHMUYEHHIO
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JUTUTENTBHOCTH J1ar-¢a3sl MUKpooparau3MoB Rh. erythropolis X5, uro mMoxer yka3biBaTh
Ha CUHTE3 HOBBIX (DEPMEHTOB, HEOOXOIUMBIX JUIsl pasinoxeHus ['B qaHHbIMU OaKTepUsIMH.

Y CTaHOBIICHO, YTO T'YMHHOBBIC BEUIECTBA BBHICTYNAIOT B KAueCTBE aJANTOTCHOB IO
OTHOILIICHUIO K MHKpPOOpPTaHu3MaM HedTenecTpykropaM RhA. erythropolis S67 u X3,
HaXOJSALIMXCSA B CTPECCOBBIX YCIOBUSX B NPUCYTCTBUM TeKcaaekaHa. pQekt
MpOSIBJISIETCS B YAYYIICHWU TOKa3aTelled MapaMerpoB poOCTa, 4TO MPUBOOUT K Oolee
ObIcTpoil Ouonerpamamuu cyOcTpara-rekcajekaHa, a TakKe POCTy W Pa3sMHOXKECHHUIO
OakTepuii 3a CUET yBENUYEHHS pACTBOPUMOCTH OPraHUYECKOro cyOcTpara U CO3JaHHI0 Ha
KJICTOYHON MOBEPXHOCTH MOHOCJIOHHOTO AKpaHa, TNMPEICTABNISIOIICIO COOOM CeTYaThIH
¢unbTp U3 monekyn I'B.

Pe3ynpTaThl OKCIIEPUMEHTOB CIIy)KAaT OCHOBAaHHEM JUIs JIAJIbHEHIEro H3Yy4eHHUs
CBOMCTB M  XapaKTePUCTHK CHCTEM «TYMHHOBOE BEIECTBO — MHKPOOPTaHHU3M
Rh. erythropolis S67 u X5 — HedTenpomykrt» W TMOJTyYeHUS] HA HMX OCHOBE XHMHKO-
OMOJIOTHMYECKOro copOeHTa Uil YTWIN3alMKd HedTepasIuBOB B IMOYBEHHBIX M BOJIHBIX
cperax.
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INVESTIGATION OF THE INFLUENCE OF HUMIC SUBSTANCES OF PEATS
ON THE GROWTH PARAMETERS OF MICROORGANISMS DEGRADERS OF

OIL RHODOCOCCUS GENUS IN THE PRESENCE OF HEXADECANE

Dmitrieva E. D., Leontyeva M. M., Karimova V. T.

Tula State University, Tula, Russia
E-mail: dmitrieva_ed@rambler.ru

The maximum stimulating effect on the growth of microorganisms is exerted by

humic substances of sphagnum high moor peat: the biomass of Rh. erythropolis X5
increased in 5 times as compared to the control. Humic substances of reed fen peat
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influence on the growth of Rh. erythropolis S67 to the best advantage: the biomass
increased in 4 times as compared to the control. Thus it can be argued that humic
substances have no inhibitory effect on the growth of microorganisms, but on the contrary,
at the concentration of 50 mg / I, they have a stimulating effect on microorganisms of the
genus Rhodococcus, capable of using humic substances as a source of carbon and energy.
However, it should be noted that humic substances isolated from different peats have
different influences on the growth of microorganisms Rh. erythropolis S67 and X5, which
is due both to differences in the physiology of microorganisms and to the features of the
molecular mass composition of humic substances. Obviously, humic substances
containing fractions with a lower molecular mass, which are humic substances of reed fen
peat, have an increased stimulating effect due to the possibility of penetration into the cell
through the cell membrane of low molecular weight fractions.

Humic substances of peats show detoxifying ability in the relation to petroleum
products, for example hexadecane. In the presence of humic substances, an increase in the
optical density of culture solutions of microorganisms is observed as compared to the
control: humic substances of reed fen peat and sphagnum high moor peat Rh. erythropolis
S67 and Rh. erythropolis X5, which once again proves the stimulating effect of humic
substances on the growth of microorganisms oil destructors.

There was analysis of the growth parameters of microorganisms to fully research the
growth of microorganisms of the genus Rhodococcus in the presence of humic substances
and substrate (hexadecane).

Introduction humic substances of peats of different genesis to a system consisting of
microorganisms and hexadecane, activates the growth of microorganisms.

Maximum growth parameters were found in the system «microorganism
Rh. erythropolis X5 — hexadecane — humic substances of sphaghum high moor peat»: the
indices are 2.6 times higher than in the system« microorganism Rh. erythropolis X5-
hexadecane». The presence of humic substances of sphagnum high moor peat promotes
more complete utilization of hexadecane by microorganisms. Rh. erythropolis X5 growth
parameters is 2 times higher than the parameters of Rh. erythropolis S67, which in turn are
2 times higher than the growth parameters of the control. Biodegradation of hexadecane
with microorganisms Rh. erythropolis S67 begins in an extracellular solution with the
formation of an intermediate metabolite-hexadecanoic acid.

Humic substances of peats can act as adaptogens in the relation to microorganisms oil
destructors Rh. erythropolis S67 and X5 are under stressful conditions, namely in the
presence of hexadecane, as one of the representatives of the light fraction of oil. The effect
is manifested in the improvement of parameters of growth parameters: specific growth
rate and time of biomass doubling in the presence of humic substances.

Humic substances in solution promote the formation of a polymolecular layer on the
surface of microorganism cells, which prevents the decomposition and penetration of
peripheral parts of the molecule of humic substances represented by residues of
polysaccharides and amino acids, both through the cell membrane and through the
hydrophobic channels of cells.

The results of the experiments serve as the basis for further study of the properties
and characteristics of the systems «humic substance-microorganism Rh .erythropolis S67
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and X5-oil» and the production on their basis of a chemical-biological sorbent for
utilization of oil spills in soil and water environments.

Keywords: humic substances, microorganisms oil destructors, growth parameters, oil

products.
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BO3MOXHOCTb UCMNMOJIb3OBAHUA AMUHOKUCIOT C LUEJNbIO
KOPPEKUUN ®PYHKLUUOHAJIbHOIO COCTOAHUA CEPOAEYHO-
COCYOQUCTOWU CUCTEMBDI

Enaesa E. E., Ixumosa E. A., Komaposa H. A.

DI'bOY BO «Mopoosckuii 2ocyoapcmeenHblil nedazo2uieckuil UHCIUMmym
umenu M. E. Eecesvesarn, Capanck, Poccusn
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Cpenu 3a0oneBaHui CepAEYHO-COCYAUCTON CHCTEMBI 0CO00€ MECTO OTBOAHUTCSA HAPYLICHUSIM CEPAEYHOro
pHUTMa, KOTOpbIE PACCMATPUBAIOTCS KaK CaMOe PacpOCTPAHEHHOE OCIIOXKHEHHE HH(]apKTa MUOKAp/a, SBISACH
3a4acTyl0 NpeJBeCTHUKaMU HeOnaronpustHoro. Hammume Oonblioro koiamdecrBa MOOOYHBIX, B TOM YHCIIE
apPUTMOTEeHHBIX, 3p(EKTOB 3HAYUTEIHHO OrPAaHUYMBACT NPHUMEHEHHE HMEIOIINXCS aHTHAPUTMHKOB B DPse
KIIMHIYECKUX CUTYaIUH, YTPOXKaIOMNX )KU3HH OOIBHOT0, B YaCTHOCTH NPU MH(apkTe MUoKapaa. CI0KHOCTb,
MHOroo0pasue M IIHPOKash paclHpoCTPaHEHHOCTh HAPYIICHUH CEepAEYHOr0 PUTMa IWMKTYIOT HEOOXOIMMOCTh
TOMCKa HOBBIX 3()(EKTHBHBIX W HETOKCHYHBIX MPOTHBOAPUTMHUYECKUX IPENapaToB, BO3ACHCTBYIONIMX Ha
NepBUYHbIE 3BEHbSl AapUTMOreHe3a. B craTbe IMpOBENEH aHAIU3 BO3MOXHOCTEH  IPUMEHEHMS
(hapMaKoJIOrHUECKUX TPErapaToB METa0OIMIECKOro THIA ACHCTBHS JUI KOPPEKIMU MPEANaTOIOrMIeCKHX 1
MaTOJIOTMUECKUX U3MEHEHHH CepAeUHO-COCYANCTON CUCTEMBI.

Knioueevie cnosa: naTonorus cepAeYHO-COCYANCTOR CHCTEMBI, KapUOMPOTEKTOPHOE AeiCTBHE, aJanTalus,
aMHHOKHCIIOTHI.

BBEJEHUE

OnHUM W3 MPHOPUTETHBIX HATPABICHHH COBPEMEHHOTO 37PaBOOXPAHEHHUS SBISETCS
nmoucKk Hauboree OE30MacHBIX METOJIOB JICYCHUS KapAUOJIOTHYECKOW IMAaTOJOTHH.
Haubonee  rpo3HBIMH  OCIOXXKHEHHSMH  3a00JeBaHWN  cepana,  3HAYUTEIBHO
YBEITUYMBAIONIMMH MTPOrPECCUPOBAHUE CEPICUHON HEJOCTATOUHOCTH M PUCK BHE3AITHOU
CMEpTH, SIBJIAIOTCS HapyIIeHHus puTMa. HecMOTps Ha TO, YTO apUTMHUH HE SBISIOTCS
HO30JIOTHYECKOH (OpMOH, a TPENCTaBISIOT COOOM CHMIITOM 3a00JIeBaHWUU cepAma H
CBSI3aHHBIX C HUM CHCTEM, HEPEIKO OHH MOT'YT HMETh CaMOCTOSITEIbHOE, YPreHTHOE
KIHHHYeCKOe 3Hadenwue [1-3].

CepaeuHO-COCYANCTAsISI CHCTEMA € e¢ HeHpOryMOpallbHBIM anmapaToM pearupyer Ha
MaJeiiie M3MEHEHUs MOTPEOHOCTH PA3HBIX OPraHOB M CHUCTEM B KPOBOCHAOXECHWUU U
obecrieunBaeT CcorilacoBaHUEe KPOBOTOKA B HHUX C FEMOJUHAMUYECKHMH MapaMeTpaMy Ha
OpraHU3MEHHOM ypoBHe. Bce 93TO JaeT OCHOBaHHE pacCMaTpUBaTh CHCTEMY
KpOBOOOpallleHHsT B  Ka4eCTBE  YHUBEPCANBHOrO  WHAUKATOPA  aJanTallMOHHO-
MPHUCIIOCOOUTENLHON  JIESITENBHOCTH IENOCTHOrO oprann3Ma. OIeHKa JeSTelbHOCTH
CEpP/ICYHO-COCYTUCTON CHCTEMBI SIBIISICTCS MOKA3aTENBHOW M YaCTO HCIOIb3yeMOU, Tak
KaK TeMOJMHAMHYECKHE W3MCHECHUS B PA3JIMYHBIX OpPraHax OOBIYHO BO3HUKAIOT PaHBIIEC
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MeTa0O0NMNYECKUX W M3MEHEHHUsI SHEPTeTHYECKUX MPOLECCOB B MHOKApE MPEIIECTBYIOT
CHIDKEHHIO €r0 COKpPaTHTENbHOH CIIOCOOHOCTH, a 3HAYUT M Pa3BUTHIO HapyLICHUH
KpoBooOpaienus 2, 4, 5].

OcCHOBHOI TPHUYMHON pa3BUTHS TaKUX HApPYIIEHUM SBJSETCSd IOBCEMECTHOE
CHIDKCHUE JBUTATENFHONH aKTHBHOCTH, YCIO)XXHEHHE COAEpKaHUs 00pa3oBaTeIbHOrO
mpoliecca, yBeJIHUeHHE HEPBHO-TICHXHUYECKOr0 HANpsDKEHHUs B yueOHOW M MOBCEIHEBHOM
NeSTeIbHOCTH U, KaK CJEICTBHE, MPOTrPEecCHpOBaHUE HApPYIIEHUH CepAeyHO-COCYUCTOM
CHCTEMBI. AKTYyaJbHOCTh NPOOJIEMBI OMPEAENSIETCS] HACTOSATENBHONH HEO00XOIUMOCTHIO
pa3pabOTKH HOBBIX aJPEeCHO HANpaBJICHHBIX HAa KOHKPETHYIO HO30JIOTMYECKYIO TPYIILY
0e30IaCHBIX JICKAPCTBEHHBIX Mpenapartos [1].

B nactosmee Bpems A JI€UEHHUS MATOJOTHU CO CTOPOHBI CEpAEYHO-COCYIUCTOM
CHCTEMBl  CYIIECTBYeT  OONBINOW  apceHal KaK  MEIWKAMEHTO3HBIX, TaK |
HEMEINKAMEHTO3HBIX MeToJ0B. OJHAaKo HECMOTpsSs Ha TO, YTO B TIOCIEAHHUE TOJBI
JOCTHTHYTBl HECOMHEHHBIE yCIeXd B NMpO(UIAKTUKE U JICYCHWW JaHHBIX HapYIICHHH,
paspabotanbl HOBble 3(QekTHBHBIE MpenapaThl, aKTyaJlbHOH MpOOIeMOi ocTaercs
pa3BUTHE WX HEXKENATelIbHBIX MOOOYHBIX 3(Q(eKToB, U3 KOTOPBIX HaMOoOliee OMaCHBIMU
SBISIFOTCS.  KapAWoTOKcnyeckue. WX mopdomornveckoll  OCHOBOM  SIBISIIOTCS
WHIYIUPOBAHHBIE WUMHU K€ H3MEHEHHs YJIbTPACTPYKTYpPHON OpraHM3alMil MHOKapna,
CONPSDKEHHBIE C HapyIIeHWEM MOTPeOJIeHUsT KUCIOpOAa KapIMOMHOLIWTAMH W HMOHHBIM
micOamaHcom [6].

HccnenoBanusMu TOCIEAHWX JIET TOKAa3aHO, YTO TEPCHEKTUBHBIM ITyTeM
MIPEeqyTPEXKICHIS aNbTEPATUBHBIX U3MEHEHUH CepAeYHO-COCYANCTON CHCTEMBI SBIIETCS
MIpUMEHEHNE BEIIeCTB, OONAMAIONIMX META0ONMNYECKUM THIIOM JIEMCTBHSA, KOTOpPHIE B
OOJIBITTHCTBE CBOEM XapaKTEPU3YIOTCS MAIOi TOKCHYHOCTHIO M B TO K€ BPEMsI IIUPOKUM
CIIEKTPOM (papMaKOJIOTHIECKOTO U TEPAIEBTHUECKOT0 neicTBus [1, 2].

AMWHOKHCIIOTHI SIBJISIFOTCS COCTABHOW YacThi0 (PepMEHTOB, TOPMOHOB, BUTAMHHOB U
Ipyrux OWONOTMYECKH aKTHBHBIX BemlecTB. HemocTaTok wmiin M30BITOK MX TMPUBOIUT K
HapYIICHUI0 BaXKHEHIIMX (QYHKIME opraHusMa. K HacTosleMy BpeMEHH HaKOILICH
OrpOMHBIH (hakTHYecKHil MaTephanl 00 yJacTHU OMOJOTMYECKH AKTUBHBIX IENTUIOB U
OTIENBHBIX aMHHOKHCIOT B Pa3MYHBIX (PU3HONOTHYECKHX TIpoIeccax B HOPME U
MaTOJIOTHM, B TOM YHCIIE UX IEUCTBUM Ha CepAcUHyI0 Mbiny. I[Ipumep — HelpOTEeH3UH,
BKJIFOUAIOMIMA B CBOM cocTaB 13 aMWHOKHCIOT, TpA MPUMEHEHHH KOTOPOTO
YBEIUYMBAETCS YacTOTa CEPACYHBIX COKpAIEHWH, TOBBIIIAETCS COKPAaTHUTENbHAS
CHOCOOHOCTh MHUOKapJa M M3MEHSETCSl XapaKTep MapacHuMITATUHIECKON peryssiui puTMa
cepama [2, 3].

YunuteBas BBINIEU3IOKEHHOE, /IS HAC TPENCTaBISUI0O WHTEPEC WCCIeIOBaHUE
BO3MOXKHOCTH  TPUMEHEHHUS AaMHHOKHCIOT Ui TPOPIIAKTHKH W KOPPEKIIHH
MPEINATONOTMYECKUX W TATOJIOTUYECKH W3MEHEHWH MHOKap[a, BO3HHUKAIOIIUX IO
BIUSTHUEM arpecCHBHBIX (PaKTOPOB COBpPEMEHHOCTH. B HamreMm ciydae TakuMm (hakTopom
SIBJISIETCSI aJIpeHaJINH, OKAa3bIBAIOIINN albTepaTUBHOE BO3/ICHCTBUE HA KapAMOMHUOINTEI B
CTPECCOBBIX CHUTYAIUSX.
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MATEPHUAJIBI U METO/JIbI

Jns MopenupoBaHUS KapIMOTOKCHYECKOTO ACHCTBUS aJpeHajlHa Mbl BBI3BIBAIU
HapyIIeHUs CepIeYHOr0 puTMa €ro BHYTpUBEHHBIM BBeneHneM B Bujae 0,1 % pactBopa B
no3e 16 mr/kr y Oenbix Mbiiieli Maccod 18—20 r. McnbiTyeMble BelecTBa BBOAWIU B
XBOCTOBYIO BEHY 3a 5 MHH. [0 UHBCKUWM apUTMOreHHoro ¢akropa. 3amnmch
ANEKTPOKAPANOTPAMMBI TIPOBOJIMIIM IO CTaHIapTHOM Meromuke Bo |l orBemenum Ha
MPOTSHKEHUH BCET'O IKCIICPUMEHTA.

B kauecTBe PKCIIEpUMEHTAIbHBIX KapIUOMPOTEKTOPHBIX CPEACTB MBI HCIOIB30BAIH
KOMITO3UIIMH, OTJIMYAIOIIMECS KadeCTBEHHBIM U KOJWYECTBEHHBIM COJCPKaIINEM
CIIEIYIOINX aMWHOKHUCIIOT: JISWIIWH, HM30JEHIMH, BajuH, TpuntodaH, (eHnIanaHuH,
METHOHHH, JIM3UH, THCTH/IMH, CEPUH, TIyTaMuH (Kommo3uius Ne 4), nei1iH, H30IeHInH,
BaJMH, TpunTodaH, (QeHWIaJaHWH, METHOHWH, JM3WH, TUCTHJWH, CEPUH, TIyTaMHUH
(xommogurust  Ne 6), rtuctuaun (kommoszunus Ne 7). Kpome Toro, wu3ydanach
aMHHOKHCJI0Ta L-ponuH, nposiBUBIIAsE HANOOIBIIYIO AHTHAPUTMUYECKYIO aKTHBHOCTH Ha
CKPUHUHTOBBIX MOJIENSAX apUTMUH.

PE3YJIBTATBI U OGCY)XXIEHHUE

Ha OIMCaHHON BBIIIIE MOZEIN HapylIEeHUN CEPIEYHOrO puartMma
MIPOTUBOAPUTMHUYCCKYIO AKTUBHOCTb HCCICAYEMBIX BCHICCTB OICHUBAJIM II0 HUX
CHOCO6H oCTn MpeaAynpexaaTb IIOABJICHUEC IPpEKIACBPEMEHHBIX KEITYTOUYKOBBIX
KOMILUIEKCOB WM OCJa0JsTh HX TAXKECTb, YTO BBIPAKAJIOCh B YMCHBIICHHUU YaCTOThI
skronnuecknx cokpamennid (UOC). Kpome Toro, orneHuBamach CIIOCOOHOCTB
WCCIEyEMBIX BEIIECTB TPEAYyNpeXaaTh THOENb MBIIIEH, BBHI3BAHHYIO BBEICHHEM
aJipeHalInHa TUPOXIOPHIA.

Bcee wuccrnemyemsie coemmuenus (L-mpommn, xommosuruu Ned, Ne6 mw Ne7) m
rpenapar CpaBHEHHsI 003U/IaH BBOAWIIN B XBOCTOBYIO BeHY 3a 5 MuH. 10 uHbekmuu 0,1 %
pacTBOpa aapeHaIrHa THAPOXIIOpHAa, 00beM KOToporo He mpessiman 0,5 mit. Pe3ynspratst
TIpencTaBlIeHbl B Tabmuie 1.

B xoHTponmpHO#H cepum 3KcmepuMeHTOB (N=18) BBemeHME pacTBOpa aapeHaTHHA
ruapoxiopuaa B go3e 16 wmr/kr uepes 140£18 cekyHn BBI3BAJIO TOSBICHUE
KEMyTOYKOBBIX dKcTpacucTon ¢ UYDC 123129 B MuH. mpu oOmmIel JacToTe cepAedHbIX
cokpamenuit (UCC) 485120 B muH. y 12 xuBoTHBIX (67 %). brnokamsr mpoBeneHus
HMMITyJTbCa TT0 MHOKApAy BO3HUKAIHN ¥ 6 ®KUBOTHBIX (33 %). JleradpbHOCTH B KOHTPOIHHOM
rpymre coctaBuia 56 %.

O63uman B mo3e 1,0 Mr/kr (N=7) NpoOSIBUA BHIPAKEHHBIM IPOTHBOAPUTMHUYCCKUIH
addexr (P<0,05) Ha maHHOW 3KCIEpHMEHTANbHON Monmend. B To ke Bpems Ha (oHe
JEeUCTBHS Ipernapara yBEIUUUIICAd PUCK Pa3BUTUS HapylleHuil mpoBogumocTu ¢ 33 % B
koHTpone 10 71 %. B 1 (14 %) cnyuae yepe3 290 c¢ mocne BBeOEHHS aPUTMOI'CHHOI'O
(bakropa BosHuKIa KO ¢ UDC 196 B muH. [IpomomKuTenbHOCTh apUTMHH COCTaBHIIA
85 c., a JIeTaJbHOCTh BO3HHUKIIA y 2 )KUBOTHBIX (29 %) mpoTHB aHAJOrMYHBIX [TOKA3aTeNeH
B KOHTPOJIBHOU CEPUU SKCIIEPUMEHTOB, KOTOPBIE COCTABUIIM COOTBETCTBEHHO 298119 c u
56 %.
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Taoanna 1
HccnenoBanne aHTHAPUTMUYECKOH AKTUBHOCTH MCIIBITYEMBIX COeIUHEHUH U
npenapara cCpaBHeHHUs HA MOJIeJIU AIPEeHAJTMHOBBIX APUTMUIA

HUcneiryemoe | Jlo3a, KomnuecTBO )XKMBOTHBIX Ucxon. YyCcC Jletann-

COEJIMHEHUE | MI/KT B Y KOTOPBIX BO3HHKIIH qcC 1ocie HOCTb,

omeite, | XKD, napymenus | (M+m) | BBenenus | n (%)

n n (%) |mpoBomuMoOcCTH, B-Ba
n (%) (M£m)

Konrposnb - 18 |12 (67%) 6 (33%) 485+20 - 10 (56%)
O063uaan 1,0 7 |1(14%)* 5 (71%) 476423 | 420+3 | 2(29%)
L-riposntun 10,0 8 0 (0%)* 8 (100%) 353+29 | 396+41 |1 (13%)*
Kommosunus 4 | 200,0 8 |2(25%)* 1 (13%) 345+15 | 356425 |1 (13%)*
Kommosumms 6 | 100001 8 | 0(0%)* 5 (63%) 450+11 | 488+14 | 2 (25%)
Kommoswrust 6 | 500,0 6 [1(17%)* 4 (67%) 390+26 | 377+24 | 0 (0%)*
Kommosunus 6 | 200,0 6 1 (17%) 2 (33%) 350+24 | 370+18 | 0 (0%)*
Kommosurust 7| 10,0 8 |2 (25%)* 1 (13%) 330+16 | 375+22 | 0 (0%)*

Beenenune L-ponuuaa B o3¢ 100 u 50 Mr/kr y BCeX HCCIICIOBAHHBIX MKHBOTHBIX
BBI3BAJIO aTPHUOBEHTPHUKYJSIPHBIE HapymieHus npoBogumocTu |l cremenm m BcnencTBue
aToro — rudesb. CHUXKEHHE 703b1 10 10 MI/KI HE yXYAIINIO IPOBOJAUMOCTh, HO BBEICHUE
ajJ|peHaliiHa THAPOXJIopHIa Ha (JOHE STOH J03bI aMUHOKUCIIOTHI Yepe3 21+9 ¢ BbI3BajIO BO
BCeX cliydasx OJIOKaay IPOBEACHUS MMITYJIbCA [0 MHOKapIy MIUTEIbHOCThIO 154412 c.
OpHako KEMyIOYKOBYIO OKCTPACHCTOIHMIO BEIIECTBO TPEAYNPEKIAIO y BCEX 8
KUBOTHBIX. JleTalbHOCTD Takke OblTa JocToBEepHO npeaynpexaeHa (13 % mporus 56 % B
KOHTPOIBHOW CEpUU IKCTIEPUMEHTOB).

Komnozummst Ne 4 (1000 Mr/kr) 10CTOBEPHO Mpeaylpeania 4acTOTy BOZHUKHOBCHHUS
KEITyIOYKOBOH AKcTpacuctonmuu (25 % npotuB 67 % B KOHTPONBHON CEpuu) M CHU3MIA
JeTanbHOCTh ¢ 56 % mo 13 % (P<0,05). Hapyrienue mpoBoAMMOCTH BO3HHUKIIO B 1 cirydae.

[Ipumenenue xommo3uruu Ne 6 B mo3e 200 MI/Kr CHU3WIIO 9aCTOTYy BO3HUKHOBEHH
HapymieHu# cepeanoro purMa Ha 50 % 1 BO Beex cirydasx MPeAyIpeauio JIeTaTbHOCTb.
VYBenudyenne m0361 g0 500 MI/KT HE TPHUBEIO K IOBBIIMICHUIO MPOTHBOAPHTMUICCKON
aKTUBHOCTH coenuHeHus. Vcnonp3oBanne 10361 1000 MI/KT MONTHOCTBIO MPEXYIPEIUIO
XKemynoukoByro skctpacuctommio  (PKOC), ogHako HE TOBIWSIO Ha JIETaTbHOCTH
9KCIIEPUMEHTAIBHBIX )KUBOTHBIX.

Kommnozummst Ne 7, uzydennast B mo3e 10 MI/Kr, TOTHOCTBIO MpEMyNpeania Tuoeib
YKUBOTHBIX M IOCTOBEPHO CHU3MJIA PUCK BOSHUKHOBEHUS aIpCHATMHOBBIX apUTMHIA.

CrnenoBatensHO, BCE WCCIENOBAHHBIC COSNMHEHHS MPOSBWIN Ha JAHHOW MOJIENH
MIPOTUBOAPUTMUIECKYIO aKTUBHOCTh W HE YCTYNAIM Tpenapary CpaBHEHHS OO3HIaHy IO
CIIOCOOHOCTH TTPEAYTIPEKAATH JKETYI0YKOBYIO DKCTPACHCTONHNIO, a kKoMOnHaImu Ne 4, No 6 B
OJTHOW M3 TIPUMEHEHHBIX /103 ¥ KOMIO3UIHs No 7 ipeaynpexIain JeTaTbHOCTb TOOMBITHRIX
YKUBOTHBIX, YEM BBITOTHO OTIMYAJIFICH OT TIPEeIapaToB CpaBHEHNUS (PUCYHOK 1).

AHTHApUTMHYECKOE JEWCTBUE AMHUHOKHCIOT MOXHO OOBSICHHTh HECKOIBKHMH
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MeXaHH3MaMH, OHUM U3 KOTOPBIX SBJISIETCS] B3aUMOJAECHCTBHE TECTHPYEMBIX CyOCTpaToB
CO crneuu(pUUYEeCKUMH PpELENTOPHBIMU CTPYKTypaMmu. Tak, K HacTOSIIEMYy BpeMEeHU
UACHTH(PHULIUPOBAHBI PElENTOPbl raMMa-aMHUHOMACIISIHOW KUCIOTHI, TaypHHa, TyTamara,
acmaprata. B wuccnenoBanusix B. K. Peibanmpuenxko u coast. (1991) mokaszaHo, 4rto
HOHANENTUIHBIM TKAHEBOM TOPMOH, BKJIIOYAIOMIMI B CBOM COCTaB MPOJIMH M JIPyrue
AMHHOKHCJIOTHI, MPOSIBIISIET IIMPOKUN CIIEKTP OMOJIOTMYECKONH aKTHBHOCTH Ha CEPICHHO-
COCYZIUCTYIO CUCTEMY M OJIHUM M3 paHHHUX 3TAIllOB JIEWCTBUA €r0 SBIIAETCS CBA3BIBAHUE C
JIMITUIHBIM MAaTPUKCOM IUIa3MaTH4ecKoil MeMOpanbl addexropHoit kiaetku [3].

|
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YHCJIO )KUBOTHBIX C apUTMUAMU, %

0 T T T T T T 1
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Puc. 1. AHTHapuTMUuecKas AaKTUBHOCTh HCIIBITYEeMbIX COCIMHEHWH W Tperapara
CpaBHEHHSI Ha MOJICNH aJpCHAIMHOBBIX apUTMUI
*— TOCTOBEPHOCTH pasimmums paccuntana mnpu P<0,05; 1 — xoaTpoms; 2 — o63uman (1 mr/kr);
3 — L-npomn (10 mr/kr); 4 — xommosurms Ne 4 (1000 mr/kr); 5 — xommosurms Ne 6 (200
MI/KT); 6 — Kommozurust Ne 6 (1000 mr/kr); 7 — kommosuttast Ne 7 (10 mr/kr)

V3mMeneHns1, BOSHUKAIOIIHE TIPH aJIbTEPAllid MUOKap/aa JI000ro TeHe3a M BIeKyIIre
3a co0Ol HapyIICHUS CEpJEYHOr0 PUTMA, MOTYT OBITH CKOPPEKTHPOBAHBI IPUMEHEHUEM
AMHMHOKHCJIOT, KOTOpBIE, SBISSICH MHTepMeanaTamu 1ukia KpeOca, oOKas3bIBaroT
Hecrenndpraeckoe Bo3AeCTBIE Ha 0OMEHHBIE TIpoIlecchl B MUOKapze [1].

C mo3unuii BO3MOJKHOTO BKJIIOYEHHUS aMHUHOKHCIOT B OMOIHEPreTHKY MHOKapna B
YCIIOBHSIX HIIEMHH TOTEHIMAIBHO HauOoiee aKTUBHBIMH M3 HCCIELYEMBIX SBISFOTCS
acraparvdH, TUCTHUJMH W TIYTaMUH, TO €CTh T€, KOTOpble HE TPeOYyIOT Uil CBOEro
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npeBpaiieHus B cyoctpatsl nukia Kpedca AT® u okucneHHbIx popM pepMeHToB [6].

NmeroTcss paHHBIE, YTO cepycoAeprKallle aMHUHOKHCIOTHI, SBIAACH JOHATOpaMH
THUOJIOBBIX TPYII, YMEHBIIAIOT I YCTPAHSAIOT TUCTOTOKCUYECKYIO TUITOKCHIO MUOKap/a,
BO3HUKAIOIIYIO 107l BJIMSHHEM aJipeHaJMHa, BOCCTAHABIMBAIOT COKPATUTEIBHYIO
CHOCOOHOCTh U HOPMAJIU3YIOT pUTM cepaia [1].

B MEXaHHU3Me apUTMOTEHHOT O JefcTBUS THUPO3UHA, SIBJISFOILIET OCS
MIPEIIECTBEHHUKOM KaTeXOJaMHHOB, CYIIECTBEHHYIO pOJb HUIpaer, BUIUMO, €ro
CIOCOOHOCTh B OOMNBIIMX J103aX AKTUBHPOBATH CHUMIIATHYECKYIO MHHepBauuio. JlaHHOE
00CTOSITENbCTBO B OONBIIMHCTBE CIy4aeB WIpaeT pelarollyld polb B Pa3BUTHH
SKTOIMMYECKON aBTOMaTHH [6].

3AK/IIOYEHUE

Koppekuusi HapymeHWH cepledHOr0 pUTMa OCTaeTcs aKTyalbHOM MpoOsieMoit
COBpPEMEHHOW Kapauonoruu. Hecmorpst Ha OoJblIoe KOJHMYECTBO JIEKAPCTBEHHBIX
MpenapaTtoB, HE KaXIbI COOTBETCTBYET TpeOOBaHMSAM KIMHHUIMCTOB H3-3a UX
HEIOCTATOYHON dPPEKTUBHOCTH U HAJIMYUS TTOOOUHBIX P PEKTOB.

[lepcrieKTUBHBIM SIBISICTCS. CO3J]AHWE HOBBIX JIEKAPCTBEHHBIX CPEICTB Ha 0a3e
€CTECTBEHHBIX MeTabonMToB. OJTa 00lacTh OSKCIEPUMEHTANbHOH (papmakomorum,
HECMOTpsI Ha OOWIIME TeopeTHUecKux paboT W onmyONMKOBaHUE psjga MOHOrpadwui, moka
HAXOJUTCS HA CTaJIMU CTAHOBJICHHUS.

OmHuM W3 HampaBiieHWd  QapMakoTepanuu  sBJsieTCS  KOMOMHHPOBAHHOE
MPUMEHEHUE JIEKAPCTBEHHBIX  CPEACTB, TMO3BOJSIONIMX  HCIOJB30BaTh  (EHOMEH
[IOTEHIIMPOBAHUs U OAHOBPEMEHHO BO3ZEHCTBOBATH Ha PAJ 3BEHBEB MAaTOJIOIMYECKOrO
Ipoiiecca.

Taxum 00pazoM, MOXKHO 3aK/IIOUUTh, YTO IPUMEHEHHE KOMIIO3ULIUHN, CO3NaHHbIX Ha
OCHOBE AaMUHOKHCIOT, MOXET ONTHMH3HPOBATh (HapMaKOKOPPEKLIUIO HapyIICHHH
CEpACUHOr0 pUTMAa B  KAPAUOJIOIMYECKOM IpakTHUKe. Manass TOKCUYHOCTb U
[IPEUMYIIECTBEHHOE  BO3ACHCTBME HAa  MeTa0ONMYECKME  IPOLIECCHl  MUOKaphaa
TEOPETHUYECKH JaeT BO3MOXHOCTb IPUMEHEHMs JaHHBIX COCAMHEHUH JIIOJSIM MOJIOAOrO0
BO3pacTa JUIi KOPPEKLUMH HEKOTOPBIX HPENNaTOJOTHYECKMX W  IaTOMOIMYECKHX
COCTOSHMM CEpAEYHO-COCYIUCTOM CHUCTEMBI 0€3 ONpelneNeHHOI0 pPHCKa Pa3BUTUSA
KapANOTOKCUYIECKUX OCIIOKHEHHH.

Pe3ynbTathl nccnenoBaHui cay)xaT 00OCHOBAaHHUEM VIS IPOJIOKEHHS NCCIIeIOBAHUI
10 pa3pabOTKe HOBBIX BBICOKOA((EKTHBHBIX KapHOIIPOTEKTOPHBIX CPEICTR.
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POSSIBILITY OF USING AMINO ACIDS WITH THE PURPOSE OF
CORRECTION OF FUNCTIONAL STATE OF CARDIOVASCULAR SYSTEM

Elaeva E. E., Yakimova E. A., Komarova N. A.

Mordovian State Pedagogical Institute named after M. E. Evsevev, Saransk, Russia
E-mail: yakimovalena@mail.ru

In modern conditions of social and economic development of Russian society, the
problem of maintaining human health is one of the leading. Among diseases of the
cardiovascular system, a special place is given to cardiac rhythm disturbances, which are
considered to be the most common complication of myocardial infarction, often being
harbingers of the unfavorable. Sudden cardiac death, caused in a large percentage of cases
by ventricular fibrillation, is one of the most serious problems of modern cardiology, not
only because of dramatic, but also because of high. Currently, there is a large arsenal of
antiarrhythmic drugs, but their use is associated with a known risk, since many of these
drugs can cause severe violations of atrioventricular and intraventricular conduction. The
presence of a large number of side effects, including arrhythmogenic effects, significantly
limits the use of existing antiarrhythmics in a number of clinical situations that threaten
the life of the patient, in particular, with myocardial infarction. The complexity, diversity
and wide prevalence of cardiac arrhythmia dictate the need to search for new effective and
non-toxic antiarrhythmic drugs that affect the primary links of arrhythmogenesis.

The article analyzes the possibilities of using pharmacological preparations of
metabolic type of action for correction of pre-pathological and pathological changes in the
cardiovascular system. To model the cardiotoxic effect of epinephrine, we caused
disturbances in the heart rhythm by its intravenous injection. As experimental
cardioprotective agents, we used compositions characterized by the qualitative and
quantitative content of the following amino acids: Leucine, isoleucine, valine, tryptophan,
phenylalanine, methionine, lysine, histidine, serine, glutamine, leucine, isoleucine, valine,
tryptophan, phenylalanine, methionine, lysine, histidine, serine, glutamine, histidine. In
addition, we studied the amino acid L-proline, which showed the greatest anti-arrhythmic
activity in screening models of arrhythmias. In the above model of cardiac rhythm
disturbances, the antiarrhythmic activity of the test substances was assessed by their
ability to prevent premature ventricular complexes or weaken their severity, which was
expressed in a decrease in the frequency of ectopic contractions (BSEC). In addition, the
ability of the test substances to prevent mice death caused by the administration of

63


mailto:yakimovalena@mail.ru

Enaesa E. E., 5lkumoea E. A., Komapoega H. A.

epinephrine hydrochloride was assessed. It was revealed that all the compounds studied
showed antiarrhythmic activity and were not inferior to the comparison drug obzidan by
the ability to prevent ventricular extrasystole, and certain combinations prevented the
lethality of experimental animals, which favorably differed from the comparators. Thus, it
can be concluded that the use of compositions based on amino acids can optimize the
pharmacocorrection of cardiac rhythm disturbances in cardiac practice. The low toxicity
and the predominant effect on the metabolic processes of the myocardium theoretically
makes it possible to use these compounds for young people to correct some of the pre-
pathological and pathological conditions of the cardiovascular system without a definite
risk of developing cardiotoxic complications. The results of the studies serve as a rationale
for continuing research on the development of new highly effective cardioprotective
agents.

Keywords: pathology of the cardiovascular system, cardioprotective action, students,
adaptation, amino acids.
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NMOKA3ATEJIN ECTECTBEHHOW PE3UCTEHTHOCTU KOPOB,
NMPUHAONEXALLUX K PA3HbIM JIMHUAM BbIKOB

Epemenko B. H., Cmacenxosa IO. B.

Kypckaa zocyoapcmeennan cenvckoxosaiicmeennan akademusn umenu U. U. Heanosa, Kypck, Poccus
E-mail: vic.eriomenko@yandex.ru

IIpakTHYecKH LEHHBIM IIPE/CTAaBIIACTCS M3ydEHHE IOKa3aTeNleil eCTeCTBEHHOH PE3UCTEHTHOCTH Yy KOpOB,
MIPUHAJISKAIINX K Pa3IUYHBIM JIMHUSM OBIKOB. DTO TTO3BOJMT BBISBUTH JXMBOTHBIX, IMPUHAUIEKAIINX K
OIpe/IeTICHHOH JIMHUM OblKa, ¢ Oolee BBICOKUMH IIOKA3aTEeNsIMH €CTECTBEHHOH PE3MCTEHTHOCTH, TAaKHX Kak
oakrepununHas (BACK), mumzonnmvuas (JIACK) akTHBHOCTB CBIBOPOTKM KPOBH M OOIIMX UMMYHOTJIOOYITHHOB.
B cBM3u ¢ atuM Obula TOCTaBICHA 3a/aya OIpENEIMTh HauOoliee PE3UCTCHTHYIO JIMHHIO KOpPOB,
NIPUHAUISKAIMX K JUHUSAM OblkoB Pomymyc, Penan, Xakcia u Xonur. MccnenoBanus ObLIM NMPOBEAEHBI HA
KOpOBax 2-# JIaKTallil CHMMEHTAJILCKOW TIOPOABI, KOTOPBIE MPUHA/UIEKAIN K Pa3HBIM JIMHUSIM, 110 10 ronos B
KaXJ0i Tpymme. B kpoBu ompenernsiiii OakTepHIUIHYIO, JTH30LUMHYIO aKTHBHOCTH CBIBOPOTKH KPOBH H
o0Ie MMMYHOTIO0YIUMHEL. [IpOJYKTHBHOCTh JKMBOTHBIX ObliIa TPAKTHYECKH OJMHAKOBOH — Ha YpPOBHE
10600-11000 kr 3a nmakrauuio. B pe3ympraTe npoBeAeHHBIX HCCIIETOBAaHHUI OBUIO YCTAHOBJIEHO, YTO MEXKTY
YPOBHEM MOJIOYHOH MPOIYKTUBHOCTH KOPOB B TEUEHHUE JIAKTALMU M H3y4aeMbIMHU MOKa3aTeNIIMU YCTaHOBJICHA
oTpHLAaTeNbHas KOppesIus, Koropas cocrasisiia or r=-0,63-0,89 B 3aBucuMoctu ot mokasareneil. Bonee
Beicokne nokaszarenu BACK, JIACK u o0mux nMMyHOr100y/THHOB OBIIIH Y KOPOB JIMHHU Oblka Pomynyc mo
CPaBHEHHIO C KOpoBaMHM JIMHUM ObIkoB Penan, Xakcia u XoHHr. DTO MO3BOJISET PEKOMEHIOBATh Kak Oolee
PE3UCTEHTHYIO JIMHUIO KOpOB Oblka PoMynyc uisi IpeMMyIIECTBEHHOIO HCIIOJIB30BAHMS B CEICKIIMOHHOM
paboTe co cTazoM KOpOB.

Knioueevte cnosa: GakrepuuumHas, JU30LKUMHAs akTHBHOCTH chiBOpoTkH KpoBH (BACK, JIACK), obmme
HMMYHOTJI00YJTHHBI, TUHUN KOpoB Obika Pomyityc, Penan, Xakcn u Xonwr.

BBEJIEHUE

Baxneiiinm 1nokaszaTesieM YpPOBHSI Pa3BUTHS MOJIOYHOTO CKOTOBOJCTBA SIBJISETCA
Ka4yecTBO BEJCHHUS CEJIEKIMH KUBOTHBIX. B Hacrosiiee Bpems cenekunoHHas padora, Kak
[IPaBUJIO, HAIIpaBJIEHa Ha YBEIMUEHUE YPOBHS MOJIOYHOM NPOAYKTUBHOCTU CKOTa. OOHAKO
OIJHOCTOPOHHSSL CEJIEKLHs], CBSI3aHHASI C YBEIWYEHHEM NPOAYKTUBHOCTH, NPHBOAUT K
CHIDKCHUIO a/IalITHBHBIX CBOMCTB OpraHu3ma u pesucteHTHocTH [1-4]. B mocnennue romst
B Hallled CTpaHe CEeNeKIMOHHbIE Pa0OThl HANpaBIICHbI HA IOBBILICHHE YPOBHS HE TOJIBKO
MOJIOYHOH TNPOAYKTUBHOCTH, HO M YCTOHYMBOCTH JKUBOTHBIX K Pa3IM4HBIM
3a0onmeBaHusIM. B CBSI3M C 3TUM NpH CENEKIHOHHOW paboTe HEOOXOAMMO YUYHTHIBATH
TEHETHYECKOe MPOMCXOXKICHUE >KUBOTHBIX. OCOOEHHO BaKHBIM SIBJISETCS H3Y4YCHHUE
MoKa3aTeNeil Pe3UCTEHTHOCTH Y pa3inYHbIX JIMHUN KopoB [5—12]. TloaToMy meranbHOE
H3y4YeHHE KOPOB PA3IMYHBIX JMHUI OBIKOB MO3BOJIUT BBISIBUTH HauOoliee pPEe3UCTECHTHBIC
JIMHUAU KPYTTHOIO POraToro CKora.
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MATEPHUAJIBI U METO/1bI

Uccnenosanus npoBogminck Ha koMmiuiekce OO0 «3ammrHoe» Kypckoii obnacrtu.
OOBeKTOM HUcclenoBaHuss ObIIM  KOPOBBI CHUMMEHTANBCKOW  TOPOIBI, KOTOpBIC
npuHaanexanmd K juHusM ObikoB Pomynyc, Pemax, Xakcn, Xonur. JKuBoTHBIC
BBIPALMBAJIUCh B OAWHAKOBBIX YCIOBMSIX KOPMJIEHHS U CoJepKaHHS. Y POBEHb
KOpPMJICHHSI COOTBETCTBOBAJI HX (H3UOIOTHYECKUM MOTpeOHOCTSIM. [IpoayKTHBHOCTH
KOpOB ObIJTa MPaKTUYECKH OJMHAKOBOHM M Haxoauiack Ha ypoBHe 10600—11000 momnoka 3a
nakraiuio. KpoBb 710 yrpeHHero kopmiieHus 1 pas B Mecsity oroupanu y 10 >KMBOTHBIX OT
Ka)X/I01 JJMHUU KOpOB. B KpoBM onpeaersii 0akTepUIMIHYIO 1 JTM30IUMHYIO aKTHBHOCTD
CBIBOPOTKM KpOBH Ha KynbType kuiieunoi nanodku (E. Coli), mo meromuke YHUNOB
[13], a Taxke oOIIMEe UMMYHOTIIOOYIIMHBI IMHK-CYyIbQaTHEIM MeTrooM [14]. O6paboTKy
TIOJTyYEHHBIX PEe3yJIbTaTOB HCCIENOBAaHUI MPOBOAWIN C HCIOIB30BAHMEM IPOrPAMMBI
Microsoft Excel.

PE3YJIbTATBI 1 OBCYXJIEHUE

baxmepuyuonas akmusnocmo coigopomiu kposu (bACK).

W3 naHHBIX, MPUBEICHHBIX Ha PUCYHKE 1, BUJIHO, YTO HA MEPBOM MeECSIIC JIAKTAIIUU
OaKTepHUIMIHAS AKTHBHOCTb CHIBOPOTKH KPOBH Y KOPOB, MPUHAMISKAIIMX K Pa3HbIM
JIMHUSM, Oblla IPUMEPHO Ha OJMHAKOBOM YPOBHE M HAXOIWJIACh HA YPOBHE MEXIY
66,8+3,18 % u 67,242,71 %. Ha BTOpOM MecsIie IaKTallUK 3TOT IMOKA3aTellb y BCEX JTUHHM
KOPOB HE3HAUMTEIILHO YBEIUUMIICS U Haxoauiicsa Mexay 68,2+3,08 % u 70,2+3,99 %. Ha
MUKE JIAKTAIlMK, KOTOPBI COOTBETCTBOBAJN TPEThEMY MecsIly, HAo0OpoT, HaOIH0IANI0Ch
CHIDKEHUE OaKTEpHUIIMTHON aKTUBHOCTH CHIBOPOTKH KPOBHU. [10 OTHOIIGHHIO KO BTOPOMY
MeCSIly JIaKTallu! 3TO CHIDKEHHE y KOpoB JHHHH Obika Pomynyc mponszonuio Ha 8,4 %, y
muann Obika Pemag — ma 21,9 %, y ymaun Obika Xakcen — Ha 23,9 %, y auHAM OBIKa
Xonur — Ha 18,6 %. B panpHeimeM 1O XOJy JIAKTallMKd TPOW3OLUIO YBEIUYCHUE
OaKTEepHUINIHON AKTHBHOCTH CBIBOPOTKH KpPOBH. JTO YyBEIHYEHHE TMPOU3OILIO y BCEX
MIOJIOTIBITHRIX KOPOB HE3aBUCHUMO OT WX JHHEHHOW mpHuHAIeKHOCTH. (CpaBHUBAs
MoKa3aTeln OaKTePUIIUIHON aKTUBHOCTH CBHIBOPOTKH KPOBH MEXKIY MOJOMBITHBIMU
TPyIIIaMHA KOPOB, CIEIyeT OTMETUTH, YTO J0 8§ MecsIa JIAKTallih ITOT MOoKa3aTeldb ObLI
HE3HAYHTENHHO BBINIE Y KOPOB, MIPHHAUISKAIMNX K JHHUHA Oblka PoMyiryc, a Ha TperbeM
MecsIe TAKTAIlU! Y ATOH JIMHUU KOPOB OTMEUEHbI CTATUCTUIECKH JTOCTOBEPHBIE PA3ITHIHS
[0 OTHOIIEHHWIO K JaHHBIM KOPOB, MPHHAISKAIMNX K JUHUAM ObIkoB Pemam m Xaxcn
(P<0,05). Ha gerBepTOM MecsIle JTaKTallMA TaKWe Pa3A4Ms ObLUIM OTMEUYEHBI M Y KOPOB
muann O0b1ka Xouur (P<0,05). Mexmy OakTepuiuIHOW aKTUBHOCTHIO CHIBOPOTKA KPOBH U
CPEIHECYTOYHBIMU YAOSIMH y BCEX JIMHHHA KOPOB YCTaHOBJIEHA OTpHIlATEIbHAS
KOppeIAIs, KOTOpasi COCTaBMIIa Y KOpoB MuHUH Obka Pomymyc r=-0,77, y KopoB THHUN
obrka Peman r=-0,81, y kopoB nmHUN ObIka Xakci = -0,83, y kopoB juHUN OblKa XOHHT
r=-0,80.
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Puc. 1. lunamuka OakTepUIMIHON aKTUBHOCTH ChIBOPOTKU KpoBH (BACK) y xopos,
MPUHAICKAIINX K PA3HBIM JTUHHUSIM OBIKOB

Jluzoyumnas axkmusnocmov coigopomku kposu (JIACK). JlmzonmmHasi aKTHBHOCTH
CBIBOPOTKH KPOBU Ha IEPBOM MECSIIEC JIAKTALIUK Y MOAOMNBITHBIX KOPOB ObLIAa MPUMEPHO
Ha OJMHAKOBOM YPOBHE M COCTaBJsIa y KOpPOB JuHUHM Obika Pomymyc 15,5+£1,43 %, y
nunaun Obika Pemanm 14,8+£1,92 %, y nuaum Obika Xakcn 14,6+£1,37 %, y nuHuu Obika
Xonwur 14,9+1,44 %.
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Puc. 2. /luHaMuka JTU30IUMHOW aKTUBHOCTH ChIBOpOTKU KpoBu (JIACK) y kopos,
MPHHATISKAIIUX K Pa3HBIM JIMHHUSIM OBIKOB

K TperpemMy wMecsmy makTalid, KOTOPBIA COOTBETCTBOBAN MWKy JIaKTallWH,
MPOM3OIILIO CHIDKEHHWE JTOro TokazaTens. Tak, y KOpoB nuHHH Oblka Pomymyc 310
CHIDKEHHUE OBIJI0O HE3HAYUTENFHBIM M COCTaBUJIO B 3TOT Tepuon gakranuu 15,0£1,0 %. Y
JIpYTUX JUHAA KOPOB STO CHIDKEHHE OBUTO Oollee 3HAUYMTENBHBIM. TaK, IO OTHOIIEHHIO K
MIEPBOM MeCHIly JIAKTAIllUd y KOPOB JHMHHWH OblKa Pemam 3To CHIKEHHWE MPOM3ONILIO Ha
65,5 %, y muaum Opika Xakcn Ha 67,8 % (P<0,05), y nuamm Opika Xowur Ha 70,5 %
(P<0,05). B manmpHelimeM mo XOAy JaKTaIl[MH HAOIIOMANIOCh YBEIHYEHHE JIM30IIUMHON
AKTUBHOCTH CBHIBOPOTKH KpOBH. ClI€yeT OTMETUTH, YTO OoJiee BHICOKHE 3HAYEHUS TOTO
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MoKa3aTels 10 8 Mecsla JIAKTalui ObLTH TaK)Ke OTMEYCHBI Y KOPOB, MPHHAICKAIIUX K
nuauK Obika Pomynyc. Tak, Ha BOCBMOM MecsI1€ JIAKTAIUU Y KOPOB JIMHUU ObIka PoMyiyc
JU30LUMHAsl aKTHBHOCTh CHIBOPOTKH KpoBH cocTaBmia 22,0+2,16 %, y KOpOB JHWHUH
obika Penman 21,2+1,7 %, y kopoB nunun Obika Xakcn 20,1+1,45 %, y KOpOB JTUHHH ObIKa
Xouur 21,6+1,57 %. Ha npeBstoM Mecsie akTaiuu Oojiee BBICOKHE ITOKA3aTENIH
JIU30LIMMHON aKTHMBHOCTH CHIBOPOTKH KPOBU OBUIM Y KOPOB JIMHUM Oblka XOHHUT U
cocraBuian 24,4+1,59 %, a Ha AecATOM Mecslle 3TOT IOKa3aTelb ObLI BBHIINIC Y KOPOB
nuHuM ObikoB Pomynyc m Peman w cocraBmsn 25 %. Mexany ypoBHEM JIM30IUMHOMN
AKTUBHOCTH CBIBOPOTKHM KPOBH U CPEIHECYTOYHBIMH YAOSMH KOPOB YCTaHOBIICHA
oTpulaTenbHas Koppemsnus. Tak, y KopoB TuHUH Obika PoMyiyc oHa cocraBuna = -0,87,
y kopoB juHuU Obika Penman r = -0,89, y kopoB nunuu Obika Xakcin I = -0,88, y xopoB
JmHnu Obika Xouwur r= -0,86.

Takum o0paszom, mposenennbie uccienoBanuss BACK u JIACK y nakrupyromux
KOPOB pa3HbIX JIMHUN CBUJCTEILCTBYIOT O TOM, YTO 00JI€e BBICOKHE 3HAUCHMS ITHUX
rokasartejiell ObUIM OTMEUEHBI Yy KOPOB, MPUHAISKAIIUX K JIMHUU OBIKOB Pomyiyc.
Mexay ypoBHEM MOJIOUHON MpoayKTUBHOCTH KopoB U mokazatenmsmu BACK u JIACK
YCTaHOBJIEHA OTPHIIATENIbHAS KOPPEISTHBHAS CBS3b.

Hunamuxa oowux ummyHo2106y1UHO8 8 KPOSU TAKMUPYIOUUX KOPOG PA3HBIX JIUHULL

IIpu wuccrnemoBannm OOMMX WMMYHOTJIOOYJIMHOB B KpPOBH IMOJIONBITHBIX KOPOB,
MIpUHAISKAIX K JTUHUSM ObIkoB Pomymyc, Penan, Xakcn, XoHur, OBIJIO YCTAHOBJICHO,
YTO KOHIIEHTpAIMS 3TOrO IMOKAa3aTeNsl HE3aBHCHMO OT T€HETHYECKOTO IPOHMCXOXIECHUS
KOpPOB B TIEPBOM TPHUMECTPE JaKTamuu ObUIa TPUMEPHO OAWHAKOBOW. BBIpaKeHHBIX
pa3uuuil  MEXKIy TOMONMBITHEIMH JIMHHSIMA KOPOB B JTOT TIEPHOJ JIAKTAIMA HE
ycraHoBieHo. Ha mepBoM Mecsilie JIaKTallid YpOBEHb OOIIMX WMMYHOTJIOOYIHUHOB B
KpOBHM KOpOB JiMHMM Oblka Pomynyc cocraBun 13,54+0,52 mr/mui, y nuHuu Obika Peman
12,740,44 wmr/mn, y auaud Obika Xakca 12,040,29 mr/mia, y JuHud Oblka XOHHUT
12,2+0,54 mr/mu.
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Puc. 3. Jlunamuka oOmMHX WMMYHOTJIIOOYJIMHOB B KPOBH JIAKTUPYIOIIAX KOPOB
Ppa3HBIX JIMHUK
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Ha nwke nakrtanuu 3TH 3HA4YEHHs] HE3HAYUTEIBHO Yy BCEX MOAOMBITHBIX KOpPOB
YBEIMYWINCH. Y KOPOB JTHMHHUHU ObIka Pomymnyc no yposus 14,0+0,43 mr/mi, y nuHuM ObIKa
Penan no 13,1+0,47 mr/mn, y suaun Obika Xakcn go 13,5+0,5 mr/mut, y auHMA ObIKa
Xonwur mo 13,3+£0,35 mr/mi. B panpHelimeM mo XoAy JIAKTallMKW KOHIIEHTPAIUS OOIIUX
WMMYHOTJIOOYJIMHOB B KPOBHU TOJOIBITHBIX JUHUHM KOPOB MOCTEIEHHO YBEIUYMBANIACh. Y
KOpOB JTMHHHU ObIKa Pomynryc HanbombIne 3Ha4YeHUs 3TOro MoKa3aTessi ObUIH Ha 6 Mecsie
JaKTauuu U coctaBuiau 26,1+0,79 Mr/mi. ¥V Apyrux MOJONBITHBIX KOPOB HanOONbIINE
3HAUCHMS OOIIMX UMMYHOTJIOOYJIMHOB B KPOBH OBUIM TakXe Ha 6 Mecsle jJakTaiuu. Tak,
y KOpoB JInHUMU ObIka Peman 3ot mokasarens coctaBmi 23,1+0,78 Mr/mit. YV KOpOB JTHHHUH
Oblka Xakcl MakCHMaJlbHbIC 3HAYEHWs OTMEYEHBI Ha 8 Mecslle JaKTaluh U COCTaBHIU
24,240,80 Mr/mi1, y KOpOB JMHHM Oblka XOHHUT Ha 6 Mecslle JaKTalluh YPOBEHb OOIIMX
WMMYHOTTIOOYJIMHOB Haxoawicst Ha ypoBHe 23,3+0,53 mr/mi. Mexay ypoBHEM MOJIOYHON
MPOIYKTUBHOCTH KOPOB W KOHIIGHTpalMeld OOmMX HMMYHOTJIOOYJIMHOB B HMX KpPOBH
yCTaHOBJICHA OTPUIATENbHAS KOppeNsus. Y KopoB THMHUHU Oblka PoMyiyc oHa cocraBumiia
r=-0,63, y nuuuu Obika Pegan — r=-0,68, y qunun Obika Xakcin — r=-0,69, y iuHumu Obika
Xonwur — r=-0,67.

CpaBHHBAsi MTONYYCHHBIE PE3YJIBTAThl, MOXXHO 3aMETHTh, UYTO B OT/EIBHBIE MECSIIBI
JAKTAlMU KOHIIEHTpAIys OOIMUX WMMYHOIJIOOYJIMHOB B KPOBH ObLIA BBINIE Y KOPOB,
NpHHAAIeKAIUX K JuHAM Pomynyc. Ha 6 Mecsie maktanuv 5TH pasidyds 110
OTHOIICHUIO K CPaBHUBAaEMBIM JIMHUSM KOPOB OTMEUEHBl KaK CTaTHCTHYECKH
nocrosepasie (P<0,05). Ha 7 mecsme jakTanuu 3TH pasiuuvs COXPAaHUIINCH Y KOpOB,
MIpUHAUIeKAIIX K TUHUSIM Oblka Peman u Xakcen (P<0,05).

Takum 00pa3oM, pe3ynbTaThl HCCIEIOBAHHN OOMIMX HMMMYHOTJIOOYJIHHOB B KpPOBU
JAKTUPYIOLIKX KOPOB, IPUHAUISKAIINX K PAa3HBIM JIMHUAM, CBUIETEIBCTBYET O TOM, UTO
Oosee BBICOKME 3HAYEHMsI STOrO IOKa3aTeds ObLIM y KOpOB JMHUM Oblka Pomymyc mo
cpaBHEHHUIO ¢ JUHHUSIMH Oblka Peman, Xakcnm m XoHUT. Mexay KOHIICHTparuend oOIimx
UMMYHOTJIOOYJIMHOB B KPOBH KOPOB M CPEIHECYTOYHBIMH YyJOSMH YCTaHOBJICHA

OTpHUIIAaTeNbHAS KOPPEIATHUBHASI CBs3b, KoTOopas Oblta Ha ypoBHe Mexmy =-0,63 u
r=-0,69.

3AK/IIOYEHHUE

B pesymbraTe TpOBENEHHBIX HCCIENOBAHWN YCTAHOBJIEHO, 4YTO OoNiee BBICOKHU
YPOBEHb OAaKTEpULMIHON M JIM30LMMHON AaKTUBHOCTH CBIBOPOTKM KpPOBH, a TaKxKe
YpOBEHb OOIMX HWMMYHOTJIOOYJWHOB B KPOBH HAONIIOMANCA y KOPOB JIMHAW ObIKa
Pomyryc mo oTHOmIEHWIO K cpaBHHUBaeMbIM JTUHUSM ObIkoB Peman, Xaxcn, Xonur. 910
CBHIETENbCTBYET O 0ojee BBICOKOM PE3UCTEHTHOCTH >XHMBOTHBIX, HMPUHAUIEKALINX K
nuHIY ObiKa Pomymyc.

Mexny OaKkTepULUIHOM aKTUBHOCTBIO CHIBOPOTKH KPOBH U CPEOHECYTOYHBIMH
YIOSMH y BCEX JHMHHH KOPOB YCTAHOBJICHA OTpHULATENbHAS KOPPEIALUS, KOTOpas
cocraBmia y kopoB nuauM Pomymyc r= -0,77, y xopoB muanu Pemanx r= -0,81, y xopos
muann Xakcn r= -0,83, y kopos nuaun Xonwur = -0,80.

Mexny ypoBHEM JHM30LMMHONW aKTUBHOCTHU CHIBOPOTKU KPOBU M CPEOHECYTOYHBIMH
YI0SIMH KOPOB yCTaHOBJIEHA OTpHULATeNbHasi Koppensiuus. Tak, y KopoB TuHun Pomyiyc
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oHa cocraBmia I'= -0,87, y kopos suauu Pegan r = -0,89, y xopo nmunuu Xaxcin r = -0,88,
y KopoB JuHMK XoHwr = -0,86.

Mexay ypOBHEM MOJIOYHOM MPOMYKTUBHOCTH KOPOB M KOHIIGHTpAI[UEeH OOIIMX
HMMYHOTJIOOYJIMHOB B WX KPOBM YCTAaHOBJICHA OTpUIATENbHAs KOppensius. Y KOpOB
nuanu Pomynyc ona cocrasmna =-0,63, y muauu Penag — r=-0,68, y nuaun Xakci — r=-
0,69, y muamum Xomur — r=-0,67. OrpHUATEIbHYIO KOPPEISITHBHYIO CBSI3b MEXIY
MOKa3aTeNIAIMU  OOIIeH PE3UCTEHTHOCTH >KMBOTHBIX W MOJIOYHOH HPOAYKTHBHOCTBIO
OTMEYAIOT U APYTHE UCCIIENOBaTeNH. JTO, BUAUMO, CBSI3aHO C TEM, YTO B IIEPUO]] BHICOKUX
YIIOCB OPraHW3M J>KUBOTHBIX HCIBITHIBAECT BBICOKYIO HAMPSKEHHOCTh M C BIIMSHUEM
MUTATSIBHBIX BEIIECTB HA CHHTE3 MOJIOYHBIX KOMIIOHCHTOB MOJIOKA, B TOM YHCIE H
0EJIKOBBIX, KOTOPbIE (POPMHUPYIOT OOIIYI0 PE3UCTEHTHOCH KUBOTHBIX [ 15].

B  pesynaprare  TPOBEINEHHBIX  WCCIENOBAHWH IS NPEUMYIECTBEHHOTO
WCTIOJIb30BaHMS B MOJIOUHOM CTajie KOPOB MOKHO PEKOMEHJI0BATh JIMHHIO KOPOB OBbIKa
Pomynyc, Tak kak oHa mmeer Oosee Bbicokue mokasarenu BACK, JIACK wu oOmmx
WMMYHOTJIOOYJIHHOB B KPOBH, a 3HAYUT oOnajgaer Oosee BBICOKOH PE3UCTEHTHOCTHIO 1O
OTHOIIIEHHUIO K CPAaBHUBAEMBIM TIPYIINAM.
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INDICATORS OF NATURAL RESISTANCE OF COWS BELONGING TO
DIFFERENT LINES OF THE BULLS

Eremenko V. 1., Stasenkova Yu.

Kursk state agricultural Academy named after I. I. Ivanov, Kursk, Russia
E-mail: vic.eriomenko@yandex.ru

It is practically valuable to study the indicators of natural resistance in cows
belonging to different lines of bulls. This will help to identify animals belonging to a
certain line of bull with the higher levels of natural resistance such as bacteria (BASK),
lysozyme (FOREPLAY) activity of blood serum and total immunoglobulin. In this regard,
the task was to determine the most resistant line of cows belonging to the lines of bulls
Romulus, Redad, HuxI and Honig. Studies were conducted on cows of the 2nd lactation of
the Simmental breed, which belonged to different lines of 10 heads in each group.
Bactericidal, lysozyme activity of blood serum and General immunoglobulins were
determined in the blood. The productivity of animals was the same level 10600-11000 kg
per lactation. As a result of the conducted researches it was established that between the
level of dairy productivity of cows during lactation and the studied indicators the negative
correlation which made from r=-0.63-0.89 is established. Higher rates BASK,
CARESSES and total immunoglobulins were cows line of bull Romulus compared to lines
bulls Read, Hack and Honig. That allows to recommend the line of cows of a bull of
Romulus for primary use in selection work of a herd of cows.

Keywords: bactericidal and lysozyme activity of blood serum total immunoglobulins,
line of cows the bull Romulus, Read, Hack and Honig.
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ONTUMU3ALINA COCTABA NMUTATENBLHOW CPEAbLI ANA
KIOHANNIbHOIO MUKPOPA3MHOXEHUA IN VITRO COPTOB MATDI
AXYPHAA N BEPTAMOTHAA
3azopckasa M. C., Ezoposa H. A.

Deoepanvroe zocyoapcmeennoe d100xcemnoe yupescoenue Hayku «Hayuno-uccnedoeamenvckuil
uncmumym cenvckozo xosaiicmea Kpvimay, Cumgpeponons, Pecnyonuxa Kpoim, Poccus
E-mail: zagorskayamargo@gmail.com

Llenbto uccnenoBaHus ObUIO M3YYCHHE BIMSHHMSA COCTaBa IIMTATENbHOW cpeibl Ha MophOMeTpHYecKue
OKa3aTeNn HKCIUIAaHTOB Ha 2-OM 3Tale KIOHAJIBHOTO MHKPOPa3MHOKEHHs COPTOB AKypHasi U bepramorHas.
Ucmeitano 14 mommdukanuii murarensHol cpensl MC ¢ pasiUuHBIM COZlepKaHHEM pETYISITOPOB pocTa U
caxapo3bl. YCTaHOBJICHO, YTO Ha W3YYECHHbIE MOKA3aTeNIN Pa3BUTHS SKCIUIAHTOB BIMSIIM COCTaB IUTATEIBHOM
cpensl ¥ reHoTHI. Hanborplnee ynciio moderoB Ha sKCIUIaHT y copTa AxkypHas (3,4 mT.) 6sut0 Ha cpene MC
¢ nobasnenuem 1,0 mr/n BAII, 0,5 mr/nmn UYK u 1 % caxapossl, Torna kak y ‘bepramornoit’ (3,8 wr.) — Ha
cpene MC c 1,0 mr/n BAII, 0,5 mr/n I'Ks u 2 % caxapossl. [lnnHa nmoOeroB ¥ 4MCIO Y3JI0B Ha HHUX Y
‘AxypHoil” ObUIM MaKCHMAaJBbHBIMU Ha 0e3rOpMOHaJIBHOM cpene, a y ‘bepramorHoii” — Ha cpezne ¢ 0,1 mr/n
T3, 0,5 mr/n UVK u 2% caxapossl. KoadduimeHT pasMHOXKEHHS TPH 3TOM JOCTHUTAT MaKCHMAaJIEHOTO
3HaueHust y ‘AxypHoit” (12,6) Ha cpeme c¢ 1,0 mr/m kunermna, 0,5 mr/m UYK u 2 % caxapossl, a y
‘bepramotnoii’ (9,8) — npu nodasnenuu 1,0 mr/a 3earuna, 0,5 mr/n YK u 2 % caxapossl. Ha stux cpenax
Habmomanu pusorenes ¢ yacroroir ot 80 mo 100 %, 4TO MO3BONSET MCKIIOUUTH 3Tall YKOPEHEHus in Vitro y
U3YYCHHBIX COPTOB MSITHI.

Kmiouesvie cnosa: Mentha spp., in Vitro, kJIoHanpHOE MUKPOPa3MHOXKEHHE, IMTATENbHAs Cpela, PEryIsTOpbl
pocTa pacTeHU.

BBEJIEHUE

Pox Mentha macunteiBaer 6osee 600 BHIOB, HEKOTOPHIE U3 HUX BO3MEIBIBAIOTCA BO
MHOTHX CTpaHaX MHpa, IPEXJIE BCEro KaK JIEKAPCTBEHHBIC M d(PUPOMACINIHBIC PACTCHUSL.
[TomynsapHOCTh MSATHI B 3HAYMTENBHOW CTEIEHH CBS3aHA C COZAEPKAHHEM B 3(PHPHOM
Macie MeHTona. Kak ero mpupoaHbIil HCTOYHUK MATa UCIIONB3YETCS YEITOBEKOM JJOBOIBHO
nmaBHO [1]. CrekTp mpUMEHEHHS PaCTHTEILHOTO CHIPhS M 3()HPHOTO Macia MATH OYEHBb
IMIUPOK: 3TO KOCMETHYECKas, IHUINEBas INPOMBIIUICHHOCTh, (apMakoIOrHs, a TarkKe
MemunuHa. [IpenapaTel U3 MSTHI OKa3bIBAIOT aHTUCENTHYECKOE, CENAaTHBHOE, YMEPEHHOE
CIIa3MOJITHYECKOE, KETIETOHHOE, aHTUIMETHIECKOE JICHCTBHE.

3a CpaBHUTENBHO KOPOTKMH TIEpHOA BpPEMEHH (OPMHPOBAHUS OHOTEXHOIOTHH
pacTeHWil Kak CaMOCTOATEIBHOTO HAIPABICHHWS HAYKH JOCTHTHYTHI DPe3yJbTaThl,
nMeromre 6onpioe GyHIaMEHTaIbHOS U MPUKIagHoe 3HaYeHne. Hanbomnbinee pa3sutie
MONYYHIIM TEXHOJOTHU KIOHAJIBHOTO MHUKPOPAa3MHOXEHHS M O3JOPOBIICHHS PACTCHHIA.
Bo3spacraronmii cripoc Ha Ka4ecTBEHHOE d(PpHUPHOE MACIO MATHI TUKTYET HEOOXOAUMOCTh
pa3zpaboTKu 3¢ (heKTHBHBIX OMOTEXHOIOTHYECKUX CIoco0oB KIJIOHAJILHOTO
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MUKpOpa3MHOKeHMsI nepcrekTuBHBIX copToB. B HUM censckoro xozsiictBa Kpbima B
TEYEHHE MHOTUX JIET MPOBOAMUTCS paboTa MO CO3JaHHMI0 COPTOB MSATHI C Pa3IHMYHBIM
KOMITIOHEHTHBIM COCTaBOM 3QupHoro wmacna. HemaBHO momydeHl W BBEACHBI B
T'ocymapcTBeHHBIN peecTp CENEeKUMOHHBIX JocTHXKeHUM Poccuiickoir @enepanuu
BBICOKOMEHTOJIBHBIN COPT AXKypHas U HEMEHTONbHBIN copT bepramornas [2]. Jlns Hux
MEePCIeKTUBHA pa3paboTKa MPUEMOB KIOHAIBHOIO MHUKPOPa3MHOKEHHs N VItro ¢ 1esbto
YCKOPEHHOI'0 pPa3MHOKEHUS M TOJyYEHHUS KaueCTBEHHOro MOCAJ0OYHOro MaTepuana, a
TaKOKe JICIOHUPOBaHHUs IN Vitro.

K mHacrosmemy BpeMeHH NPOBEACHO JOCTATOYHO MHOTO OHOTEXHONIOTHYECKUX
HCCIICIOBAaHUN pa3HBIX BHJOB MSATHI KaK OTEYECTBEHHBIMH, TaK H 3apyOeKHBIMHU
YYEHBIMH. DTH UCCIIEJJOBAaHUS KacajiCh BONMPOCOB MHAYKIIMU KaJUTyco- u Mop(orenesa,
KJIOHAJbHOIO MHUKPOPAa3MHOKEHHSI, JEOHUPOBaHMs IN Vitro u np. Tak, ObUIM H3ydYeHBI
0COOCHHOCTH KaJUTycOOOpa30BaHUsl B KYJIbTYpE JUCTOBBIX HKCIUIAHTOB MSTHI MEPEYHOU
Ha MUTATEIBHBIX CPEIax ¢ Pa3inyHbIM cojiepkanueM ceneHa [3]. M3BecTtHO 0 pa3paborke
MIPUEMOB XOJIOJIOBOIO XPAaHEHHsI MPH HU3KUX MOJOKHUTENbHBIX TEMIIEpaTypax y 4eThIpex
TFeHOTUTIOB MATHI U3 FOKHOM A3MM M MONydeHUs: MEIUICHHO pacTylied KyIbTypel 0e3
MMOJIHON OCTaHOBKH pocta [4]. IIpoBoasTcss TakKe MCCICAOBAHHUS IO KIOHATBHOMY
MUKpOpa3MHOXKEHHI0. B kadecTBe O0OBEKTOB /Jisi OMOTEXHOJIOTHYECKUX JKCIEPHMEHTOB
HCIONB30BAINCh pasianuHble Buasl MaTel. Mentha piperita [5-8], M. viridis [9],
M. canadensis [10] u gpyrue. B yacTHOCTH, MPOBOAVINCH PaOOTHI 110 M3YUEHHUIO BIIUSHHS
THINA JKCIUIAHTAa M TMHTATEIBHOW Cpemsl Ha MHKpopasMHOXKeHue in vitro [7, 9, 11].
Nwmerotcs gannable 0 pa3paboTKe METOMUKH KIOHAJIBHOT'O PA3MHOMKEHHS U HEKOTOPBIX
spupoMaciniyHbix copToB  MATH  (Cumdepornonbekas 200, 3arpaBa, YkpawHCKas
nepeunasi, JIByxykocHas u Ilpmmykckas 6) [12]. M3BecTHO, YTO TEHOTHIT OKa3bIBaET
Oompiroe BiIMAHHE Ha O(O(PEKTHBHOCTE MOP(POreHETHYECKUX IIPOLECCOB iN Vitro.
HccnenoBannii 1o M3y4EHHWIO PA3MYHBIX AaCIEKTOB MHUKPOPAa3MHOXKEHHUS IS HOBBIX
3(upomMacINIHBIX COPTOB paHEe HE MPOBOAMIIOCEH. [loaTOMY Ienbio Harie padboTs! ObLTa
ONTUMHU3AIMSA  COCTaBa TMTATENbHOW Cpemsl Ui 2-TO  dTama  KIOHAJIBHOTO
MHUKpPOPa3MHOKEHHsT N VItr0 aJIsi HOBBIX MEPCHEKTUBHBIX COPTOB MSATHI AJKypHas |
Bbepramornas.

MATEPHAJIBI U METO/bI

Marepuanom 11l HCCIeOBAaHHS CITY)KIA TKAaHH U OPTaHbl MATBI COPTOB AXKypHast U
Bepramornas. Copt AxypHasi — BBICOKOMEHTONBHBIN copT (67,1-68,5 % Menrona B
3pUpPHOM Maciie), MOJAyYeH MyTeM CBOOOAHOIrO IepeonbuieHus monumionaa Mentha
canadensis L. ¢ KoJUIeKIMOHHBIMH 0Opa3laMy AUKOPACTYIIMX BHIOB. HeMeHTONbHBII
copt bepramorHast (OCHOBHBIE KOMITOHEHTHI 3()MPHOr0 Macia — JMHAJIOON W JIMHAJII-
arerar) mojydeH myTeM TpexBuaoBoi rubpumusanuu (M. citrata Ehrh. x M. longifolia L.)
x M. spicata L. [13]. JloHOpHBIC pacTeHUs BHIPAIIMBAIN B YCIOBHUIX 3aKPBITOrO TPYHTA.
[MoaroToBKy MartepuajoB W OOOPYAOBAaHUS Ul PaOOTHI B ACENTHYECKUX YCIIOBHSX,
MUTATENBHBIX CPEI M aHAJIHM3 POCTOBBIX MPOIECCOB MPOBOIMIIN COTIACHO M3JIOKEHHBIM B
nuTepaType pexkomeHmanusMm [14, 15]. DkcrmadThl KyJbTHBHUPOBAIM Ha Pa3MYHBIX
Mogudukanuax nutarensHol cpensl Mypacure u Ckyra (MC) [16] ¢ nobaBnennem BAII,
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NVYK, 3eatuna, kuneruna (kuH), Tuanazypona (T3), ru6bepennoBoii kuciotel (I'K3) n
1-3 % caxapo3sl (cax.).

B kymeTypy In VIitr0o BBOAMJIM MEPHUCTEMBI C JBYMS JIMCTOBBIMH TPHMOPIUSIMH
(0,5-0,7 ™M), BBICNEHHBIC M3 TMa3yHNIHBIX MMOYeK pacreHwit. Ha 2-om atame
MHUKPOPa3MHOXCHHUSI B KAUECTBE DKCIJIAHTOB HCIIONB30BAIM CETMEHTBI CTEOJSI C OJHUM
y37I0M, BBIWICHEHHBIE W3 I0O0EroB, pa3BUBLIMXCS M3 MepUCTeM. MHUKpoYepeHKH
KyJIbTUBHPOBaJU B Mpodupkax (¢ 10 My nuTaTenbHOM cpepl) B KyIbTYPaJIbHOW KOMHATE
ipu +26 °C, BnaxxHoctu 70 % u ocBelieHHOCTH 2—3 KIIK ¢ 16-4acoBBIM (hOTOMEPHOIOM.

B mpomecce KyJIbTUBUPOBaHHS ONPEACISIN Pa3MuHble MOP(POOHOIOTHIECKHE
MOKa3aTeNu: YHCIIO U JUIMHY MOOEroB, KOJIMYECTBO JUCTHEB (Y3JIOB) Ha TMOOEre, 4acToTy
pHU30reHe3a, a Takke oleHuBamu Mopdonoruio moderoB. KoddduuueHT pasMHOKEHUS
(K. P.) paccuntpiBainy Kak KOJIWYECTBO MHUKPOUYEPEHKOB, KOTOPOE MOXHO IMOMYyYUTH 32
OJIHO CYOKYIBTHBHPOBaHUE, JJISI OTOrO CpeHee KOTUYECTBO OOpa3oBaBIIMXCS MOOEroB
YMHOXAaJId Ha CpelHee 4YHCTO Y3JI0B Ha mobere. MHKpoYepeHKOBaHUE 100EroB
ocymecTBisid kaxaple 40—45 nueli. Bce skcmepuMeHTH BOCIPOU3BEICHBI HE MEHEE
IByX pa3. JlanHble 0OpabOTaHBl CTATUCTHYECKH, COMVIACHO OOMICHPUHSATHIM METOJaM
CTaTUCTUYECKOW 00pabOTKM C HCIojibp30BaHMeM Tmakera mporpamm Microsoft Office
[Excel 20071].

PE3YJIBTATBI U OGCY)XXIEHUE

[Iporecc KIIOHATBLHOTO MHKPOPA3MHOXEHHUSI COCTOUT W3 HECKOJNBKHX O3TaroB:
BBEJICHUE B aCCNTHYECKYIO KYJIbTYPY, COOCTBEHHO MHUKPOPa3MHOXEHHE, YKOpEHEHHE IN
Vitro, amanranus k ycmoBusM in vivo [17]. TIpu BBemeHuu B KyJIbpTypy in Vitro Mepucrem
MATBl y W3YyYEHHBIX copToB HaOmromamu 100 % mnprxkrBaeMocTh SKCIIaHTOB. Jlis
KyJIbTUBAPOBAHUS HWCIIONB30BATN TMHTATEIbHYIO cpeny MC482 c¢ mobasnennem BAII
(1,0mr/m) mw WUYK (0,5 w™r/m), KOTOPYHO BBINEIWIN HAa OCHOBAHMH HAIIKX
npenBapuTeIbHEIX uccaenoBanmii [18]. [locme Hegenn KyabTUBHPOBAHUS HA dTOW cpene
OTMEUEHO pa3BUTHE U3 MeprucTeM 1-3 moberos. B mampHeimeM mist 2 3Tana (COOCTBEHHO
MUKPOPA3MOXKEHHUS) B KAUeCTBE IKCIIAHTOB UCIIONB30BAN CETMEHTHI cTeONs ¢ 1 y3imoMm,
KOTOpbIC MOTYYaTH MIPU MHKPOYEPEHKOBAHUN OCHOBHOTO M IOTIOJIHUTEIBHBIX OOEroB iNn
vitro.

C 1menplo COBEPIICHCTBOBAHMSI METOJMKH MHKPOPA3MHOXKEHHSI M ONTHMH3AIUH
COCTaBa MHUTATENBHOM cpeapl OBUIO HW3YYCHO BIMSHHE Pa3IMYHBIX MOJM(pHUKAIII
nuTaTenbHol cpeabl Mypacure u Ckyra Ha pa3BUTHE MEPUCTEMHBIX KYIbTYP COpPTOB
MATBI AKypHasi u bepramotHas Ha 2-M 3Ttane pa3MHOKeHHs in Vitro. Ilpu stom ObuH
ucneiTanbl 14 Mopudukammii cpeq MC ¢ pa3nuaHbIM CoJepKaHUEeM PETyIsITOPOB pocTa
(BAII, WYK, T3, TIKs, xunermHa, 3eatuHa), caxapo3sl (1-3 %), wmakpo- u
MUKPO3JIEMEHTOB, HHO3MTA.

Jlns  BTOpOro 9Tama KIOHAIBHOTO MHKPOPa3MHOXKEHHS COPTOB AJKypHas U
BepramoTHas ObLTO XapaKTepHO aKTUBHOE Pa3BUTHE OCHOBHOTO M aJBEHTHBHBIX MOOETOB
(1,5-3,8 mir. Ha skcrutanT) amHON ot 28,9 mo 81,3 MMm. Takke Ha HEKOTOPBIX Cpelax
pasBuBanuch KopHU (puc. 1.). M3peaka Habmomanu o0pa3oBaHre HEOONBIIONO KaTyca y
OCHOBaHHWSl MHUKPOINOOEra, CHIDKCHHE Typropa M TMOSBICHUE AHTOIMAHOBOW OKPAaCKH
TOOEroB.
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Puc. 1. PazBurne MepuCTEMHBIX KyIbTYyp MATHI copTa AJKypHas Ha 2-M 3Tamne
MHUKPOPa3MHO)KEHHS Ha PA3IMYHBIX MOAMGUKAIMAX TmUTaTtenbHOH cpensl MC
(A —MC482, b - MCB, B —MC542)

[Tpn momemennn MUKpodepeHKOB Ha Moan¢ukanuu cpensl MC Obuta ycTaHOBIEHA
pasnmuYHas peakius HM3y4eHHBIX copToB. Ha Oe3ropmoHanbHOW cpere y ‘AXKypHOIL
OTMEUEHBI caMmble IMHHBIE To0eru (75,6 MM) W, COOTBETCTBEHHO, HAMOOJNbBIICE
KOIM4ecTBO y370B (Tabum. 1). OnHako ko3 PUIMEHT pa3MHOXKEHHS Ha 3TOU cpene (puc. 2)
ObII HE OYeHb BBICOKMM, TaK KaK pPa3BHBAJIOCH HEOONbIIOE dYMCIO 1oberos. Y
‘bepramoTHOI’ Ha OE3rOPMOHANLHON Cpefie KOJIMYECTBO MOOETOB TAKXKE OBLIO HH3KHM,
HO To0erH ObUTM JUTMHHBIMU (61,3 MM) C OONBIIMM YHUCIOM Y3JI0B. B cBs3u c 3THM
ko3 umeHT pa3MHOXKEHUs Tawke Obl1 MUHHMaIbHBIM (5,2). IIpornBomonoxHbIE
JaHHbIC IONYYWIN HPAHCKUE Yy4YeHble, KOTOpbIE NPEAJararT HCIOIb30BaTh HMMEHHO
OC3rOpMOHANIBHYIO Cpeny Uil MHKPOPa3MHOXKEHHSI B CBSI3M C MaKCHUMaJbHBIMU
MOp(hOITOTHIECKIMH TTOKa3aTesiMe (IyTnHa modera 32 MM, 9UCIio y3i1oB § mT./mober) [7].

MBI Takke UCHBITATM PEKOMEHIOBAHHYIO Ul Pa3MHOXKEHHMS HEKOTOPBIX
3(UPOMACINYHBIX COPTOB MATHI mUTaTenbHyto cpeny ¢ BAII (1,0 mr/m), UYK (0,5 mr/n),
kuaeTuHOM (0,1 Mr/m) u 3 % caxapossl (MCB) [12]. OnHako KyJIbTHBUPOBAaHUE HA ITOM
cpene He CcrocoOCTBOBANIO MOBBIIEHHIO KOX(QGHUIMEHTAa pa3sMHOXKEHHMs sl copTa
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AxypHasi, a, Ha000pOT, TMPHBEIO K €ro JTOCTOBEPHOMY CHIXECHHUIO IO CPaBHEHHUIO C
MCOo/r. B 10 e Bpems y copra bepramorHass HabI0Jan0Ch 1OCTOBEPHOE YBEIUYEHUE
K.P. 1 ocTanpHBIX MOpOMETpHUYECKHX MOKa3aTenel (tadi. 1,2, puc. 2).

Taoaunna 1
Bausinue coctaBa MATATEJLHOMH CpeAbl HA KOJINYECTBO U JUIMHY MHKPONIO0EroB
Ha 2-0M 3Tane MUKPOPA3MHOKEHHS COPTOB MSATHI

Ne Komn-Bo moberos, JlnuHa mobera,
JloGaBKH B COCTaBE
UTaTen . IIT./9KCIUIAHT MM
LHOf NHUTATETLHOMN
cpesbl cpeasl MC (mr/m) | ‘Axypuas’ | ‘Bepramotnas’ | ‘AxypHas’ | ‘Bepramorhas’
MC6/r cax.2 % 1,6+0,1 1,54+0,1 75,615,3 61,3+6,2
BAII (1,0) + UYK
MCB (0,5) + xumu (0,1), 2,4+0,2 2,3+0,2 45,7+4,7 63,415,9
cax. 3 %
BAII (1,0) + VK
MC(C482 (0.5). cax. 2 % 1,940,1 2,0+0,1 49,6£3,1 57,8+3,5
MC4g2a | PAILALOTHVK 3 4,04 2,6£0,3 28,0+2,6 42,143

(0,5), cax. 1 %

BAII (1,0) + YK
MC4826 (0,5), cax. 2 %, 2,6%0,5 2,2+0,2 49452 63,915,2
uHo3uT (50,0)

BATI (1,0) + I'Ks

meas | B 2.0£0.1 3,8+0.3 52,4450 30,6+2.8
kuH (1,0) + UYK
Mes40 |0 E 3,3+0,5 1,8+0.1 55,0+4.9 67.126,7
TI3 (1.0) + LYK
MCs4l | o 3,2+0.4 22401 46,5432 64.6+4.4
3eatuH (1,0) + YK
Mesaz | e 32405 25402 54,5448 66,3%5,5
T3 (0.1) + YK
MCs43 | L e 2.7+0.2 1,6+0,0 50,0+3.8 81,3445
T3 (0.5) + VK
MC3 05 o 2% 2.3+0.2 1,5¢0.1 51,545 1 71.847.0
MC4 | TI3 (0.5), cax2% | 2,4+0,2 23402 44,5450 50,5457
Vi MC + T3 (0.5)
MC5 | +UVYK(05), cax | 2,5+0,3 1,740,2 34,0445 62,6276
2%
TI3 (0.5) + TKs
MC6 o 2.8+0.2 21402 57,0443 71,6251
My | TA3O) UK 56,55 1,8+0.1 43844 1 55,9+6.0

(0,5), cax 1 %
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Puc. 2. BnustHue coctaBa nmuTatensHON cpebl Ha KOIDOUITMEHT Pa3MHOXKEHHUS IBYX
COPTOB MSATHl Ha 2-OM OJTale KJIOHAIBHOrO MHKpOpa3sMHOKeHus in Vitro. Cocras
MMATATENBHBIX CPEI CM. B TaOI. 1.

Ha cpene MC482 (panee uCIOIB30BaHHOM HAMH 711 MUKPOPa3MHOKEHHUST HEKOTOPBIX
COPTOB MsATHI) y copTa AsKypHas HaOJIoJai pOCT KonudecTBa mobero (mo 1,9
IIT./9KCIJIAHT), OJHAKO CHIKCHHWE MX JUIMHBI M YKCJIa Y3JI0B. DTO HE MOBJIMSIO Ha
KO3 (h(HUTTMEHT pa3MHOKEHHS 110 CPAaBHEHUIO C 0€3ropMOHAIBHOM cpenoi. Y ‘bepramorHoit’
JUTHHA TT00ETOB M KOJIMYECTBO Y3JI0B OKa3aInCh BRICOKUMH, 1 K. P. ObIT J0CTOBEpHO BhIIIE
(8,4), uem Ha cpeae MCO/T (5,2). JloGaBiieHue B cpeny rubdoepeioBoit kuciaotel (MC487)
BMmecto YK BBI3BajO pocT umciaa moOeroe: y ‘bepraMoTHOM™ 3TOT IOKas3aTelb IOCTHT
MaKCHUMaJIbHOTO 3HaveHus (3,8). 10 crmocoOCTBOBAIO AOCTOBepHOMY yBemmueHuio K. P. y
JIAHHOT'O copTa 1o cpaBHeHuto ¢ MCO/r, ognako K. P. ObL1 mpuMepHO Ha OJHOM YPOBHE CO
cpefaMu, MCIONBb3YeMbIMU sl APYTUX dupoMacimaHbix coptoB MaTel (MCh, MC482).
[Ipu sTOoM y ‘AXypHOIi’ BBISIBIIEHA TeHAEHIMS K cHIbKeHnto K. P. n ocTampHBIX mapamMeTpoB
[0 CpaBHEHWH C ATHMH cpemamu. [lokasaHo, 4TO y 00OMX COPTOB Ha JAaHHOH cpere
OTCYTCTBOBaJIa CIIOCOOHOCTD K pu3oreHesy (tad. 2).

Jobapnenne B mHUTaTeNnbHYIO cpeny kuHetmHa BmecTo BAIT (MC540-MC482)
CHOCOOCTBOBANIO YBEIMYEHHIO KOJIMYECTBA MOOETOB y copTa AKypHas, 4TO OOECIedniio
makcuMainsHBI K. P. — 12,6. ¥V copra bepramorHasi Takoe m3MEHEHHE COCTaBa CPEIbl
JIOCTOBEPHO HE MOBJMSIIO Ha U3YYEHHbIE MTOKa3zarenu. Takxke Ha cpene MC540 BolsiBiieHa
BBICOKAsl 4aCTOTa PU30reHe3a y 000MX COpPTOB, KoTopas nocturia 93,3 % (cM. tadun. 2).

Job6aenenne B muratensHyo0 cpeny 3eatuHa (1,0 mr/m) Bmecro BAII (MC542-
MC482) cmocobcTBOBaIO 3HAYUTEIHHOMY YBEIUUYEHHIO KOJMHMYECTBA TMOOEroB U
nocrosepHoMy moBbitieHnto K. P. y o6oux coprtoB. [lpu atom y ‘bepramorHoii’ Ha cpene
MC542 6pi1 MakcumanbHbl K. P. (9,8). YactoTa kopHeoOpa3zoBaHHS Ha ITOH cCpere
coctasuia or 80 mo 100 %. (tabm. 2.). C uenpl0 yOpOLIEHHS COCTaBa cpedpl Oblia
MIPOAHATM3UPOBAHA BO3MOXKHOCTh CHWDKEHHS COJIEpXKaHHs YIIIEBOJOB B TMHTATEIHFHOU
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cpene MC482. VYcraHOBIEHO, YTO yMEHbBIIEHHWE KOHIEHTpalUuu caxapo3sl a0 1 %
(MC482a — MC482) cnocoOCTBOBAJIO YBETMUYEHHIO KOJIMYECTBA MOOErOB, OJHAKO
CHIDKCHHUIO MX JUIMHBI W uncia y3noB. [lostomy K. P. mocroBepHo He mamenwmica. [Ipu
3TOM y O0OOMX COPTOB HAOMIOAAiHM YBSJaHWE W CHIKEHHE Typropa MHOTHX IOOEroB.
YMeHbIlIeHHE BJIBOS KOHIICHTPAIMM MHO3UTa B nuTaTelabHoU cpeae (MC48206 — MC482)
MPHUBENO K IOBBIIICHUIO KOJIMYECTBa IMOOEroB y oboux coprToB. JlnnHa moberop u
KOJTMYECTBO Y3JIOB HA HUX JIOCTOBEPHO HE M3MEHHIUCH. KoauuueHT pazMHOKEHHS
TaKXe JJOCTOBEPHO HE M3MEHUIICS, XOTS Yy copTa AKypHasi HabJoAanach TeHACHIIHS K €ro
YBEINYEHHUIO.

Taoauna 2
Bausinue coctaBa MUTATEJLHON CpeAbl HA YHCJIO Y3JIOB HA M00ere H 4acToTy
KOpPHEOoOpa3oBaHUs HA BTOPOM 3Tanie MUKPOPa3MHOKEHHS IBYX COPTOB MSIThI

Konuuectso y310B,
Ne . IT./TI00er YacroTa kopHEeoOpa3oBaHus, %
MUTATEILHOU
cpensr*
‘AxypHas’ ‘bepramorHas’ ‘AxypHas’ ‘bepramornas’
MCo/r 4,4+0,3 3,3+0,3 100,0 100,0
MCBb 2,6+0,2 4,0+0,4 35,0+3,1 10,040,9
MC482 3,6+0,2 4,0+0,2 37,9+3,3 42,1+3,8
MC482a 2,3+0,2 2,9+0,3 15,8+1,8 15,0+1,2
MC4826 3,4+0,3 3,7+0,4 16,7+1,4 31,6+2,9
MC487 3,6+£0,3 2,3+0,1 0,0 0,0
MC540 3,8+0,3 45+0,4 93,3+8,8 93,3+9,1
MC541 3,0+0,1 4,0+0,2 20,5+2,2 28,5+2,0
MC542 3,3+0,3 3,8+0,3 80,0+7,7 100,0
MC543 3,9+0,2 4,610,2 79,4+6,5 91,6+9,1
MC3 3,0+0,2 4,1+0,3 36,8+3,4 80,0+7,5
MC4 2,6%0,2 3,1+0,2 31,5+2,9 45,0+4,3
MC5 2,5+0,2 3,9+0,4 70,0+6,9 73,6+7,2
MC6 3,0+0,1 3,9+0,2 5,5+0,9 0,0
MC7 2,8+0,1 3,3+0,2 20,0+1,5 40,0+3,6

* cOCTaB IMUTATEIIBHBIX cpea CM. Tabm.1.
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B nocnennee BpeMs pu ONTHUMHU3ALMH MUTATENBHBIX CPEA A WHAYKIHMU Mpoiecca
MopdoreHeza y MHOTHX BHJOB PacTCHUH HMCHONB3YIOT BBHICOKOAKTUBHBIA IHUTOKWHUH —
TuAnazypoH [19]. Mel Taxke HCIBITAIM €ro BIMSHHWE Ha Pa3BUTHE SKCIUIAHTOB MSTHI.
CpaBHeHI/Ie I[eﬁCTBPIﬂ Pa3HbIX MUTOKMHHWHOB (BBG[ICHHLIX B INHUTATCIbHBIC CPCIbI
coBmectHO ¢ MYK) npu ux onuHakoBoii koHueHTpanmu (cpeast MC482, MC540, MC541,
MC542) ne BisiBIIIO cyliecTBeHHOro npenmyinecrsa T/I3. Tak, konudecTBo moOeros y
copta AxxypHas Ha Bcex cpenax ¢ T3 (MC541, MC543, MC3, MC4, MC5, MC6, MC7)
ObuTo BhINIe, yeM Ha MC482, OHAKO YHUCIIO Y3JIOB JIOCTOBEPHO HE OTIMYAIOCh. Y
‘bepramornoii’ T3 Takke [OCTOBEPHO HE TOBIMI Ha KOJMYECTBO MOOETOB.
KoadduimenT pasMHOKEHUs 1O cpaBHeHHMIO co cpeioii MC482 y ‘bepramorHOit’
yBenuuwiIcs Tolbko Ha cpene MC541 (1,0 mr/n TH3), omnako moberm Obud C
MOHIKEHHBIM TypropoM. CHIXEHHUE KOHIIEHTpanuu tiuauasypona jmo 0,1 mr/n (MC543—
MC482) mpuseno y ‘AxypHoii’ k nocroBepHoMy pocty K. P. mo 10,7. Taxxke Obuin
YCTaHOBJICHBI BBICOKAsl YacToTa pusoreneza 79,4-91,6 % u xopolee pa3BUTHE KOPHEBOH
cUcTeMbl y 00oux coptoB. JlobasiieHue B cpeny Tonbko TJ13 (MC 4 — MC482) npuBeno k
camwkennto K. P. y coproB. B pabore WHAMHCKUX YYEHBIX Ha aHAJOTMYHOW Cpene
BBISIBUJIM OTCYTCTBHE pa3BUTHs moleroB [5]. CHIKeHHWE KOHIIGHTpAaIlM MakKpo- U
MUKpO3JieMeHTOB mpHu BBeneHun B cpeay 0,5 mr/n TA3 (MC5-MC482) He Tonbko
nocroBepHo cHu3mwio K. P., HO W mpuBeNO K MOABIEHHWIO y ‘AXKYpPHOH eIWHUYIHBIX
CllydaeB BUTPHU(HKAINH, KaLTycoOOpa3oBaHUs W Caboro pasBuTusi 1odOeroB. Y
BepramotHo#t Takoi peakiuu He HaOoganu. Mcmnons3oBaHue ruO0EpeiioBON KHCIOTBI
Bmecte ¢ T3 (MC6-MC482) Bei3Bano yBenmdenue K. P. y copToB, HO M WHIYKIIHIO
kautyca y ‘Askyproit’ (11,1 %), a Tarxke mHOsBICHHE CIIA0bIX MMOOErOB U OTCYTCTBHE
pu3orenesa y ‘bepramorHOit’.

IIpu cHmwKeHUM KOHIIeHTpamuu caxapo3sl 10 1 % u 3amene BAII Ha TuamazypoH B
koHteHTpamuu 0,5 mr/n  (MC7 — MC482) xoahpHLMeHT pasMHOKEHHUS Y ‘AXKYpHOI’
JOCTOBEPHO yBEMUUHIICS 10 8,5, a y copTa bepramMorHast ObI1 JOCTOBEPHO HIMKE KOHTPOIIS
(5,9). Taxoke ObLIO OTMEUEHO YTHETEHUE PAa3BUTHS JHCTHEB Y 000MX COPTOB.

Takum o00pa3oM, B XOAC¢ HCCICIOBAaHUA TPH HCHBITAHUH 14 MomuduKammi
mutatenbHol cpeasl MC OBLIO BBISBIICHO PAa3IMYHOE BIUSHHUE OQHON M TOM JK€ cpeipl Ha
KOO(PUIIMEHT Pa3MHOKEHHUSI y U3YYEHHBIX COPTOB. Tak, /st copra AXypHas Ha 2-OM
arare pasMHOKeHHsT cpema MC540 Opmia onTMMaidbHOM, TaK KakK oOecreunBaia
MaKCUMaJbHBIN K03 dummeHT pazmaoxkenus (12,6). Ho mis copra bepramorras mydmeit
cpenoii okazamace MC542 (K.P. 9,8). Oxnako mpu Oonpmmx obbemax paboThl ymoOHO
WCIIONb30BaTh YHHUBEPCAIBHYIO TMHUTATENBHYIO Cpemy sl PasMHOXKEHUS HECKOIbKUX
coproB. Takoil cpemoi, mo-BuaumMomMy, siBistercst MC542, conepxammas 3eatna u UYK. Y
‘bepramMoTHOIf’, Kak OBLIO yKa3aHO BBIIIE, HA 3TOW cpene OblT MakcuMmanbHBIA K. P., a'y
‘AXYpHOI’ OTMEUYEHO HEJOCTOBEPHOE CHUKEHUE HTOr0 IOKa3aTels MO CPABHEHUIO C
MC540. YcranoBieHo, uro Ha cpeae MC540 y obonx copTOB HaOIIOANOCh aKTHBHOE
KopHeoOpa3oBaHme. Takoil moka3aTenb, Kak 4acToTa pU30reHe3a, He SBIAETCSI OCHOBHBIM
Ha 2-0M 3Tane MUKpopa3sMHOKeHUs. OAHaKo oNpeAesieHne NUTaTeIbHOM cpenbl, KOTopas
o0ecrieynBaeT OMHOBPEMEHHO MakcuMaibHBIN K. P. 1 BBICOKYIO HacToTy (hopMHUpOBaHUS
KOpHEH, MO3BOJMT HCKIIOYUTh OJTall yKOPEHEHHs IN VItr0 W cpa3y MepeHOCUTh
YKOpPEHEHHBIE pacTeHNs Ha aganTanuro. C 3Tol TOYKM 3peHns nuraTensHas cpena MC542
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¢ nobasnenuem 1,0 mr/im 3eatuna u 0,5 mr/n UVK sBasercs Hanbomaee mOAXOASIIECH ISt
M3YYCHHBIX COPTOB, TaK KaK €¢ UCIOJIBb30BaHKUE HE TOJIbKO oOecneunBaer Beicokuii K. P.,
HO ¥ MOXET YCKOPUTh U YJCHIEBUTh MIPOIECC MHUKPOPA3MHOXKCHHUS 3a CYET
OJTHOBPEMEHHOM CTHUMYJISIIIMH Pa3BUTHUS MTOOETOB U KOPHEH.

3AKIIOYEHUE

UzyueHo BnusiHEE COCTaBa MUTATEIBHOM Cpelbl HA MOPPOMETPUUECKHE TTOKa3aTeln
9KCIIAHTOB HA 2-OM dTare MUKPOPa3MHOXKEHHUsSI COPTOB MATHI AxypHas u bepramorHasi.
Ilpu wucneitanuu 14 BapuaHTOB mnuTatedbHOM cpeabl MC  BBIIBICHBI pa3iHyuHbIC
MoOpQoreHeTnyeckue peakiu y H3y4eHHBIX cOpToB. Hambomnbimee umcino moberop Ha
3KCIUIAHT y copTa AskypHas (3,4 1mT.) Obuto Ha cpeae MC ¢ mobasienuem 1,0 mr/m BATI,
0,5 mr/n YK u 1 % caxapo3sl, Torna kak y ‘bepramornoii’ (3,8 mrt.) — Ha cpene MC ¢
nobasienuem 1,0 mr/nm BAII, 0,5 mr/n 'Kz u 2 % caxapo3sl. J[auHa 1mo0EroB u 4uciio
y3II0B Ha HHUX Yy ‘AJKypHO#’ OBUIM MaKCHMMaJbHBIMH Ha Oe3ropMOHANBHOW cpere, a y
‘bepramotroii’ — Ha cpeze ¢ 0,1 mr/n T3, 0,5 mr/n UYK u 2 % caxapo3ssl. Koadduiuent
Pa3MHOXXEHHS MPH 3TOM JOCTUTaJl MaKCHUMaJbHOro 3HaueHus y ‘AxxypHoi’ (12,6) Ha
cpene ¢ 1,0 mr/n xunernna, 0,5 mr/mn UYK u 2 % caxapossl, a v ‘Bepramornoii’ (9,8) —
npu J00aBIeHUH B UTaTeNnbHy0 cpeny 1,0 mr/i 3earnna, 0,5 mr/mn UVK u 2 % caxapossbl.
Ha »sto#t cpeme naGmomamu pusorene3 ¢ yactorod or 80 mo 100 %, dro mo3Bomsier
MCKITIOUUTh 3Tall yKOpEHEHHs IN Vitro y m3ydeHHbIX coproB. I[luTaTenbHas cpena c
nobasienneM 1,0 mr/nm 3eatmna u 0,5 mr/n UYK, mo-suaumomy, siisercss Haubosiee
YHHBEPCAIBHOW JUISi U3yYEHHBIX COPTOB, TaK KaK 00ecledYnBaeT BBHICOKUH KOA(PPUIIMEHT
Pa3sMHOXEHHS U OTHOBPEMEHHO CTUMYIIHPYET pa3BUTHE KOPHEH.
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OPTIMIZATION OF THE NUTRIENT MEDIUM COMPOSITION FOR THE
CLONAL MICROPROPAGATION IN VITRO MINT CULTIVARS AZHURNAYA
AND BERGAMOTNAYA

Zagorskaya M. S., Yegorova N. A.

Federal State Budget Scientific Institution «Research Institute of Agriculture of Crimea»,
Simferopol, Russia
E-mail: zagorskayamargo@gmail.com

Mentha (also known as mint) is medicinal, essential oil and spicy aromatic plant in
the family Lamiaceae widely distributed worldwide. To increase the efficiency of
breeding process and seed production of this valuable crop, it is necessary to develop
biotechnological methods of reproduction and sanitation. During a relatively short period
of time when plant biotechnology was formed as an independent branch of science, results
having great fundamental and applied importance were achieved. Clonal
micropropagation and plant health improvement are best developed technologies
nowadays. The increasing demand for high quality mint essential oil makes it necessary to
develop effective biotechnological methods for clonal micropropagation of promising
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varieties. Scientific work on creation mint cultivars with various component compositions
of essential oil has been carried out in Federal State Budget Scientific Institution
“Research Institute of Agriculture of Crimea” for many years. Highly menthol mint
cultivar Azhurnaya and non-menthol cultivar Bergamotnaya are recently received and
introduced into the State Register of Breeding Achievements of the Russian Federation.
For these cultivars, it is promising to develop clonal micropropagation techniques in vitro
for the purpose of accelerated reproduction and production of quality planting material, as
well as in vitro preservation.

The aim of our research was to study the influence of nutrient medium composition
on the morphometric parameters of explants at the 2™ stage of clonal micropropagation of
cultivars Azhurnaya and Bergamotnaya. Fourteen modifications of MS medium with
different content of growth regulators (BAP, IAA, GAs, kinetin, TDZ, zeatin) and sucrose
(1-3 %) were tested. The studies revealed that composition of nutrient medium and
genotype had influence on the studied parameters of explants development (segments of
the stem with one node). The greatest number of shoots per explant for Azhurnaya variety
(3.4 pcs.) was on MS medium supplemented with BAP (1.0 mg/l), 1AA (0.5 mg/l) and
1 % sucrose, while for Bergamotnaya (3.8 pcs.) — on MS medium supplemented with BAP
(1.0 mg/l), GA3 (0.5 mg/l) and 2 % sucrose. Length of shoots and number of nodes on
them for Azhurnaya were maximum using hormone-free medium, while for
Bergamotnaya — using medium with TDZ (0.1 mg/l), IAA (0.5 mg/l) and 2 % sucrose.
Micropropagation by cutting main and adventitious shoots was used for multiplication in
vitro at the 2" stage. The multiplication index in this case reached the maximum value for
Azhurnaya (12.6) on medium with 1.0 mg/I of kinetin, 0.5 mg/l of IAA and 2 % sucrose,
and for Bergamotnaya (9.8) — by adding 1.0 mg/l of zeatin, 0.5 mg/l of 1AA, and 2 %
sucrose to culture medium. Rhizogenesis with a frequency of 80 to 100 % was observed
on these media. This fact allows to exclude the phase of rooting in vitro in studied mint
cultivars.

Keywords: Mentha spp., in vitro, clonal micropropagation, nutrient medium, plant
growth regulators.
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BJIIMAHUE N3OJIMPOBAHHbLIX PACTBOPOB BUAIPbl U COJIOOKU
N X MONEKYJNAPHOIO KOMMJIEKCA HA 3JIEKTPUYECKYIO
AKTUBHOCTb HEMPOHOB MOJITFOCKA HELIX ALBESCENS

Konomunoea O. H., Yepemaes H. B., Kopenwk U. U.

Taspuueckan akademusn (cmpykmypnoe noopazdenenue) @PIrA0Y BO «Kpvimckuii ghedepanvhoiii
yHugepcumem umenu B. H. Bepnaockozo», Cumepepononw, Pecnyonuxa Kpovim, Poccus
E-mail: oxy1978@mail.ru

C HOMOIIBI0 BHYTPHKIETOUHOrO OTBEJCHHS HCCIIEIOBAHO BIMSHHE H30JMPOBAHHBIX PACTBOPOB BHAIPHI U
CONOJIKH M HX COBMECTHOTO MOJIEKYJISPHOTO KOMIUIEKca B KoHIeHTpamuu 10°M Ha snekTpudeckyio
AKTUBHOCTh HEMACHTH()UIMPOBAHHBIX HEHPOHOB BHCLEPaNbHOro raHrius Momtocka Helix albescens Rossm.
ITpoaeMOHCTpUPOBaHEl OTYETIIMBEIE HeHpoTponHble 3¢ dekTsl. CrenaH BEIBOJ, YTO TECTHPYeMble BEILECTBA B
3aBHCUMOCTH OT CTPYKTYPBI MOJEKYIBl M HCIONBb3YeMOil KOHIEHTPAlMd MOIYT KaK aKTHBHPOBAaThb, TaK H
yrHeTaTh (QyHKIMOHAIBHOE COCTOSIHME HEHPOHOB.

Kniouesvie cnoea: cononxa (ramuepusvHoBas KHUCIOTa), BUarpa (cungeHadu), MONEKyISpHBIH KOMILIEKC
(conozka u BHarpa), HeHpoTponHsle AP HEKTHI.

BBEJEHUE

Pe3koe CHMKEHME alalTAIlMOHHBIX BO3MOXHOCTEH M (DYHKIIMOHAIBHBIX PE3EPBOB —
pEaNbHOCTE  COBPEMEHHOTO COCTOSHMS OpraHM3Ma 4YeloBeka. B coBpeMeHHOM
CIIOPTUBHON NpaKTHKE NPH IOCTOSHHO BO3PACTAIONIMX O0BEMax M HHTEHCUBHOCTH
TPEHHPOBOYHBIX M COPEBHOBATEIBHBIX HArpy30K OCTPO CTOMT IpoOJieMa IOHCKA MSTKO
NCHCTBYIOIIMX  NPUPOJHBIX  aJalTOreHOB, CHOCOOHBIX  MOBBICHTH  (DH3HUYECKUE
BO3MOYKHOCTH OpTaHW3Ma W OOECIICUNTh aJCKBATHBIH YPOBEHb ICHXO3MOLMOHAIBHON
aKTHBHOCTH Onaromaps W3bICKaHHIO (DapMaKOIIOrMYECKUX IPENapaToB, MOBBIMIAOIINX
aJlanTallOHHBIC CBOWCTBA HEHPOHOB M (DYHKIIMOHAIBHOTO COCTOSHHS OpraHM3Ma B
nenoM. Ham mpencraBisiercs, 9To 3TO BO3MOXKHO C IMPUMEHEHHEM (hapMaKOJIOTHIECKUX
KOPPEKTOPOB, HAIIPUMEpP MPErapaToB COJNOAKH, BUATPHl U OCOOEHHO MX MOJEKYIISPHOTO
KOMIUIEKCA, TIOCKOJIBKY M3BECTHO, YTO 3TH HpernapaTsl MPU M30JUPOBAHHON HKCIIO3UINN
Ha HEWPOHBI B 3aBUCUMOCTH OT IPUMEHSIEMOI KOHIIEHTPAIIMHA UMEIOT aKTHBHPYIOIIHE HITH
yraeratomme HelporponHse 3¢ ekt [1-3]. Tak, Hanpumep, B OTHONIEHUH Ipenapara
CONOAKH (TIMIMPPU3MHOBAS KUCIOTA) W3BECTEH IMUPOKUI CHEKTp (hapMaKoIOrHdecKu
BaXHBIX JUISI OpPraHu3Ma denoBeKa 3(PQeKTOB (aHTHAIUIEPIHYECKHe, aHTHCENTHYECKHE,
PaHO3KUBIISIONINE, TOHU3UPYIOIIHE U Ap.) [4].

B wacTHOCTH, paHee HaMHU YCTaHOBJEHO, YTO PAaCTBOpP HHAWBHIYAIbHOrO LUTpATa
cmigeHaduia MPUBOAUT K BEIPAXKEHHBIM HeWpOTponmHbIM 3 dekram [2], a B BBICOKHUX
KOHIIGHTPAIMSAX MPOSBISIETCS ero HeHPOTOKCHYECKOe M Jaxke JeranbHoe neiicteue. [Ipu
CHCTEMHOM BBEJICHHM OH OKa3bIBaeT OJIarONMpPUATHOE JCHCTBHE Ha JSPEKTUIIBHYIO
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(GYHKIHIO 3a CUET CIIOCOOHOCTH CEIEKTUBHO MHIHOMPOBaTh (hocdoaudcrepasy 5-ro Tuna
[5]. Onnaxo B konnenTpauu 102 M 3TOT pacTBOp OKa3bIBAET TOKCHUECKOE HEOOPATUMOE
HellporpomnHoe neiictue [1].

lenp HacTOsAIIEro KUCCIENOBAaHUS 3aKJIIOYalach B OIPENEIEHUM HalpaBICHHOCTH U
BBIPOKEHHOCTH HEHpPOTPOMHBIX 3((EKTOB MpernapaToB CONOJKH, BHATPbl W UX
MOJIEKYJIIPHOIO KOMILIEKCA.

MATEPUAJIBI U METO/IbI

OddeKThl IKCIO3UIUU BHArphl B YUCTOM BHUJC UCCIICAOBAaHbI HA 21-0M; COJOIKM Ha
20-Tw, u MOJIEKYJISIPHOT O KOMILIEeKca (comoaka+Buarpa) Ha 20-tu
HenAeHTU(UIIMPOBAHHBIX HEHPOHAX BHCIEpaibHOro ranrius moitocka Helix albescens
Rossm. B koHmenTpamuu 10° M TpH HENOCPEICTBEHHOM KOHTAKTE TECTHPYEMBIX
PacTBOPOB C HAPYKHOM MMOBEPXHOCTHIO MEMOpPAaH HEPBHBIX KIIETOK.

OKCIIEpUMEHTHl  BBITIONHSIM 10 OOIIENPUHATOW METOJUKE BHYTPHUKIETOYHOTO
orBeneHus OuomnoreHiuanoB [6]. Ilpouenypa uccienoBaHUs aKTMBHOCTH KaXKJOTO
HelipoHa mpoBommiack 1o cxeme: (on — 1-1,5 MuH., IKCHO3MIMS BEIIECTBA B
kounentpamuu 102 M — 5-6 mMun. u 20 MMH. OTMEIBaHHS. IlapamMeTpsl MOTEHIIHANIOB
YCPEeMHSUIMCh 32 KaXKABIA Tepuoja 3amuch. [lomydeHHbIE JaHHbIE 00padaThiBald C
WCIIONIb30BaHNEM HEMapaMeTpU4ecKoro Kputepus Bunkokcona. [laHHbIe mpeacTaBiieHBI
KaK CpelHue 3Ha4eHNs + OmHMOKa CpeTHEro.

PE3YJIbTATBI U OBCYKIAEHUE

ITpy M30TMPOBAHHOM BO3JCHCTBHH BHATpPHI B KoHIeHTparmu 10 M (pucyHok 1A) Ha
(hoHe HE3HAUMTENHPHOW THIEPIONAPU3ALMN MEMOpAaHBl HEWPOHOB IEPBOHAYAIHHO
VBEIMYMBAIACh YacTOTa clienoBaHuWs moreHruanoB aedcrteus (I1J]), a Taxke
MIPOMCXOANIIO CYIIECTBEHHOE yMEHIIeHne aMIuiTynasl. [locine 4 MHHYTBI 3KCIO3WIINU
BHUArpbl MPOUCXOIUIO CHUYKEHUE 4acTOThl cienoBanus IIJ[. B memnoM, MOXHO cKazatsb,
4T0 (PYHKIHOHAIFHOE COCTOSHWE HEWPOHOB NPH HM30JIMPOBAHHOM BO3JEHCTBUH BHUATPHI
yxyamanock. B cpegnem mo rpymnme (N = 21) mpu BO3MEHCTBUM BHArphl B yKa3aHHOMN
KoHIeHTparwu amruutyna I1J[ Opima HIDke ncxomHoro ypoBHs Ha 16 % (pucyHok 2).
Ananmu3 mepBoi TPOM3BOAHOW (pUCYHOK 1A, 2) TO3BONHI BBISIBUTH, YTO CKOPOCTH
Pa3BUTHS CYMMAapHBIX BXOSIIMX M BBIXOMSAIINX TPAHCMEMOpPAHHBIX HOHHBIX TOKOB IIO
CpaBHEHUIO ¢ (DOHOBBIMH 3HAYCHUSIMH CHIDKAIUCH (B cpemaeM mo 78,7+10,1 u 73,6+£9,7 %
coorBercTBeHHO; p<0,05), TO ecTp HAOMIOJAIOCH yTHETEHHWE KaK HATPUEBBIX, TaK H
KaJINEBBIX MOHHBIX TOKOB MEMOPAHBI.

[IpM anmIMKauy M30JIMPOBAHHOIO PAacTBOPA CONOAKH B KoHIeHTpamuu 10° M
HEMOCPE/CTBEHHO Ha MeMOpaHy HEHpOHa MPOMCXOMIIO HECYIIECTBEHHOE CHIDKEHHE
ammumtyasl [1]I, a mpumepHo ¢ 4-if MUHYTHI 9KCIO3HUIIMH HAOIIOANOCh YpeXKeHHe
gactoTel cienoBanms I1J[, a Takke OTMEUEHO BO3pAacTaHHE BBIXOIAIINX CYMMAapHBIX
TpaHCMEMOpaHHBIX HOHHBIX TOKOB (pucyHOK 1b, 2), ogHako 5TM W3MEHEHHs He
JOCTUTAITN CTATUCTHYECKONW 3HAYMMOCTH.

Moneky/IspHBIi KOMIIEKC BHATPsl C CONOAKOH B KoHueHTparmmu 102 M 1o
CpaBHEHHIO ¢ (POHOM OCTOBEPHO yBeamuuBa dactory ciempoBanus I1]] (p<0,05, n = 20)
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Ha 38,8 % (pucynok 2B), ma 10,3 % yBenuuuBam CKOpPOCTh HapacTaHUs CyMMapHBIX
BBIXO/ISIIUX TPAaHCMEMOPaHHBIX HOHHBIX TOKOB (pucyHOK 1B, 2). Taxke 3TOT KOMILIEKC
nocroBepHo cHmwkan Ha 10,1 % 3HadeHMe MeMOpaHHOTO TOTEHIHMAada, TO €cTh
HaOJIroIanack ACNospu3alis MeMOpaHbl HEHPOHOB, YTO 00Jerdajio €¢ BO30yIUMOCTb.
CrnenoBaTelbHO, COBMECTHBI MOJEKYJSIPHBIH KOMILJIEKC BHArpa+conoaka oo0samain
AKTUBHPYIOIIUM HEHPOTPOTHBIM 3(h(HEKTOM.
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Puc. 1 Dddexter skcrmozunmu Buarpsl (A), conmomku (b) m mx xommuiekca (B) B

KOHIIEHTpaluu 103 M Ha IapamMeTpel DIIEKTPUYECKUX IIOTEHI[UAJIOB
HENIEHTU(UITIPOBAHHBIX HEHPOHOB BUCIEPATHHOTO TAHTIIHSI.
Ipumeyanue: 1 — ycpenuennsii 11]]; 2 — ero mepBasi mpou3BOAHAsA, BBEPXY HaJ HYIEBON JTHHHEH
rpaduka oHa OTpa’kaeT CKOPOCTh HAPACTAHMSI CYMMAapHBIX BXOMSIINX TPaHCMEMOpPaHHBIX HOHHBIX
TOKOB, @ BHH3Yy — BBIXOAAIINX TOKOB. DparMeHTHl yCpEeIHEHUs HEHpOrpaMMbl HOAYEPKHYTHI
TOPU3OHTANILHOW JIMHMEH (oxuHApHOW i (OHA W JBOMHONW — JUIs SKCHO3WIIMU BEILECTBA);
CTPENKON OTMEYEH MOMEHT alUINKAINU

Takum 00pa3zom, pe3ynbTaThl TeCTUpOBaHUS IPHEKTOB N30INPOBAHHBIX MPEMAPaTOB
BUAarppl M COJIOJKM, a TaKKe HX COBMECTHOTO MOJEKYJISIPHOTO KOMILIEKCa B
xoHmentpamui 10° M mokasanu MX BBIpaXKEHHBIE HEHpOTPOITHBIE CBOHCTBA (pHC. 2),
KOTOpBIE OTPaXKalOTCsi HA JWHAMUKE psia 3JIEKTPOPHU3UOIOTHUYECKUX MOKas3aTenen
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(byHKITMOHABHOTO COCTOSHUSL HEWpOHOB. IIpoTecTupoBaHHBIE HAMH COCTUHCHHUS
YCKOPSIFOT TPOLIECCHl  3JICKTPOrC€HHOTO TPAaHCIOPTAa WOHOB M B 3aBUCUMOCTH  OT
MOJICKYJIIPHOW CTPYKTYPBI BEIIECTBA aKTUBUPYIOT/UHTUOUPYIOT CYMMAapHBIE BXOMSIIUE U
BBIXOJIAIIME MOHHBIC TOKH, ydacTByrome B reHepanuu [1J[. Cumraem, 4TO B OCHOBE
3((EeKTOoB MPOTECTUPOBAHHBIX KOMILJICKCOB JISKUT CEIIEKTUBHOE BO30YKICHUE/ yTHETCHHE
Pa3HBIX TUIIOB PEILENTOPOB MEMOpPaHbBI, KOTOPhIE B CBOIO OYepeib MOIYIUPYIOT padoTy
COOTBETCTBYIOIIMX MOHHBIX KaHAJIOB.

MoXXHO TaKkKe TMpeanoyiaraTh, 4YTO B IEPCIECKTUBE OSTH BEIIECTBA BO3MOXHO
KCIIONB30BaTh JUIS MOAYJISIIIMM BO30YJIMMOCTH HEWPOHOB HE TOJBKO MOJUIFOCKOB, HO W
MJICKOITUTAIOIIMX, OHAKO 3TOT BOIIPOC HYXIAETCS B JAJbHEHIITNX UCCIICIOBAHUAX.

Ty *
140 @ 19p,8
1201 11h, 11E,B *
1 [78 ET-S‘ 1’1-?3 1043, 4
- op 104 o s g,
J- B * Ee) =
174, ' :
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40
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Puc. 2 Jlmarpamma mokasateneil (yHKIMOHAJIBHOTO COCTOSIHHSL HEHPOHOB

BHUCLEPAJILHOIO TAHIJVIMS YJIMTKA IPU JKCIIO3WLIMYU M30JIMPOBAHHBIX PACTBOPOB BUAIPHI U
COJIOZKH M MX MOJIEKYJIIPHOTO KOMIUIEKCA B KOHLIEHTPALUK 10°M.
Ipumeuanue: OTHOCHTENBHBIE TOKazatean (%): dacTtoTa TeHepanuu WUMIYIscoB — (1);
MPOMOIDKUTENIFHOCTh MOTEHIMANa JAeicTBus — (2); CKOPOCTh CyMMAapHBIX BXomsmmx (3) u
BBIXOMNMX (4) TpaHCMEeMOpaHHBIX HOHHBIX TOKOB; aMIUIUTyIa MOTeHnuanoB aeicteust — (5);
3HayeHns: MemOpanHoro morenimana — (6). 3a 100 % npuHAT (QOHOBBIA  ypOBEHB
COOTBETCTBYIOIINX ITOKa3aTeNei. 3Be3M0YKOM OOO3HAYEHBI CIIydal IOCTOBEPHBIX OTIMYUH OT
(oHoBBIX MOKa3atenei, (p < 0,05)

3AK/IIOYEHHUE

1. PacrBop Buarps! B KoumeHTpamuy 10° M oKa3sIBaeT NperMyIIECTBEHHO yTHETAIONIEE
JeiicTBue Ha (PYHKIMOHAJIBHOE COCTOSHHE HEHPOHOB, KOTOPOE BBIpAXKAETCS B
CHW)KEHHH HCXOIHOI'O YPOBHS CKOPOCTH pPa3BHTHS CYMMapHBIX BXOSIIMX U
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BBIXOJAIIMX TPAaHCMEMOpaHHBIX HOHHBIX TOKOB (mo 78,7+10,1 wu 73,6+9,7 %
coorBeTcTBeHHO; p<0,05) n ammutyast [1]] Ha 16 %.

PacTBop conoaxu B koHueHTtpamuu 10° M He BBI3BIBA€T JOCTOBEPHBIX H3MEHEHHiA
(YHKIMOHANBHOTO COCTOSIHUSI HEHPOHOB, OJHAKO TMPOSBISIET TEHIEHIHI0 K
yraerawmomemMy 3(QQGeKTy, BBIPAKAIOUIEMYCS B CHIDKEHHMHM YacTOThl TE€HEpaluu
HUMITYJIbCOB.

MonekyIspHbIi KOMIIIEKC BHATPhl U CONOJAKH B KoHIeHTpamuu 10° M mposBiser
AKTUBHPYIOIMIMKA HEHpOTpOnHBIH 3((dEeKT, 4YTo BBIpaXaloch B JOCTOBEPHOM
yBennueHun yactotel ciemoBanus [1/1 (wa 38,8 %; p<0,05, n = 20) u ckopoctu
Hapacranus (Ha 10,3 %) cyMMapHBIX BBIXOAIIMX TPAHCMEMOPAHHBIX HOHHBIX TOKOB,
a Taroke cHrokenuu Ha 10,1 % (p<0,05, n = 20) MeMOpaHHOTrO MOTEHIHAIA.
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THE INFLUENCE OF OZONIZED SOLUTIONS VIAGRA AND LICORICE AND

THEIR MOLECULAR COMPLEX ON THE ELECTRICAL ACTIVITY OF
NEURONS OF THE MOLLUSK HELIX ALBESCENS

Kolotilova O. 1., Cheretaev 1. V., Korenyuk 1. I.

V. I. Vernadsky Crimean Federal University, Simferopol, Russian Federation
E-mail: oxy1978@mail.ru

With the help of intracellular diversion the effect is studied of the isolated solutions of

viagra and licorice and their joint molecular complex at a concentration of 10° M on the
electrical activity of unidentified neurons of the visceral ganglion of the mollusk Helix
albescens Rossm. Distinct neurotropic effects are demonstrated. It is concluded that the
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tested substances, depending on the structure of the molecule and the concentration used,
can both activate and inhibit the functional state of neurons. Thus, the solution of viagra in
a concentration of 10° M has a predominantly depressing effect on the functional state of
neurons, which is expressed in a decrease in the initial level of the rate of development of
the total incoming and outgoing transmembrane ion currents (up to 78.7+£10.1 and
73.61£9.7 %, respectively; p<0.05) and the amplitude of the action potential by 16 %. The
solution of licorice in a concentration of 10 M does not cause significant changes in the
functional state of neurons, but tends to depressing effect, expressed in reducing the
frequency of pulse generation. The molecular complex of viagra and licorice in a
concentration of 10 M exhibits an activating neurotrophic effect, which was expressed in
a significant increase in the frequency of the action potential (by 38.8 %; p< 0.05, n = 20)
and the rate of increase (by 10.3 %) of the total outgoing transmembrane ion currents, as
well as a decrease in the membrane potential by 10.1 % (p< 0.05, n = 20).

Keywords: licorice (glycyrrhizic acid), viagra (sildenafil), molecular complex
(licorice and viagra), neurotrophic effects.
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JaHHBIi 0030p JUTEpaTypHl MOCBSINEH YJacTHIO (JakKTOpPOB pOCTa B Pa3BUTHU M TeUeHMH OepeMeHHOCTH. B
CTarbe PacCMOTPEHBI MOJCKYIISIPHO-TEHETHYCCKHE XapaKTEPUCTHKU (haKTOpOB pPOCTa, WX ydacTHe B
nposudepaly ¥ aHrHoreHe3e, Poiib B UMILIAHTAIlMK M IUTACHTAIMH. Y Ke Ha CTa/lMd YEThIPEX 0JIacCTOMEPOB Y
SMOpHOHA OTMEYaeTcss CHHTE3 OelkoB (DakropoB pocra. Tak Kak MPOAYKThI TE€HOB B3aMMOCBS3aHbI B
MeTabOoJIMYECKHX MYTsIX, W3MEHEHHE WX (YHKIIHOHHPOBAHHS MOXKET 3allyCKaTh MPOIECCH allonTo3a H, Kak
CIIEJICTBHE, HapylleHHe (yHKIHOHUPOBAHMS CHHIMTHOTpOodoOIacra, 4To MOXKET NMPHBECTH K HEIOCTATOYHOM
nHBa3uM Tpododiacra u morepe OGepeMeHHOCTH. banaHc Mex Ty mporieccaMy anonTo3a U IpoiruQepayi nMeeT
peluaroniee 3HaYeHHE IS TOJJIep)KaHnsl OEPEMEHHOCTH, W HapyIICHHe WX PEryJsiid MOXET MPUBECTH K ee
roTepe B 1epBoM TpumecTpe. [okasaHa CBs3b OHOHYKJICOTHIHBIX MOTUMOP(HHU3MOB reHOB (PaKTOPOB pocTa u
HX OKCIPECCHH C HApYIICHHEM TEYeHHs OEPEeMEHHOCTH HAa OCHOBE aHAIW3a OTEUYECTBCHHBIX, 3apYOCKHBIX
HCCIIEIOBAHMI U COOCTBEHHBIX JaHHBIX. J[aHHbIE 00 accouualuu MOTMMOP(U3MOB I'eHOB (haKTOPOB poOCTa
MIPOTHBOPEYMBEI, WX BJIMAHWME HA MEXaHM3Mbl PEryJSIIUM KIETOYHOrO LHUKIa JO0 KOHI@ HE SICHO, YTO
CBH/ICTEIILCTBYET 00 aKTYaIbHOCTH JaTbHEUIINX HCCIIEIOBAHHI B 5TOM HANPABICHHH.

Knrouesvie cnoea: rteHbl (HaKTOPOB POCTA, AHTHOTEHE3, AalloNTO3, HEBBIHAIIMBAHHE OEPEMEHHOCTH,
(eroruialieHTapHbBI KOMILIEKC, MOTUMOP()HU3M I'eHOB.

MOJVIEKYJIAPHO-TEHETHYECKHUE XAPAKTEPUCTUKHU ®AKTOPOB POCTA

@akTopel pocta — OENKOBBIC MOJEKYJBI, PETYIHpYyOIe TNponudepanuo u
1 epeHITNPOBKY KIETOK. B orTiamdme oT ropMoHOB (DakTOpel pocTa, Kak IPaBUIIO,
HPOAYLUPYIOTCS HECTIELUATU3UPOBAHHBIMY KJIETKAMHU, HAXOAALIMMUCS BO BCEX TKaHIX, U
00J1aJaf0T SHJIOKPUHHBIM, IapakKpUHHBIM M ayTOKPUHHBIM aAciictBueM [1]. Cucrema
(hakTOpOB poOCTa BKIIOYAECT HECKONBKO KOMIIOHEHTOB: Oenkm (haKTOpOB pPOCTa,
cnequdurUeckue KIETOYHBIE PELENTOPbl M CBA3bIBAIOIIME OCNKU, Perylupyromue
KOJI4ecTBO (haKTOPOB POCTA, ACHCTBYIONIHE HA KIETKU-MHAIIeHH [2].

[TepBoe BemecTBO, Ha3BaHHOE (AaKTOPOM POCTA, OBLIO OTKPHITO OwmonoramMu CTIHIN
Kosnom u Puroit Jleeu-MonTtansunau B 1952 roay. Ilocne mepecanku qOMOTHUTENFHON
KOHEUYHOCTH AIMOPHOHY IBIUJIEHKA, OHH OOHApYXIJIH, YTO y 3MOpHOHA MOSBISIOTCS
JONIOTHUTEIbHBIC HEPBHBIE OKOHYAHHS BOKPYI TpPaHCIUIAHTAaTa. 3aTeM OHHU Iepecaluin
TOMY JK€ 3MOpPUOHY KJIETKH OIYXOJIM MBI, U YyBCTBUTEIbHBIC HEPBHbIC OKOHYAHUS
MOSBUJIMCH YK€ B OIYXOJMH. OKCTPAaKT, BBIACICHHBIH W3 OMyXOJdH, M ObUT Ha3BaH
dbaxropom pocra: NGF (nerve growth factor) [3]. 3aTem mociemoBana depena OTKPHITHI
IPYTUX POCTOBBIX (DaKTOpOB: OCHOBHOHU Qaktop pocra ¢ubpodbmactoB (IO. [luar n
M. Kuarcopron (1984)), cocynucro-aanorenuansHenii paxrop pocra (H. deppapa (1989))
U apyrue GpaxTopel, y4acTBYIOIIKE B aHTHOTeHEe3e [4].
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Uacto wuccienoBaTeld UCHONB3YIOT TEPMHUH «(HaKTOPBl pPOCTa» KaK CUHOHHM
TEPMHUHA «IIUTOKHHBI». B 4aCTHOCTH, WHTEPJICHKUHBI TAK:KE OTHOCAT K (haKTopam pocCTa,
OPUCHTHPOBAHHBIM Ha KJICTKH KPOBETBOPHOTO/UMMYHHOI'O TpoHucxoxaeHus [5]. VYV
Kernunckoro C. A. u Cumbupiiea A. C. B xiaccu(UKaluy MUTOKMHOB (DaKTOphI pocTa
BBIJICJTICHBI B OT/ICIbHBIC ceMericTBa (Tabmuua 1).

Taoanna 1

DyHKIUOHATBbHAS KjJaccupukanms ceMmeiicTB ¢pakTopoB pocra [6]

CewmelicTBa (paxTOpoB

pocta ®DakTopbl pocTa DyHKIUU
@axtop  pocrta  CTBOJNOBBIX | CTUMyInAIUs Hponudepanun u
DakTopsI pocra | kierok (Kit-ligand, steel factor), | mubdepeniupoBkn  KI€TOK-
reMOMOITHYECKUX FIt3 ligand, IL3, GMCSF, | npeaiiecTBeHHHUII
KJIIETOK GSCF, MSC, IL7, IL11, | kpoBeTBOpeHHUS, peryssinus
SPUTPONOITHH, TPOMOOIIOITHH KpOBETBOPEHUS
CeMeHCTP © ILIA, IL1B, penenropusiii | [IpoBocmanutenbHOe AeiHCTBIE,
UHTEpnekuHa 1 u
(baxropa pocta agtarouct IL1, IL18, daxrop | aktmBammst  creruguuecKoro
pocta GpubpodIacToB UMMYHHUTETA
(hubpodmacToB
CemeiictBo  (akTOopoB  pocra
CymepcemMencTBO HepeoB  (NGF),  mosrooit
(hakTopos pocra | Heliporpoduueckuit pakTop Perynsuus BOCITAJICHUS,
HEPBOB, @daxTopel pocTa TPOMOOLIMTOB | AHTHOTEHE3A,
TPOMOOITUTAPHOTO (PDGF), (hakTop pocra | QyHKIIMOHUPOBAHUS HEHPOHOB,
pocroBoro ¢axropa u | sumoreaus cocynos (VEGF) SMOPHOHAIBHOTO PAa3BUTHS |
TpaHchopmupyrmux | CeMelcTBO TGF: TGFB, | perenepanuu TKaHeH

pOCTOBBIX (HaKTOPOB

AKBUTUHBI, HHIMOWHbBI, KOCTHBIC
MOp(OreHeTHYecKrue OEeIKU

CemeiicTBo
AMHUICPMATBEHOTO
pocTtoBoro gakrTopa

EGF, TGFA, renapuH-
CBS3BIBAIOLIUI 0eJoK
SMHUAEPMAIBLHOrO (pakTopa pocTa
(HB-EGF), pererntop

AIETHIXOJINHA, MHIYUPYIOIIHI
aktuBHOCTH (ARIA), rimanbHbIH

(bakrop pocra (GGF),
Ampuperynun (AR),
OnuperynuH (EPR),
Beranemmona (BTO),

Heiiperymun-1 -4 (NRGL1 -4)

Crumymsmus  nponudepanuu
pa3IMYHBIX TUIIOB KJIETOK

CeMelicTBO
HWHCYJIMHOIOJOOHBIX
POCTOBBIX (DaKTOPOB

IGF1, IGF2

Crumymsiuss — nponudeparun
pa3IMYHBIX TUIIOB KJIETOK
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Benku cemeiictBa (akTopoB pocra (HhUOpOOIACTOB (ILTIOPUIIOTEHTHBIE» (PAKTOPHI
pOCTa)  CHHTE3UPYIOTCS TJAaBHBIM  00pa3oM  JHIOTETHAIBHBIMH  KIETKaMH U
AMUTENUANbHbIMUA KieTkaMu [7]. CemeiicTBo Brirouaer 22 OenkoBbix Monekyiasl FGF.
Onu 0OHapYKMBAIOTCA BO BHEKJIETOUHOM MaTpHUKCE, B IIMTOIUIa3Me, B siape KieTku [8].
Bo Bpemsi aMOpuorene3a OHM OTBEYAIOT 32 MPABUJIBHBIA aHTHOTreHe3, (OPMHPOBAHUE
HEWpYJbl U pa3BUTHE HEPBHOM CHUCTEMBI, Hedanu3aluio, pa3BUTHE KOHEYHOCTEH, a B
3penbIX TKaHsax — ux perenepanuio [9, 10]. JTro6oe oTkIOHEHME OT HOPMBI B paboTe Oenka
(akTopa pocta GuOPOOIACTOR MOKET MPUBECTH K Py Ae(HEKTOB B pa3BUTHH. MyTanuu
B renax FGF wum wux penenTopoB MoOryT oOyCIaBIMBAaTh pa3in4HbIe AHOMAIWH:
CHUHJIAKTHIINIO, OpaxuJaKTHIMIO, CpalllcHUEe WJIM UCKPUBJICHUE IJTUHHBIX KOCTEH W Jp.
Tax, 3a aXOHJIPOIJIA3UI0 OTBETCTBEHHBI MyTaiwu B reHe FGFR3 — 3amena apruHuHa Ha
mnuH B nonokenun 380 (R380G), xoropas BXOIUT B COCTaB TPaHCMEMOPAHHOIO
JoMeHa 93Toro Oenka. Jlpyroii BBICOKOMYTaOeNbHBIM calT B moyiokeHuu 250
AMHHOKHCIIOTHOM TIOCIIeIOBATEIFHOCTH BOBJIEUEH B MpOsBICHHE CHHApoMa MIOHKe,
MyTallid B JAPYIMX CalTaXx 3TOro T'eHa BBI3BIBAIOT TaHATO(QOpHYIO auciuiazuio [11].
MyrantHeie MbIH, JedunuTHeie 1Mo reny FGFR1, ymupaior BO Bpemsi mo3aHero
aMOpHOreHe3a U UMEIOT JIeQeKThl B 3aKPBITHH HEPBHOU TpyOKH [12].

Wncynmuuononobueie  ¢aktopel pocra (IGF1 wu IGF2, comaromequa C wu
COMaTOMEMH A COOTBETCTBEHHO) Ha3BaHbI TaK HM3-3a CBOEH CXOXECTH B CTPOCHUH C
nHcynHoM. 3penbiit 6enok IGF1 nmeer o u B-1ienu, TOMOIOrHYHBIE TAKOBBIM HHCYJIHHA.
B oTnnume ot MHCYNIMHA OHU TIOABEPTaIOTCS MPOTEOIMTHUECKOMY PACHICIIEHUI0, UMEIOT
B COCTaB€ JIOTMIOJHUTEIbHBIA KOPOTKUH KOMITIOHEHT D, KOTOpBIN OTCYTCTBYET B MOJIEKYJIE
WHCYyNMHHA, comepkar C-KOHIEBOW E-menTun, KOTOPBIM OTHICIIIETCS B ammapare
TlNomemxu B mpomecce cekperuu. IGF1, IGF2, nacymuna (INS), ux penentopsr (IGFIR,
IGF2R, IR) u mecthp cBs3pBatomux OenkoB (IGFBP1-6) BeimenstoT kak KITIOYEBBIC
peryisaTopHbie (akTophl mpe- W TmocTHaTamsbHOro pocta [13, 14]. B 3aBucumocTtH OT
peuenTopa, ¢ KOTOPBIM CBSI3bIBACTCS WHCYJIMHOMOJOOHBIH (PakTop pocra, B KIETKE
3aIlyCKalOTCSl  pa3iiMYHble  MEXaHW3Mbl: MHTOreHHBIE 3(deKTsl  omocpenoBaHbI
cesa3piBanueM IGF ¢ ero perentopom IGFR1 [15] u ceaseiBanmem IGF-2 ¢ IR-A
n3odopmoi, a cszpiBarme ¢ IR-B m3odopmoit onocpenyer merabonmueckue 3¢ dhexTsr. In
vitro IGF1 u IGF2 3amumarT MHOTHE THIIB KJIETOK OT Pa3IMYHBIX IIPOAONTOTHIECKUX
cTuMynoB. B skcnepuMeHTax in vivo cHibkenHas odkcnpeccuss IGF1 uw  IGF2
acconuupyercsi ¢ aktuBarumeil amonrtosa [16]. Konnentpanus IGF1 B I-1I TpumecTpax
MMeeT MPSIMYI0 KOPPEISIUI0 C Maccoi IoAa. boiee BBICOKHWE KOHIEHTpAIMM Oenka
COOTBETCTBYIOT Oounblield Macce tuiona [17]. DkcriepuMeHThl ¢ BhIKIIOYeHUeM reHa |GF
Ha MBIIIaX U APYTHX 3BEPSAX IMOKA3BIBAIOT, UTO B 3-M TpHMecCTpe (Koraa KIFYEBYIO POJb B
pocTe TUTola UTpaeT IMOCTaBKa HyTPUEHTOB OT Marepu K miony) IGF1 craHoBHTCS OomHUM
W3 TIaBHBIX perymaropoB ero pocta [10]. Ilokazano, uro IGF1 ywactByer B pa3BuTHH
IJTAIIEHTAaPHOH  HEOCTATOYHOCTH W Tpedkiamrcuu. B HopMme OepeMeHHOCTh
COIPOBOXKIAETCA TOBBIMIeHHeM KoHIeHTpanuu IGFl, B To BpeMs Kak y MalMeHTOK,
OepeMEeHHOCTh KOTOPBIX OCIOXKHEHAa CHHAPOMOM 33JIepKKH PAa3BUTUS IUIONA WIIH
MpedKIaMIICHel, OTMedaroTcsi cHmkeHHble KoHmeHTparmu IGFl mo cpaBHeHuio c
¢usnonornyeckoit 6epemennocteio [18, 19]. I'emnt IGFl u IGF2 nmokanmm3yrorcs Ha
xpomocoMax 12q23.2 u 11p15.5 cooTBeTcTBEHHO.
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Benku cemeticTBa anuaepManibHOrO (hakTopa pocTa WHAYITUPYIOT MUTPAIIUAIO KICTOK
U DKCOPECCHI0 TCHOB, YyYacTBYIOIIMX B TaKuUX TWpoleccax, Kak HWMIUIAHTAIHS
OJIACTOITUCTBI, MUTpallUsl W Tpoiudepanus SMUTCIUATBHBIX KICTOK, 3)KHBIICHHE DPaH,
KoCcTHasi peabcopOims, artepockiepo3, poct omyxomu [7, 20]. Xapakrepucruka
HEKOTOPBIX I'€HOB TOr0 CeMEHCTBa MpecTaiicHa B Tadiwuie 2 [21].

Taoéauna 2
Jlokanu3anus reHoB ceMelcTBa dMUAePMAIbHOT0 (hakTopa pocTa

Jlokanuzanusa B
I'en Mecro cuHTEe3a OEIKOB >
XpOMOCOMeE
EGF TpoMOGoIHTHI (KOCTHBIH MO3T) 4925
HB-EGF Makpodaru, MOHOUMTHL, T-TUMQOIHTHL, 5023
TJIQJIKKE MBI M SHI0TEINATBHBIC KIIETKH
TGFA Makpodaru, KJIeTKM COCYJI0B MIaJIKUX MbImi | 2013
BTC Makpodaru, KJIeTKy cOCyJ10B MIaakux Mbimi | 4013-21
AREG AKTHBHPOBaHHbBIE MOHOITUTHI YEIOBEKa 4913-21
EPR Makpodaru nepudepraeckoil KpoBH, KIETKH 4q13.3
COCYJIOB TJIJIKUX MBIIIIIT

EGF — mommubiii mutorenernveckuit dakrop. Ilokazano, uro EGF perymupyer
UMIUIAHTAINIO, POCT U UG GEpeHIMPOBKY MAeHThl. [Ipr u3ydeHuH in vitro BIMSHUS
EGF HemocpencTBeHHO Ha KyJIbTYpy KJIETOK ILTAIIEHTHI YelloBeKa ObLIO JIOKa3aHo, YTO OH
yckopsieT nuddepennnpoBky u nponrdepanuio TpododaacTa, TopMoss ero amontos [10].
OH Takke Urpaer pollb B PETYISAINN CHHTE3a PAa3IMUHBIX BEIIECTB, CIICIH(DUUISCKUX st
OCpEMEHHOCTH, TaKMX KaK IPOCTarjlaHauH 2, OeTa-XOPHOHWYECKUH TOHAIOTPOIUH
YeloBeKa, TIUIANEHTApHBIA  JIAKTOreH  dYelnoBeka W mporectepoH.  CHmKeHHE
(yHKIIMOHAIBHON aKTUBHOCTHU ero perenropa, EGFR, cBs3siBaroT ¢ 3amenjieHneM pocra
9MOpHOHAa Kak y Mblied, Tak u y deidoBeka. EGF wHa 40 % romonoruyecH
nocnenoBatenbHocTd TGFA U KOHKypUpyeT ¢ HUM 3a cBsi3biBaHue ¢ perentopoM EGFR.
IMyts TGFA — EGFR, xak u EGF — EGFR, siBnsiercst akTBHBIM B TaneHTe [22].

TGFB — MynbTH(QYHKIIMOHATBHBIA [TUTOKMH, KOTOPBIH COBMECTHO C €T0 PEIEeNTOPOM
MPOAYIIUPYET MPAKTUIECKH KaXK/asl KlieTka B opraHu3me. Bo Bpems 6epemennoctu TGFB
MIPOAYIUPYETCA TIAaBHBIM 00pa3oM KieTkamu Tpodobiiacta W BOBIEUEH B MX HHBA3MIO,
npoiudepanuio U audhepeHInpoBKy, CHOCOOCTBYET TMpoIleccaM pemapanud paH |
HEMOCPE/NCTBEHHO CTUMYJHpyeT aHrHoreHe3. Bwmecre ¢ TeM OH  IOHaBIseT
nponudepanuilo W MHTPANUI0  TIHAJAKOMBIIIEYHBIX H  DHAOTEIHANBHBIX  KIIETOK.
[lomaBnenre reMoron3a, CHHTE3a MPOBOCHAIUTENBHBIX ITUTOKWHOB, OTBET JIMM(OIINTOB
Ha WHTepIeWkuHbI-2,4,7, dopmupoBanue nurorokcmueckux NK-kimerok m T-ximerok
OKa3bpIBaeT MHTHOHpyome 3G¢deKkTsl Ha UMMYHHYIO cuctemy [6, 23]. [lpoaykr reHa
TGFB wumeer tpu m3ohopmbl — TGFB1, TGFB2, TGFB3, reHsl KOTOPBIX pacHoOiI0KeHbI
Ha xpomocome 19ql3.1 mna TGFBI, 1g4l nmna TGFB2 wu 14924 nna TGFB3.
[omunentruasl 00pa3yrOT BBICOKO TOMOJIOTHYHYIO TPYIITYy COEAWHEHUH, TIE 3penble
¢dopmer  TGFB1 wu TGFB2 xapakrepusytorcsis 71,4 % coOOTBETCTBHEM B  HUX
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AMHHOKHCJIOTHBIX MOCIIeAOBaTeNnbHOCTSX, B To BpeMms kak TGFB3 ¢ TGFB1 u TGFB2 —
76 % u 80 % coorBerctBeHHO [24]. OcHOBHOI M30()OPMOM, CEKPETHPYEMOH KIIETKaMH
uMmMmyHHOUM cucremsl, siBisgercss TGFBI1. Ilokazano, uro TGFB1 unaynupyer amomnrtos
SMUTEIUATBHBIX, SHA0TENNATBHBIX, TEeMAIIOITHUECKUX KIIETOK KakK uepe3 pS3-3aBUCHMEIE,
Tak U dYepe3 pS3-He3zaBucumble MexaHu3Mbl [25]. OmuoBpemenno TGFB1 Ttaxke
HWHAYIHUPYET SKCIPECCUIO COCYAUCTOTO SHAOTEIHAIBHOTO (hakTopa pocta [26, 27].

CemelicTBo perynsTopoB anruorenesa VEGF mpencraBineHo HECKOTBKHUMH
rinukonporenHamu (VEGFA, VEGFB, VEGFC, VEGFD) u mnaueHtapHbM (haKTOpOoM
pocta (PGF) [28, 29]. I'en VEGFA pacnonoxen Ha 6p21.1. IlenTua npencraBiicH
HeckonbkuMu u3dopmamu: VEGFA121, VEGFA4s (npencrarieHa MperMyNIECTBEHHO),
VEGFAugs, VEGFAxs (BeTpeuaercs pexe Bcero). VEGFA 21 cymiecTByer B pacTBOpUMOi
¢dopme. 3nauntenbHas yactb VEGFA1es ocTaercs B CBA3aHHOM COCTOSIHMM Ha KJIIETOYHOMN
MMOBEPXHOCTH WJIM BO BHEKJIeTo4HOM MaTpukce, VEGFA1s9 1 VEGF Azps mpakTudecku
MOJHOCTBIO HaxoAdTcsi B cBsizaHHOM coctossauu  [9].  IIpomynmpyercs VEGFA
MPAKTUYECKH BO BCEX TKAHIX W SIBJSIETCS OJHUM W3 TJIABHBIX PETYISATOPOB aHTHOTEHE3a,
OCYIIECTBIISECT YBEITHYECHUE IIPOHUIIAEMOCTH COCY/IOB ¥ MPONH(Epaniio SHA0TEIHATbHBIX
kierok [30, 31].

VEGFB mnokamuzoBan Ha 11 xpomocome (11g13.1). B ormmume or VEGFA
JKCIIpECCUpYeTCsi Ha paHHUX CTAAUAX SMOPUOHAIBLHOTO pa3BuTHsA. [IpomyKT TeHa
npencrapiied apyms uzopopmamu VEGFBis7 1 VEGFBigs. Jlokanu3yercss B OCHOBHOM B
MHOIIMTAX CKeJIETHON MycKynatypsl U Kapauomuonutax [9]. VEGFC takxe yBenndauBaer
MPOHHUIIAEMOCTh COCYJ/IOB, CTUMYJIMPYET MHUTPALMIO U MPONH(epanuo dHI0TENHaTLHBIX
kierok, jaumdoanrnoreHes [9, 29]. VEGFC pacnonoxen Ha 4q34.3, wuzodopMmsl
orcyrerByior. VEGFD (Xp22.2) romonoruden Ha 48 % VEGFC mo mocienoBaTeibHOCTH
AMUHOKHCIIOT. DKCIPECCUPYETCSI B OCHOBHOM B CKEJIETHBIX MBIIIIAX, CEP/Ie, JErKuXx,
kuiednuke [9]. Uuaynupyer numdoanruorenes [29].

BoigensioT Heckonbko rpymm perentopoB OenkoB cemeiictea VEGF: VEGFR1
(mponmyxkt rena FLT1), VEGFR2 (KDR), VEGFR3 (npoaykrt rena FLT4), Hefipormunuaer
-1, -2 [32, 33]. Penentoper VEGFRI1 axcnipeccupyroTcst TpaKTHYECKH TOIBKO B KIIETKaX
SHAOTENUS KPOoBEHOCHBIX cocynoB, VEGFR3 Bo B3pocioMm opraHn3Me MpernMyIiecTBEHHO
OO0HapPYKUBAETCS B DHIOTENNU TAM(PATHIECKUX cOCy0B [32].

OpuuM u3 aktuBaTopoB VEGF sBiusercs rumokcus. MMmimaHTanus >MOpHOHA U
pazBuTHe OEpeMEHHOCTH Ha paHHUX CpPOKaxX MPOUCXOMAT B YCIOBHSIX HEMOCTaTKa
kucnopona (2-3% O2) [31]. Tunokcus-unayupyemsiii pakrop HIF-1A Heobxomum st
aktuBanuu tpaHckpunimu VEGF B orBer Ha rumokcuio [34, 35]. B pesynprate VEGF
BbI3biBaeT NO-3aBHCHMYIO Ba3O[WJIATAIlMIO dYepe3 B3aMMOACHCTBHE CO CBOUMH
peuentopamu VEGFR-1 u VEGFR-2, uro npuBoguT k aktuBanuu nporenHassl B (Akt).
Akt dochopmmmpyer sHAOTENMMANBHYIO cHHTa3y okcuaa azora (ENOS) [36, 37]. Ilox
BIUSTHUEM 3TOT0 (pepMEeHTa MPOUCXOANT OKucienne L-aprunauna c eigeneanem NO [38].
Bo Bpems OepeMeHHOCTH OH BIMSET HA WMILUIAHTAIUIO, ACHUAYATH3AIHIO, PEryIISIUI0
KpOBOTOKa B IUIaleHTe. B onTtuManeHoil koHUeHTpauuu NO CTUMyIUpyeT MpOLIECCHI
BHYTPHUYTPOOHOTO Pa3BUTH, B TO K€ BpeMs €ro AeUIUT MPUBOJUT K OCTAHOBKE
pasBuThs 3MOpHOHa, a M30BITOK BEI3BIBAaET jaereHeparuio 3apoxeima [39, 40]. VEGF
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CTUMYJIUPYET MOOMJIM3AIMIO KaJIbIUs W3 BHYTPUKJICTOYHBIX JICTIO, KOTOPBIA, B CBOIO
ouepenb, ycrminBaeT akTuBHOCTh Ca-3aBucumoint NO-cunTeTassl [41].

Hutorenernueckas jokamuszanusi PGF 14q24.3. benok mnpencraBieH YeTHIPbMS
m3opopmamu: PGF1l, PGF2, PGF3, PGF4 u crpykrypHO umeer romoioruto ¢ VEGFA.
CuHTe3upyercsi TIaBHBIM 00pa3oM B IUIALIEHTE, CEpAlle, JITKUX, HIMTOBUIHOMW XKeie3e,
xupoBoi Tkauu [42]. TIpuHHMaeT HEMOCPEJACTBEHHOE ydyacThe B aHrmorenese [43].
Opnako 1o cpaBHenuto ¢ VEGF ero ponp B 00pa3oBaHMM HOBBIX COCYJIOB MEHEE
noHsiTHa. OTCYTCTBUE IUTAIIEHTApHOro (hakTopa y TPAHCICHHBIX MBIIICH HE BEICT K
HapyIICHUIO aHTHOTreHe3a BO BpeMsl SMOPHOHAJIBLHOIO W IOCTHATAJILHOIO Pa3BUTHSI, HO
HapyllaeT aHTMOreHe3 IIPU pPa3IMYHBIX IMaTOJOrHYeckux ycnoBusx. PIGF moxer
cuHepruyHo ycuinBate VEGF-unnynupoBaHHbIi aHTHOT€HE3 U POHHUIIAEMOCTh COCYIOB
[44]. B imrepaType OTCYTCTBYIOT JaHHBIE, JOKa3biBarolue BoBiiedueHHOCT, PGF B
[aTOreHEe3 PaHHUX BBIKUJBIIICH, B TO JK€ Bpems JAepHUIUT gaHHOro (akTopa
accoruupyercs ¢ GopMUPOBAaHUEM IMEPUHATAILHOW MATOJOIMH, MaHU(ECTUPYIOIICH BO
BTOpO# ToyioBUHE rectanuu [44]. YV KEHIMH C CHHIPOMOM 3aJIePKKH Pa3BUTHUS ILIONA
ypoBeHb PGF Hmmke BO Bcex TpuUMeCTpax TecTallud [0 CPaBHEHHIO C TAaKOBBIM Y
OepeMeHHbBIX KOHTPOJIBHOM Tpymiibl [45].

YYACTUE ®AKTOPOB POCTA B TIIPOJIMOEPALIMU: HEKOTOPBIE
MOJIEKYJIAPHBIE MEXAHU3MbI

dakTopbl poCcTa UIPalOT Ba)KHYIO POJIb B IPECHHTETUYECKOM cTaguu HHTEp(da3bl
MHTO3a, OCYIIECTBIISAS MTEPEX0] B CHHTETHUECKYIO, MIIM MTEPEBOIAT KIETKY B craguio GO.
IGF, EGF, VEGF, PDGF, CSF, FGF, IL1 cTuMymMpyioT poCT KIETKA H €€ IEICHHE.
TGFB 1 TNFA BBICTYIAIOT U KaK CTUMYJISATOPEI, M KaK HHTHOUTOpPHI pocTa [46-50].

CemeiictBo penentopoB EGF Brmouaer EGFR, HER2, HER3 u HER4. Dtun
penenTopbl 00JIaJaf0T MPOTEMHKUHA3HONW aKTUBHOCTHIO, JIOKAJIM30BAHBI HA KIIETOYHOU
MeMOpaHe W CTUMYIIHPYIOTCS MHOTOYHCIICHHBIMU JinrangamMu — EGF, Oera-nemmommH
(BTC), TGFA, a taxxe ueiiperymuaamu (NRG). EGF umeer Bo3MOKHOCTS aKTUBHPOBATH
EGFR, HER2 u HER3; TGFA aktuBupyer tonmbko HER3; NRG1-4 Moxer CBSI3bIBaThH
HER3 u HER4; BTC axtuBupyer EGFR u HER4 [51]. D10 coOpiTHE TPHBOAWT K
AKTHBAIMK TPOTEHMHKHHA3bI W (QOCHOPUINPOBAHUIO THUPO3UHOBBIX OCTATKOB. CalThI
dochopunupoBanns cemelictBa perentopoB EGF ciyxaT MecTaMu CTBIKOBKH IS
Pa3IHYHBIX OETKOB, KOTOPBIE YYACTBYIOT B PETYISIMA W TOCISIYIONIeH aKTHBAIlUK
pa3MUYHBIX BHYTPHKICTOYHBIX CHTHANbHBIX KackamoB PI3K/Akt, c-Src u MAPK-nmytu
[52]. Tlyte PI3K/Akt, aktuBupyembiii komruieckcom EGF-EGFR, mnpuBomur
Tparckpumniwu c-Myc u cyclin D1, KoTopbie cIOCOOCTBYIOT pocTy W Tpoiudeparun
KJIEeTOK, U MoxkeT nHruouposatbes NDRGI.

K ceMelicTBY TUPO3UHKHHA3 TAKXKE OTHOCITCS PEIENTOPBI APYrux (hakTopoB pocra,
BKJIFOUAsl TPOMOOIHUTAPHBIN (hakTop pocTa, (aKTop POCcTa SMUACPMIICA U TUIAIleHTAPHBIN
dbaxrop pocra [51].

Jns wHCYnMHONOAOOHOTO (hakTopa pOcTa MOKAa3aHO, YTO B (DPM3HOIOTHYECKHX
koHMerTpasx in vitro IGFI u IGFII 3amumaror MHOTHE THIIBI KIETOK OT Pa3MYHBIX
MPOANONTOTHYSCKUX CTUMYJIOB. B dKCIepUMEHTax in Vivo CHI)KEHHAs SKCIIPECCHS ITUX
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TeHOB accOLMUpOBalach ¢ akTuBauuel anonrosa [16]. B knerke IGF aktuBu3upyer nyti,
BEAYIIME K CTUMYJISAIUU Tpoudepaliu, KISTOYHON MOIBUKHOCTH ITyTEM CBSI3BIBAHUS C
cyopemuauiiamu IGF1R. OHM BKJIIOYAIOT MyTh C BOBJICYCHHEM MUTOICH-aKTUBUPYEMOU
MPOTEMHKUHA3Bl Yepe3 MocienoBaTenbHylo akTuBauuio Ras, Raf, MEK u ERK. 3Orto
MPHUBOAUT K YBEIMYCHUIO SKCHPECCHH MHKIMHA D W TPOXOXKICHHIO 4Yepe3 TOUYKY
pectpukiuu [47, 53]. Ilepenauy curnanoB yepes MAPK ocymectBistor takke TGFB,
VEGF [54, 55]. ®ocharuaunuHo3uTon-3-KMHA3HbIA  MyTh,  OMOCPEIOBAHHBIM
B3aumojericteueM kunHa3 PI3-K, PDK, Akt, Taxke MPUBOJUT K YCICIIHOMY JEICHUIO
kierku [47, 48].

Morrish ¢ komteramu Obula MOKa3aHa OTPHUIIATEIbHAS PEryJsius AU PepeHIHammn
kieTok tpodobnacra uepes TGFBI1 curnanuszaimio [56]. TGFB unrubupyer akTuBHOCTb
oboux komriuiekcoB mukinH D-Cdk4/6 u nmknun E/Cdk2 [57]. dobGaBnenne TGFB1 x
KyJIbTYype KIETOK uuToTpodobnacta, CTUMYIHMPOBaHHBIX K auddepeHnmupoBke B
npucyrctBur EGF, mpuBOANIIO K YMEHBIIICHUIO MX CHHIIMTHAJIM3AIMOHHOrO MOTEHIHAIa
Hapsany ¢ ymenbinenneM cekpenr hCG u nnanenrapsoro akroreda [56]. Kax bt uien
cemeiictea TGFB cBs3eiBaercst ¢ penentopamu tumna | wim II, 9yTo mpuBoauT K HX
aBTO(OCHOPUINPOBAHUIO M TTOCHEAyIomei akTuBaimu smads (R-smad: smad2 u smad3;
co-smad: smad4). ®ochopunupoBannsie R-smads cas3piBaroTcs ¢ 6enkoM sSmad4, Bxomst
B SJPO M aKTUBUPYIOT TPAHCKPHIILUIO T'€HOB, TOPMO3SIIUX IMPOIECCHl MHBAa3HH KJICTOK
[58]. Ha muuunm HTR-8 / SVneo kimerok tpodobiacta 6610 mokazano, uro TGFB uepes
smad2 cHMXaeT ypoBEeHb KJICTOYHOU aare3un Monekylbl VE-kajarepuHa u mpernsTcTByeT
nx uHBazuu [59]. llogaBnenue curnanoB TGFB nmpuBoauT K MOBBIIIEHHONH aKTHBHOCTH
mukiuaa BE-CDK2, a 3arem k Oonee BBICOKMM ypoBHsM ImknuHa E [49]. Ferrari ¢
KOJIJIeraMy TIOKa3ajy, 4YTo amomnTornyeckas akTuBHocTh TGFBI1 Ha sHOooTenmmambHBIX
kirerkax koHTponupyercs FGF2 m VEGFA. VEGFA 3amurmaer 2H10TeMHaNbHBIC KIETKH
oT amonToza uepe3 axtupamuio p38MAK Ges yuactms TGFBI. CruMynsuus amonrosa,
omocpenoBannoro TGFB1, Takxe tpebyer akrusaumu myta p38M¥* - VEGF/ VEGFR1,
YTO OCYIIECTBIISIETCS 3a cder ycwmieHus skcrpeccun VEGFA un FGF2. CHmxenmne
skcrpeccun  VEGFR1  cmocoOcTByeT BBDKHMBaHHIO, THpoiaudepallid ¥ MHUTPaIUH
SHIOTEIHANBHBIX KIeTOK [60].

Junsa pazButus mioaa pernentop ¢axropa pocra saaoTenus cocynos VEGFR2, nvmeer
peraroree 3HaYeHNe, TOCKOJIBKY ero MHAKTHBAIFS MPUBOIUT K paHHEH dMOpPHOHAIBHON
cmeptHocT y wMbrmed  [61]. VEGFR2 wurpaer BaxHy0 poidb HE TONBKO B
middepeHupoBKe, Mponrdepaui 1 MPOHUIIAEMOCTH YHIIOTENHS COCYIOB, KaK OBLIO
YIOMSHYTO BBIIE, HO TaKKe€ W B JPYTUX HE MEHee BaXKHBIX AacCIeKTax, TaKuX Kak
BBDKMBAHUE W MUTPAITHS SHIOTEIHOIUTOB. JTO OCYIIECTBIISICTCS Yepe3 JONOTHUTETbHBIN
mytb Akt / phosphoinositide 3 kinase (PI3K), xoropsrii moxer mamynupoBatbecss VEGF
yepe3 0enmkoByr0 THpo3nHKIHA3y AXL [62].

POJIb ®AKTOPOB POCTA B PA3BBUTHUN U TEHEHNU BEPEMEHHOCTH

Vike Ha ctagun 4-X OnacToMepoB IoKa3aHo Hanuuwe | GFA W BHYTPUKIETOYHOTO
JomeHa k penentopy EGF. Dupomerpuanbneiii TGFA wWrpaer onpenclieHHYI pojib B
MOJrOTOBKE AMOPHOHA W/WIM DHIOMETPHS K MMIUIAHTAIMU MyTEM MPSIMOrO KOHTAKTa
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TpancMeMOpanHoi  (opmbl TGFA Ha KwieTkax SHIOMETpUS U PEIEHTOPOM
snuaepMalibHOro (hakTopa pocta 3MOpHOHA WM 3HAOMETpHalbHBIX KieTok [63]. Ha
ctaauu 8- u 14-TH KJIETOK OOHAPYXEHBI BHYTPHU- U BHEKJICTOYHBIC JIOMEHBI K PEIEHTOPY
EGF, IGF1 u IGF1R [64]. Knerkamu Onacrouuctel cekperupyercs 1GFB1 [6].
[Iporenns! MHCYTMHONMOAOOHBIX (PAKTOPOB pOCTa UTPAIOT POJb B MPOIECCE UMILIAHTALIUH,
B MOJECIUPOBAHUN COCYIHMCTBIX pEaKLUWH, peryaupoBaHud pocta Muomerpus. |GF1
MPOAYIHPYETCsl TMJAICHTOH W peryaupyeT Iepexoja MUTATeNbHBIX CyOCTpaToOB uepes
IJIAIICHTY K IUIONYy M TaKUM IIyTeM OOeclieYMBacT POCT M pPa3BUTHE Iuoma [65], B
anuTenuu Matku dkcrpeccupytores IGF1 u IGF2 [66]. [euunyanbHble CTpOMabHBIC
knerkn 1 NK-kierkn nponynupyror nutokuabl CSF1 u TGFB, HeobxoaumMeie 1iist pocTa
u pa3euTHs Tpododacra, nponudepanuu u quddepeHuporke [65].

PemonenupoBanue cHupaibHBIX apTepUil HMMEET pellalollee 3HaueHUe ISt
HOPMAalIbHOTO poOCTa W pa3BUTUs IUIoJA. B Hawaje mepBoro TpuMecTpa B IUIAINCHTE
KpOBOOOpAIllEHUE U OKUCIIUTENBHBIH CTPECC KaK TaKoBbie OTCYTCTBYIOT [67]. [lepBnie
MpPHU3HAKK TJIalleHTApPHOTO aHTHOreHe3a HaONoJaroTcs Ha 3 Henene OepemeHHocTH. B
nepBbic  Hemenu — OGPEMEHHOCTH  KJIeTKaMH  [UTOTpodoOllacTa  MHTEHCHBHO
SKCIPECCUPYETCS] XOPUOHWYECKUN TOHAJIOTPONMH, TMOJOXKUTEIbHO BIMSIOMIMI Ha
AHTHOTEHE3 W OKCIPECCHI0 DJHAOTeNWambHOro (akropa pocta cocymoB [68],
cTuMmynupytomui  auddepennuanuo tpododiaacra. Ha 11 Hemene OepeMeHHOCTH
YPOBEHb €ro 3KCIPECCUH MAaJacT, OCTaBasCh CTAOMIBHBIM 10 34 Heaelb OepeMEHHOCTH
[65, 69]. Mexay 8 u 12 HemensmMu OepeMEHHOCTH IUTOTPOGOOIACTHISCKHE TPOOKH,
00pa30BaHHbIC YHJIOBACKYJSIPHBIM ITUTOTPO(0OIACTOM, BBHICBOOOKIAIOTCS, CIIOCOOCTBYS
nepdy3un KiIeTok Tpodobnacra marepuHckod kposbio [70, 71]. K koHIly mepBoro
TpUMECTpa B IIAIICHTE OTMEUAOTCI MakcuManbHble 3HaueHus yposan TGFB, EGF, FGF
u IGF, xoTtopple CHMXAIMCh KO BTOPOMY TpUMECTpy [72]. DTO coBmamaer ¢ pPe3KuM
YCHJIGHHEM OKHCIHTEIILHOTO cTpecca. [IpuMepHo ¢ 9-o0if 1o 23-10 Hemenn OepeMeHHOCTH
MIPOUCXOMIUT PACIIMPEHNE KAHWUIIPHOTO CJIOs Iuroma IryTeMm BeTBieHus [70, 71]. Otor
repuon xapakrepu3yercs Bbicokod skcmpeccued VEGF u ymepennoit PGF. C 25-i
HEZeNN 10 KOHIIa OepeMEHHOCTH MPOMCXOTUT pe3koe CHMKeHue KoHieHTtparmuun VEGF
[42, 73]. AHrmorene3 IMpOJOIKAETCS 10 CPOKa CO3PEBAHUS KPOBEHOCHBIX COCYIOB U
pa3BuUTHA OoJiee CIIOKHOM COCYAMCTON CETH sl 0OJIerdeHus SKCIIOHEHIIMAIFHOTO poCcTa
mwioga [67]. B xome 6epeMeHHOCTH HAOMIOAAETCS POCT METa0OIUIECKAX MOTPEOHOCTEN Y
IJI0/a, KaK CIIEACTBHE HAOIIo/MaeTcsl YBEIMYeHNE aKTUBHOCTH MHUTOXOHAPHUN B KIIETKaX
IJTAEHTHl ¥ AKTHBHOCTH MHUTOXOHJIPHAIBHBIX (PEPMEHTOB. DTO CIOCOOCTBYET YCHIIEHHUIO
paboTBhl aKTUBHBIX (POPM KHCIOPOAa W YBEIMYEHHUIO OKHUCIHTEIhHOro crpecca [74].
Konnentpamnus PIGF Bo3pacraer B 4 pa3a OT KOHIIa TIEPBOTO K KOHITY BTOPOT'O TPUMECTpa
(usuonornyeckn TmpoTekaromielr OepemenHoctn [44] w mocne 25-0if Hemenw W
HaOmoaeTcss MENJICHHOE CHIDKEHHME JKcmpeccuu dtoro reHa [73]. Takum obpazom,
(hakTOpBl pocTa BHOCAT BKJIAJl B pPa3BUTHE W IMPOTEKaHHWE OEPEMEHHOCTH Ha BCEX €€
dTamax W SABISIFOTCA OJHUMH M3 OCHOBOIIOJNATAIONIMX YYaCTHHUKOB IPOIIECCOB
(dhopmMupoBaHus (eTorIaneHTapHoro KomIuiekca. l3meHeHus B (yHKIHOHHPOBAHHUU
OETKOBOT'0 TPOAYKTa TEHOB (DAKTOPOB pPOCTA MOXKET TPUBECTH K HAPYIICHUIO
HOpPMAJIBbHOTO TeUEeHUsT OEpEMEHHOCTH.
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ACCOIMAIIUA DAKTOPOB POCTA C HAPYHIEHMEM TEYEHUA
BEPEMEHHOCTH

TGFB u VEGF wurpamor KI0UeByl0O pOIb B pEryaslUd HUMIUIAHTALUN U
mianentanuu. TGFB1 uHIynupyer 3KCIpecCrio COCYAMCTOr0 HI0TEMAIBHOrO (hakropa
pocta [26, 27]. [lokazano, uro TGFB1 u VEGFA akTUBHpYIOT CHHTE3 U PErYIHPYIOT
aKTUBHOCTh MATPUKCHBIX MeTauonporenHas [37, 75]. Tak kak MpOAYKTHl TEHOB
B3aMMOCBSI3aHbl B METa0OMMUYECKUX MYTAX, U3MEHEHHWE MX (YHKIMOHWUPOBAHUS MOXKET
3aIllycKaTh TPOIECCHl anonTo3a, W, Kak CIEICTBHE, HapylieHHe (DYHKIMOHUPOBAHHS
CHHIMTHOTPO(0OIaCTa, YTO MOXKET MPUBECTH K HEAOCTATOYHON MHBA3MU TpodobdiacTa u
norepu OepeMeHHOCTH. bajaHc Mexay mpolieccaMu anonTo3a W npoiudepanuy UMerT
pemaroniee 3Ha4YeHHWE JUIsl MOJUIep)KaHMsT OEpEeMEHHOCTH, W HapyIICHHE HUX PEryJsiuu
MOXET TIPUBECTH K ee MoTepe B MepBoM TpuMecTpe. Warner cuurain, 4To ITUHAMUYECKHHA
OamaHc cKopocTed 00pa3oBaHHMS HOBBIX KJIETOK M allONTo3a SBISIETCS BHYTPEHHHM
(akTOpOoM BBEDKHBAHUS SMOPHUOHOB [76].

Tpanchopmupyrommii GakTop pocta UrpacT MOAYIUPYIONIYIO POJIb B POCTE IUIOJA.
Uzyuenne OepeMEHHBIX B TMEPBOM TPHMECTpE IMOKa3aio BbIcokMe ypoBHH 1GFB2 B
neprudeprueckoil KpoBH mpu OEPEMEHHOCTH C BHYTPUYTPOOHOW 3aJEp)KKOH pa3BUTHA
[77]. Y KeHmIMH CO CHOHTaHHBIMH abopTamu Obul BbIsiBIeH jgepunur 1GFB B
JenuayaabHOl o0omouke [68]. B aMHMOTHYECKOH KUIKOCTH TIPH MPEIKIAMIICHH TTOKa3aH
BeIcOKui ypoBenb TGFB1 [78]. Cpenu ussectHbix noimmopdusmos reda TGFB, nsa
SNP 869T>C u 915G>C B 3k30He¢ | NPUBOIAT B pe3ysibTaTe K aMHUHOKHUCIOTHBIM
3ameHaMm B kogoHe 10 (Leu-Pro) um xomone 25 (Arg-Pro), COOTBETCTBEHHO, U CBSI3aHBI C
MOBHIIICHHBIM ypoBHeM Oeika reHa TGFBL1 B ceBoporke kpoBu [79]. TTonmumopdusm
Arg25Pro xoppemupyer ¢ IPHBBIYHBEIM HEBBIHAIIMBAHUEM cpeau skeHiuH Tyauca [80].
Hamu He OBUTIO BBISBICHO ACCOIMAIIMU JIAHHOI'O MOJUMOP(U3Ma C HEBBIHAIIUBAHUEM
OepeMeHHOCTH B IIEPBOM TPUMECTPE Y KeHIMH T. PocroBa-ua-J{omy [81]. Linsingen ¢
KOJIJIEraMU TakKe He BbIIBHIIM accoruaimu kak 915G>C monumopdusma rena TGFB1,
Tak u 8697>C mnoiaumopdu3mMa ¢ HEBbIHAIIMBAHMEM OEPEMEHHOCTH Y IKCHIIUH
Opasuibekoii momyssiuu [82]. Amani ¢ xosreraMu He ObLTO TAKXKE TOMYyYEHO 3HAUMMBIX
pasnu4Mii IS KESHIIWH CO CIIOHTaHHBIMU abopTaMu roxkHOro MpaHa o noinuMopdbuzmam
Arg25Pro, LeulOPro u Thr263lle [83]. Omnako TGFB1 paccmarpuBaercst Kak OIUH W3
OCHOBHBIX PEryJIATOPOB JUISI MOHHMTOPHHTA KOJHMYECTBA PETYIATOPHBIX T-KIETOK,
KOTOpBIC HIPAIOT PEIIAIOIIYI0 POJb B MOJJIEPKAHUU (DU3UOTOTHIECKUX HMMYHHBIX
peakinuidi W, KpoMe TOro, OOECIeYMBAIOT MATEPHHCKYIO TOJIEPAHTHOCTh K OTIIOBCKHM
aHTMTeHaM 1ioaa. [lodToMy ero 3HauMMyH0 pojb B MpoIeccax MOJICPIKAHS
OCepEeMEHHOCTH HENb3s1 HCKITIOYATh.

BblTo TMOKa3aHO, YTO y JKEHIIMH C CAMOMPOW3BOIBHBIM BBIKHIIBIIIEM H/WIU C
3amepireii OepemenHocThio B | Tpumectpe konmeHnTparms Oenka VEGF B ceiBopoTke
KPOBH CHIDKAeTCsS B 2 pa3a IO CpaBHEHHIO C HOPMallbHOW OepeMeHHOCThI0. B reHe
VEGFA mmpoxo uzydaembl 4 monuMmopdHbIX caiita: -2578C>A4, -1154G>A, -634G>C,
936C>T. Yacrora amnens -//544 y XeHOWH ¢ TpeMs M 0oiee caMOmpOU3BOIBHBIMU
BBIKHJIBIIIIAMA B aHaMHE3€ JIOCTOBEPHO BBINIE, YeM B TPYIIE KOHTPOJs. Y CTaHOBIICHA
Takke accounanus nonumopousma 936C>T1 rena VEGF ¢ prckom pa3BuTHs NPUBBIYHOTO
HEBBIHAIIMBAHUSA OEpEMEHHOCTH. Tak y MaIlMeHTOK C MPUBBIYHON MoTepel Imioaa
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renotunsl 936CT u 936TT Bcrpewatorcss B 1,5 pasa wame, yeM B Hopme [84]. s
-634G>C mnonuMopdpu3mMa TMOKa3aHa CBS3b C IOBTOPHOM TOTepeld OepeMEeHHOCTH
HesicHoro reresa [85], momuMopdusm ycumuBaer skcnpeccuto rena [86]. TTo maHHBIM
JPYTUX WCCIICOBAHUN acCOLMAIUsS TaHHOTO MOJIMMOp(du3Ma ¢ morepeir 0epeMEHHOCTH B
nepBoM TpumeTrpe oTrcyrctByer [87, 88]. Hama paGora Takke Imoka3ajga OTCYTCTBHE
acconuanuu -634G>C nonuMopdu3mMa ¢ HEBHIHAIIMBAHHEM OEPEMEHHOCTH B IEPBOM
tpumectpe [81].

Sun ¢ xosteraMu MpoBeNW MeraaHanu3 ctareit mo craenytommM SNP rena VEGFA:
-2578C>A, -460T>C, -1154G>A, -634G>C, 398G>A, 497G>A, -583T>C u 936C>T.
Tonbko mns -1154G>A u 936C>T Obula moka3aHa CTATUCTUYECKH 3HAYMMasl CBS3b C
MOBTOpHOM moTtepeit OepemenHoct B | u Il Tpumectpax. UHTEepecHO oTMETUTD, YTO I
-1154G>A 6blia moKa3aHa accolMalys st eBporneon 1o, a 1t 936C>T miis BOCTOYHBIX
asmatoB [88]. Yalcintepe et al cpaBuuIM reHoTHIIBEL IO U MaTepu. B pe3yinbraTe 3TOro
nccaenoBanus Obu10 BhIBiAeHO: remotun 405GG, 936TT, 460CT u 460TT y mooma
YBEITUYHUBAIOT PHUCK CIOHTAHHOIO IpephiBaHus OepemenHocTH. [lomumopdusm VEGFA
-2578C>A He ObL1 npu3HaH (PaKTOPOM PUCKA CIIOHTAHHOM MOTEPH OCPEMEHHOCTH B 3TOM
uccnenoBanuu [89]. g MEKCHMKAHCKUX >KCHIMUH HE OBUIO BBISBIICHO aCCOIHAIIIH
nonmumopdusmoB  -2578C>A, -1154G>A, 405G>C, -7C>T rema VEGFA ¢
npeskmamncuet  [90]. Hamm Obita  BBIABIIEHA CTAaTHCTHYECKH 3HAYUMAas CBS3b
noiumopdusma -2578C>A ¢ norepeit 6epemennoctu B | Tpumectpe [81]. Jdanubiit SNP
pacIioIO)KEH B TIPOMOTOpPHON o06yacta, amwienb —25784 CBS3BIBAIOT C TOHM)XCHHBIM
ypOBHEM dKcnpeccuu reHa. Huskuii ypoBenb OenkoBbix npoaykroB VEGFA mpuogut k
HEIOCTaTOYHOMY KPOBOCHAOKEHHIO (DETOILIAIEHTapHOro Komiuiekca. OHAKO PsIoM
HccaenoBaTene He HalIEHO KOPPEISIHUHA 3TOro MOIMMOP(H3Ma ¢ IMOBTOPHOM IMOTepeit
OepeMeHHOCTH B TiepBoM Tpumectpe [85, 87, 88] JlaHHBIe TPOTUBOPEUNBEHI TaKXKe U IS
Opyrux (pyHKIMOHATBHBIX moiamMopdusmoB reHa VEGFA -1154G>A, 936C>T [20, 85,
87, 88].

3AK/IIOYEHHUE

@axTopel pOCTa HAYMHAIOT CEKPETUPOBATHCS VYK€ HA CTaJAWU OJACTOIHCTHI,
MTOIrOTAaBIMBAsl SMOPUOH M 3HIOMETPUN K WMIIaHTanuu. llpaBuinpHOE MOmeInpoBaHUe
COCYOUCTBIX pEaKIU{ MNpPHUBOAUT B JajbHEHIIEM K HOPMalbHOM IUIALICHTAllUH,
KpPOBOCHAOXKEHHIO SMOpHOHA, a Takke ero pocty W paszutvio. SNP reHoB (akxTopoB
pocta MOTYT M3MEHSTh aKTHBHOCTh T€HOB M MOMU(IMKALHI0 OETKOBOTO MPOAYKTA, UTO
IIPH  BO3JEWCTBUM OIPENENEHHBIX YCIOBHH MOXKET TPUBOIUTH K TATOJOTHIECKOMY
TEUEeHUI0 OepeMEeHHOCTH W Jake ee TmpepbBanmio. JlaHHeie 00 accoruanmu
monuMOpGhU3MOB T€HOB (haKTOPOB POCTa MPOTHBOPEUMBHI, WX BIMSHUE HA MEXaHH3MBI
PEryIsuy KIETOYHOTO KA IO KOHIA He SICHO, YTO CBUAETENHCTBYET 00 aKTyaIhbHOCTH
JadbHEUIINX UCCIENOBAaHUI B 3TOM HaIPABJICHUH.
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ROLE OF GROWTH FACTORS IN MISCARRIAGE

Marakhovskaya T. A.

Southern Federal University, Rostov-on-Don, Russia
E-mail: tmarakhovskaya@mail.ru

This review is dedicated to the growth factors role in pregnancy. The growth factors
molecular-genetic characteristics, their participation in proliferation and angiogenesis, and
their role in implantation and placentation are considered.

Ketlinsky S. A. and Simbirtsev A. S. have identified the following families in the
growth factors classification: hematopoietic growth factors family, interleukin 1 and
fibroblast growth factor family, nerve growth factors superfamily, platelet growth factor
and transforming growth factors family, epidermal growth factor family, insulin-like
growth factors family. The molecular genetic characteristics some of this family are
considered in detail.

The attention to growth factors role in cell division is given. The PI3K/Akt pathway
activated by EGF-EGFR complex leads to transcription of c-Myc and cyclin D1, which
promote cell growth and proliferation. The IGF activates pathways leading to the
stimulation of proliferation and cell motility by binding to IGF1R subunits. They involve
mitogen-activated protein kinase, through the sequential Ras, Raf, MEK and ERK
activation. This increase cyclin D expression and promotes the passage through the
restriction site. MAPK signaling through performs the same TGFB, VEGF. The
phosphatidylinositol-3-kinase pathway mediated by the interaction PI13-K, PDK, Akt
kinases also leads to successful cell division. The TGFB inhibits both cyclin D-Cdk4/6
complexes and cyclin E/Cdk2 activities. The TGFB signals suppression leads to increased
activity of cyclin E-CDK2, and then to increasing of cyclin E levels. The VEGFA protects
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endothelial cells from apoptosis through the activation of p38MAPK without the
involvement of TGFB1.

The presence of TGFA and intracellular domain to EGF receptor at the 4 blastomeres
stage is shown. Intra- and extracellular domains to EGF, IGF1 and IGF1R receptor at the
8- and 14-cell stage are found. At the first week of pregnancy the cytotrophoblast cells
intensively express chorionic gonadotropin, which positively influences on angiogenesis
and VEGF expression. The maximum values of TGFB, EGF, FGF and IGF levels are
observed in placenta by the end of first trimester. It coincides with the abrupt increasing of
oxidative stress. The fetal capillary layer is expanded by branching from 9th to 23rd week
of pregnancy approximately. This period is characterized by high VEGF expression and
moderate PGF expression. The abrupt decreasing of the VEGF concentration is detected
from the 25th week until the end of pregnancy.

The changing of growth factors gene expression influence to the work of their
proteins and to the violation of proliferation and apoptosis. It can lead to disruption of
implantation and placentation. Disturbances of providing of embryo’s blood supply may
result in miscarriage in first trimester. The balance between the processes of apoptosis and
proliferation is crucial for pregnancy maintaining, and the violation of their regulation can
lead to miscarriage. Growth factors contribute to the pregnancy development and
progression at all its stages. They are ones of the fundamental participants in the
fetoplacental complex formation. The genes products are interrelated in the metabolic
pathways. The changing in their functioning can trigger an apoptosis processes and, as a
consequence, a disruption of the syncytiotrophoblast functioning, which can lead to
insufficient trophoblast invasion and pregnancy loss.

TGFB and VEGF play a key role in the implantation and placentation. The TGFB1 is
considered as one of main regulators for quantity regulation of regulatory T cells that play
a crucial role in maintaining physiological immune responses and, in addition, provide
maternal tolerance to fetal paternal antigens. Among known TGFB gene polymorphisms,
two SNPs (869T>C and 915G>C) in exon 1 result in amino acid substitutions in codon 10
(Leu-Pro) and codon 25 (Arg-Pro), respectively. They are associated with increased level
of TGFB in serum. The -2578C>A VEGFA polymorphism is located in the promoter
region. The -2578A allele is associated with the reduced level of gene expression. The low
level of VEGFA protein products results to the insufficient blood supply in the
fetoplacental complex. The connection of growth factors genes single nucleotide
polymorphisms and their expression with a pregnancy loss is shown on the basis of
domestic and foreign studies and own data analysis. Data on the association of growth
factors genes polymorphisms with pregnancy loss are contradictory, their influence on the
cell cycle regulation mechanisms is not completely clear. This shows the importance of
further researches in this area.

Keywords: growth factor genes, angiogenesis, apoptosis, miscarriage, fetoplacental
complex, gene polymorphism.
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MOP®OMETPUYECKUE XAPAKTEPUCTUKU KIETOK
DUNALIELLA VIRIDIS TEOD. B HAKOMUTEJIbHOW KYNbTYPE MPU
HEMPEPbIBHOM OCBELLEHUU U CBETO-TEMHOBbIX LIUKITAX

Mememmaesa O. A., bopoeros A. b.

DI'bYH «Hucmumym mopckux ouonozuueckux uccnedosanuii umenu A. O. Kosanescxkozo PAH»,
Cesacmononw, Pecnyonuxa Kpvim, Poccus
E-mail: olga.memetshaeva@mail.ru

IlpuBeneHs! NaHHBIE MO NCCICNOBAHMIO BIMSHHS (OTONEpHOAA HAa PENPOAYKTUBHYIO aKTHBHOCTH U
MopdomeTprueckie xapakrepuctuku pocra Dunaliella viridis Teod. mpu HakOMUTETBHOM KYJIbTHBHPOBAHUH
B YCJIOBHSX HEIPEPHIBHOTO OCBELICHHS M CBETO-TEMHOBBIX IMKIOB. YCTaHOBJIEHO, YTO CPEIHMI pa3Mmep
MHKPOBOJOPOCIIeH, HAXOMIIMINXCS B PEIPONYKTHBHOI (ase, B 1,2 pa3a Ooiblie IO CPAaBHEHHIO C KICTKAMH,
HaxXOMSIIUMUCS B BETETATHBHOM COCTOSIHMM. [IOKa3aHO, YTO MaKCHMajbHAas AOJS JEIIIIMXCS KIETOK Ha
JIMHEIHOM yuacTke cocTaBuiia 25 % TpH HENPEphIBHOM OCBEIIEHUH M 35 % TpH CBETO-TEMHOBOM DPEKUME.
VCTaHOBIIEHO, YTO K OKOHYAaHHIO 3KCHOHEHIMANBHOH (as3bl pocta cpenuue pasmeps! D. viridis B BoicoTy n B
IIMPUHY YMEHbBIIAINCh B 1,2 pa3a, a 0 OKOHYaHHMH JMHEHHOH (ha3sl pocTa KIETKH NMPHUOOPENH BEITSIHYTYIO
(bopMy B IByX BapHaHTaX IKCICPHMEHTA.

Knrouesvie cnosa: Dunaliella viridis, mioTHOCTh; YHCIEHHOCTH, BBICOTA M IIMPHHA KIETOK, JCICHHE,
HAKOMHUTEJbHAs KYIbTYPa, HEIPEPHIBHOE OCBEILEHHE, CBETO-TEMHOBOI PEIKUM.

BBEJEHHUE

Dunaliella ornocstcst k ximaccy Chlorophyceae m sBIstOTCS HMCTOYHHUKOM IIENOTO
psiia YHUKaJIbHBIX OMOJIOTMYECKH aKTHBHBIX BemiecTB. OHU MPENCTABISIOT MPAKTHUECKUN
WHTEpeC KakK MPOIYyLEHThl (-KapoTwHAa, OENKOB, JIMIHIOB M BUTAMHUHOB, a TakkKe Kak
00BeKT W3YYCHHS MEXaHU3MOB OCMOPETYJISIIINH, COJICYCTOWYMBOCTH u
Mopo3oycToitunBoctd [1-5]. Mx Gromacca MCHONb3yeTcs B Ka4eCTBE MHIIEBBIX JT00aBOK
[6].

Dunaliella viridis Teod. — nmmpoko pacrpocTpaHeHHBIH, JISTKO KYJIbTHBUPYEMBIH BUL,
oburaromuii B MOPSX W COJNEHBIX o03epax. Pasmepbl MHKPOBOJOPOCIU COCTABJISIOT
9-12 x 6-12 mkm [7]. KneTkn MOHATHOH CTPYKTYPBHI, SIUTHUIICOUIHOM, SUIICBUIHON HITH
IpyIIECBUIHOW (HOPMBI, C JBYyMs KI'yTHKaMH Ha anukajipHoMm koHie. s Dunaliella
XapaKTEepPHBI BEreTaTHBHBIN, OSCIIONBIN W TOJOBOW THIT Pa3MHOKEHUS, TIEPBEIN SBISIETCS
npeoOIaJaroniM, MPOUCXOAUT TPEUMYINECCTBEHHO B TEMHOTE MYTEM IONEPEYHOro
nenenus [8, 9]. OTcyTcTBHE TEIUTIONO3HOW W TIEKTUHOBOH OOOJIOYKM W HaJWYUE TOHKOU
OCCI[BETHON TPOTOIIIA3MATHYECCKOW MEMOpaHBI IO3BONSIOT PACCMOTPETh OPTaHEIUTbI
KICTKA TMpH IMTOKHHE3E, YTO JeNaeT MHKPOBOIOPOCIb XOPOIIMM OOBEKTOM JUIs
HCCIIEIOBAHMUS.
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MopdonapameTpsl KJIETOK MEHSIOTCS Ha TMPOTSHKCHHH KM3HCHHOTO —IUKIIA
MHUKpPOBOJIOPOCJICH MW 3aBUCAT OT pa3IMYHBIX YCIOBHH OKpyXarwuieil cpensl. B
JUTEpaType pSAJOM AaBTOPOB OTMEYEHO, YTO (POTOMEPHOJ OKa3bIBACT 3HAYUTEIHHOE
BJIMsHHE Ha (OpMy U pa3Mep KIETOK, CKOPOCTh pocTa U (HU3HOIOTHYECKOE COCTOSHHE
KyJbTYypbl, a HW3MCHEHHE MOP()OMETPHUYECKUX MAapaMETPOB SIBISCTCS  CICACTBHEM
MPHUCIIOCOONICHNsT KYNIbTYphl K BHemHUM ycioBusiM [10-13]. TlosTomy wmccrnemnoBaHue
Mopdodusnonorndeckux coicts monyssiuuu Dunaliella viridis seisiercst Heo6XxoxuMBIM
JUIs TIOHMMaHHsS IPOLIECCOB TMPHCHOCOOTICHHOCTH OJHOKJICTOYHBIX OPraHU3MOB K
YCIOBHSIM (oTOneproan3Ma.

B cBA3M ¢ 3THM [ENbIO JaHHOM pPabOThl SIBISUIOCH HCCIIEAOBAHUE BIIUSHUS
doTonepruoaa Ha PENPONYKTUBHYIO aKTUBHOCTh U MOP(OMETpHYECKUE XapaKTePUCTUKU
pocra Dunaliella viridis Teod. npu HakoOmWUTENbHOM KyJIbTHBUPOBAHHHU B YCIOBHSX
HEIIPEPHIBHOIO OCBEIICHHS U CBETO-TEMHOBBIX IIUKJIOB.

MATEPUAJIBI U METO/IbI

B wuccrnenoBaHMM MCIONB30BalM albrOJOTHYECKH YHCTYIO KYJIBTYPY BOJOPOCIH
Dunaliella viridis var. palmelloides Teod. — mrramm IMBR-5 m3 IIKIT «Komnekmus
ruipobuoHToB  MupoBoro okeanay @OI'BYH «HMHCTUTYT MOpCKHX OWOIOrHYECKUX
nccnenoBanmii umeHu A. O. Kosanerckoro PAH».

KYHBTI/IBI/IpOBaHI/Ie OCYIIECTBJIAJIN B HAKOIMUTEIbHOM PEXUME Ha MU TATEIIHLHON cpenc
Tpenkenmry [14]. BeipammBanue MHKPOBOJIOPOCICH MPOBOAWIN Ha J1abOpaTOPHOI
YCTAaHOBKE ISl  KYJIBTHBHPOBAHMS HHU3MIMX aBTOTpodoB [15] B  CTEKISTHHBIX
(dbuTobmopeakTopax IUIOCKOMAPAIIICTIEHOTO THIIA O00BEMOM 3 J1 ¢ TOJIIMHOW CIIOS
KYJIBTYPHI 5 ¢cM. B KOHTpOJIILHOM BapHaHTe BBIPAIMBAHUE TPOXOMIIO MTPH HEMPEPHIBHOM
OCBECIIICHUH, B OIBITHOM BapHaHTE — B YCJOBHSIX CBETO-TeMHOBOTrO peknma 20 9 : 4 4
(cer : TemHoTa). OCBEIICHHOCTh padouell MOBEPXHOCTH KyJIbTHBATOPOB paBHsuach 10
kJIk, Temmepatypa B cBemioe Bpems — 25-27 °C, B TemHoe Bpems — 24-25°C.
WHTEHCHBHOCTh OCBEIIEHHS HAa TOBEPXHOCTU KYJIBTYPhI PETHCTPUPOBAIN OJHOKPATHO
npu momontu Jrokcmerpa FO-116, ¢ morpemmHocTteio He Oomee 5 % OT u3MepsIeMoit
BEJIMYMHBI. B mpoliecce BhIpammBaHusl KyJIbTypy HEMPEPhIBHO 0apOOTHPOBAIN BO3IYXOM
C MOMOIIHI0 KOMIIPECCOPHOH YCTAHOBKH.

OT160p mpod MPOBOIMIICS €KETHEBHO B Hadalle W KOHIIE TEMHOBOTO TIEPHOA, B IBYX
noBTOopHOCTSX. [lepen orGopoM Mpod JTOBOAMIN YPOBEHb CYCIICH3MH B KyJIbTHBATOPE JIO
METKH JUCTHIUTMPOBAHHOW BOJIOH JJIsi KOMITEHCAIIUU UCTIapeHUsl. M3Mepsi ONTHYECKYIO
IDIOTHOCTh Ha ¢orodnekrpokomopumerpe KPK-2 mpu mmuae BomHel 750 HM, B
CcTeKITHHBIX KioBeTax 0,5 cMm.

AbcomotHo cyxoit Bec (ACB) Berumcisim, ucrmonb3ys Kod(hUIHMeHT mepexona oT
onTHYecKoi mrotHocTr k = 0,8 r/i en. onr. 1., ACB = k x Dys [16].

VY aenbHas CKOPOCTh pocTa | B 3KCIIOHEHIIMATIBHON (hase paccunTaHa mo dhopmye:

—_ . M (t-ty, )
B=B, e , "

rie Bin — Gmomacca B Havalne SKCIIOHEHIIUATHHON (a3bl tin,
MakcuMaibHyl0 TPOAYKTHBHOCTh KYJIBTYPhl MHKPOBOZOPOCIEH ONpENensuia 10

dhopmye:
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B=P,xt+B,, (2)
rae B — 6uomacca, mr - 1%, P — MakcHUMasIbHas IPOXYKTUBHOCTb, MI' + T - 4™ t — Bpems,
4.; Bo — Ouomacca B Hauvase auHEHHON (asbl pocra, T. €. mpu t = to.

N3meHenne yaenbHOM CKOPOCTH POCTa CO BPEMEHEM PACCUUTHIBAIIN |

PI’T'I Pm
u ==, (3)
B B +P, -(t-t)
BpeMsl YABOCHHUsI OMOMacChl onpeaensin mno gopmysne [17]:

_In2
u 1

rJie | — y/lenbHas CKOPOCTh JeNeHHs, CyT

(4)

2

YHCIIeHHOCTh  MOMYJISIIMU  TIOACUUThIBaIM B Kamepe [opsieea BKI'-4 [18],
MOpQOMETPHUECKHE H3MEPEHHs] MHUKPOBOAOPOCIEH MNpoBOAWiIN Ha MuKpockorne Carl
Ceiss Axiostar Plus npu ysemmuennu *x630. V3amepsiii BBICOTY U HIMPHUHY KJICTOK B
MOHAJIHOM COCTOSIHUH U B (pa3e jeneHusl.

CTaTUCTHYECKYI0 00pabOTKY JaHHBIX BBIIOIHIA C TOMOIIBIO CTaHIAAPTHBIX
nporpaMMHBIX TakeTroB Microsot Exel. PaccuurteiBanu cpemnue apudmerndeckue (X),
CTaHIApTHbIE OTKJIIOHEHHs (S), omMOKYy CpegHel, IOBEepUTEIbHBIE WHTEPBAJIBl I
cpenuux (A X). Bce pacuers! npoBomumm ajist ypoBHS 3HauuMocTH o = 0,05. B Tekcte u
rpadukax TpencTaBIE€HBl CpPEAHWE 3HAYEHWUS W PACCUMTAHHBIE J[OBEPUTEIHHBIC
uHTEpBaHI (X £A X) [19].

PE3YJIbTATBI 1 OBCYKIEHUE

B xozme HaKONUTENBHOrO KyJIbTUBHPOBaHUSA IPOLYKTUBHOCTH PM, MakcumaibHas
o6momMacca MM # COOTBETCTBYIOMAS IKCIIOHCHIIMAIBHON (Da3e ymenpHas CKOPOCTh pocTa
KyJIbTYpbl [ B YCIOBHAX HEIPEPHIBHOIO OCBEIICHUS U CBETO-TEMHOBBIX IMKJIOB,
CYIIECTBEHHBIM 00pa30M HE OTJIMYAINCh. YeIbHAs CKOPOCTh POCTA IO YHCICHHOCTH
KIeTok coctaBmna 0,67-cyTku” B KOHTpoNbHOM M 0,69-CyTKH™™ B OIBITHOM BapHaHTE.
[IpomomKnUTeNnbHOCTD IKCITOHEHITHATBHON (ha3bl POCTa IO MIOTHOCTH U PENpOTYKTUBHOM
aKTUBHOCTH KyJIbTypbl HaOmofamach ¢ 1 mo 5 CyTKH 3KCIIEpUMEHTa, IOCTOBEPHBIX
OTJIMYNi He 00HAPYKEHO

OTMeueHO, YTO MPONODKUTENIBHOCTh JIMHEHHOM (Da3bl pocTa MO YHMCIICHHOCTH KIETOK
IIpU TIOCTOSHHOM OCBEILCHWH OKa3ajach IIOYTH B JBa pasza ponbwe. I[lpu 3ToM
MakCUMajlbHas  NPOAYKTUBHOCTh  INPH  CBETO-TEMHOBOM  PEXHME  COCTaBHIJIA
0,19-10° xm-mmtcyrku?, uro B 1,6 pa3a BEIIle, 4eM B KOHTPOIBHOM BapHaHTE
(0,12-10° k- “-cyTiu™®). OTCYTCTBHE CYIIECTBEHHBIX PA3IMUMil HA SKCTIOHEHIIHAILHOM H
JUHEHHOM Yy4YacTKE IO IUIOTHOCTH KyJbTYypbl A JBYX BapHaHTOB SKCIEPUMEHTA,
BEPOSITHO, CBSI3aHO C OTHOCUTEIBHO KOPOTKUM MPOMEKYTKOM TEMHOBOTO pexkuma (puc. 1).
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ACB, r/n

dase cocraBmio 1,0 cyr™ ams AByX BapHaHTOB onbITa. Ha JIMHEHHOM ydacTKe OTMedaercs
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Puc. 1. JlunaMuka IJIOTHOCTH M YHCIEHHOCTH Kierok D. viridiS B HakomurensHOM
KyJIbType TP HETPEPHIBHOM OCBEIIEHUH TTPpH (A) U cBeTO-TeMHOBEIX nukiax (b)

PaccuntanHOoe MO YHCIIEHHOCTH KIJIETOK BpeMsl yABOCHHUA (2 B BKCHOHGHHHaHBHOﬁ

MOHOTOHHO€ YBCIIMYCHHUEC BPEMCHU MJIMUTCIBHOCTH BereTaTUBHOMI cTaauu. TaK,
OKOHUYAHHIO JIMHEHHOM (a3bl pocTa BpeMst FeHepaluy MPH KPYTrIIOCyTOYHOM OCBEIICHUU U
CBETO-TEMHOBOM PEKHUME YBEIIMUUIIOCH B 5,8 U 4 pa3a COOTBETCTBEHHO.

Knerxkn B craaun aeaennn, %

A

6 8 10 12 14 16 18

Bpewms, cyT.

Knerkn B craguun aeaennn, %o

20—

15 -

10

oo

10 12
Bpewms, cyT.

14

16

18

Puc. 2. lunamuka gonu kiaetok D. viridis B pempogyKTUBHON CTaauu HA JTMHEHHOM
y4acTKe IIPH HEMPEepHIBHOM OCBelleHUH (A) 1 cBeTo-TeMHOBBIX Iukiax (b)
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Ha npotsbkennn nmuHelHOH (as3bl pocta 0TMEYaaoch U3MEHEHHE (PU3NO0TOTHIECKOrO
coctosaus momynsiuu D. viridis, compoBoxaarorieecss OTCIaHBaHUEM MPOTOILIACTA OT
KJIETOYHOH 000J0YKH, TOTEPEH KIYTUKOB U CIIOCOOHOCTH K aKTHBHOMY JABHXeHUIO. Tak,
KOJIMYECTBO MHKPOBOJOPOCIICH, HAaXOJSIIMXCS B PENPOAYKTHBHOH (aze, K cepenuHe
JUHEHHOr0 ydYacTKa YBENMYWIOCH B 3 pasa, a K Haydally CTallMoHapHOW (a3l pocra
yMEHBIIWIOCH B 4 paza. MakcuMmanbHasi A0S JCSAIIUXCS KIETOK TPH IMOCTOSHHOM
OCBEIIICHUH U CBETO-TeMHOBOM pexkume coctaBuia 25 = 0,01 u 33 £ 4 % coOTBETCTBEHHO
(puc. 2). MOXHO OTMETUTH, YTO YBEIUYCHUE JOJIH MHKPOBOAOPOCICH, HAXOMAIIUXCS B
CTagiM JICNICHHUS, BEPOATHO, CBSI3aHO C WM3MEHEHHEM NPOAYKTHBHOCTH, TaKKe
YBEITMYUBAIOIICHCS B CEpeArHE IMHEHHOTO yuacTka pocta [20].

Anamu3  MOpQOMETpPHYECKMX  MapaMeTpoB  IMOKaszajl, YTO K OKOHYAaHHUIO
IKCIIOHEHIIMANIbHOM (ha3bl pocta cpemHue pasmepbl D. viridiS B BbICOTy ¥ B HIMPUHY
yMeHbIIAIKCh B 1,2 pa3a B IByX BapHaHTaxX dKCIIEPUMEHTA.

[To mocTwxeHUH JUHEHHOW (ha3bl B KOHTPOJLHOM BapHaHTE MEpPBBIE 2-€ CYTOK
OTMEYaJICSl POCT CPEHEro pa3Mepa MUKPOBOIOPOCIEH B BBICOTY W B MpuHY B 1,1 pasa.
[Mocnenyromye cyTkH BbBICOTA KIETOK HAXOMWJIACh HAa OJHOM W TOM JK€ YpPOBHE, U
cocraBuia 11,8 + 0,3 MKM, cpenHsis ke MUpUHA HA JTHHEHHOM y4acTKE YMEHBIINJIACh B
1,1 pa3a. B onbITHOM BapuaHTe pocT cpenHero pasmepa D. viridis kak B BbICOTY, Tak U B
NIUPUHY OTMEYascsi Ha MPOTSHKEHUU 7-MH CYTOK, 4TO B 1,2 pasa BbIIIE 110 CPABHEHHIO C
HaJajoM JUHEWHOro yJacTka (puc. 3).

A b
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Puc. 3. I3meHenune BbICOTHI M IMpUHBI KieTok D. ViridisS B HakKomuTeNnbHO# KyIbType
IIPY HEMIPEPHIBHOM OCBEIIEHUH (A) 1 CBeTO-TeMHOBHIX ITuKIax (b)
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Puc. 4. VI3MeHeHue BHICOTHI U IIUPUHBI KieTok D. viridis B BereraTHBHOM COCTOSHUU
Y B CTaJWU JEJCHHS Ha JTMHEHHOM Yy9acTKe pOCTa MpW HEMpEephIBHOM OcBemieHnH (A) U
CBETO-TeMHOBBIX IuKIax (b)

AHamusupys u3MeHeHHs MopdomapaMmerpoB kierok D. viridis, maxomsmmxcs B
BEreTaTUBHON W PENPOAYKTHBHOW CTAAMSIX Ha JMHEHHOM Y9acTKe pocTa KyJabTypsl (6—17
CYTKH), MOKHO OTMETHUTh, YTO CPEIHUN pasMep ACIAIINXCS MUKPOBoaopociei B 1,2 pasza
BBIIIIE, YEM B BETCTATHBHOM COCTOSIHUH (pHC. 4).

Cpenusis BbICOTa W MIMPUHA JENSAIMINXCS KIETOK B 000OMX BapHaHTaX HAXOIWJIACh Ha
omHOM ypoBHEe M coctaBmima 14+0,8 x 11,7+0,7 mxm B koHTpombHOM m 13,9+0,5 x
11,7+£0,4 Mxm B ontbITHOM BapuaHTe. CpemaHHi pa3Mep MUKPOBOIOPOCTICH B BETETaTUBHOMN
CTaIWW TakXe CYIIECTBEHHBIM o0pa3oM He ommmdaincsi u cocraBun 11,6+0,5 x
9,8+0,6 MxMm 1 11,5+0,6 x 9,7+0,5 MKM COOTBETCTBEHHO.

B mpenpinymmx nccieoBaHUSX HaMH OBUIO BBIICHEHO, YTO COOTHOIIEHHUE MEXITY
OroMaccoil M YMCIEHHOCTHIO KIIETOK Ha MPOTSHKEHUN JTMHEHHOW (a3sl pocTa HAa OJHOM U
TOM JK€ YpOBHE CBHJETEIhCTBYET 00 OTCYTCTBHM HW3MEHEHHWH CpPEIHUX pa3MepoB
KyJIbTYpbl MEKPOBOJIOPOCIEH Ha JaHHOM ydacTke [21].

OTMeueHo, 9TO Ha MPOTSHKEHUH SKCIOHEHITHANBHON (asbl pocta pazmepst D. viridis
JOCTOBEPHO YMEHBINIAJNCHh B JBYX BapHaHTaxX OMbITa. B SKcroHeHIManpHOU (hase mois
KPYITHBIX KJIeTOK (0T 14 MKM B BBICOTY M OT 13 MKM B mIUpHHY) YMeHbIIMIach oT 20 1m0
2 %, cpennux pazmepoB (9—14 mkMm B ymHY 1 8—13 MKM B IIMPHHY) yBEIHUMIACh Oosiee
gem Ha 10 %, a goms menkux (10 9 MKM B INHHY U 10 8§ MKM B IIUPUHY) YBEIUYHIACH B
2,5 paza.

[TomoGHBIE W3MEHEHUS TeTepOreHHOCTH pa3MepoB MUKPOBOJOPOCIEH
CBUJICTETILCTBYIOT O TMPOUCXOIANIMX TEepeMeHaX WHAWBUAYAIHLHOTO BO3pAcTa KIIETOK C
rpeo0IajaHueM COMIEPIKAHUS «MOJIOJIBIX», €Ille HaXOJISAIIUXCS B CTauK pocTa (puc. 5 u 6).
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Puc. 6. 3amenenue mmpunsl kierok D. viridis mpu HenpepbiBHOM ocBerieHud (A) u
CBETO-TEMHOBBIX HKIaxX (b)

Ha npotsbkennn nuHeiHo# (a3sl koaudyectBo D. viridis cpennux pasmepoB B IBYX
BapHaHTaX OCTABAJIOCh HEM3MEHHBIM, B TO BpeMs KaK YHCIIO «MEJIKHX)» COKPAaTUIOCH B 2
pa3a. B xome skcnepumeHTa ObUIO BBISIBIEHO, YTO IIPH IIOCTOSHHOM OCBEILIEHMM Ha
MIPOTSHKEHUH JIMHEHHOU (hasbl pocTa MMpHHA KIETOK YMEHbIIantach B 1,2 pasa, B TO Bpemst
KaK JJIMHA OCTajach HEM3MEHHOW. IIpu 3TOM B KyJIbType CO CBETO-TEMHOBBIM PEXHUMOM,
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HaApOTUB, HA JIMHEHHOM y4YacTKe LIMPHHA KJIETOK OCTaBaJlach HEU3MEHHOH, B TO BpeMs
KaK JJIMHA yBeIu4uiach B 1,2 pasa.

CrnenoBaTenbHO, Ha JTUHEHHOM YYacTKe B JIBYX BapHUaHTax ONbITA MUKPOBOJOPOCIH
npuobpenu BHITAHYTYIO (opmy. [lomoOHble M3MeHeHHS (QOPMBI KIETOK CBOWCTBEHHBI
pony Dunaliella, B 3aBucuMocTH OT yCi0BHiA Cpe/bl.

3AK/IIOYEHUE

UccnenoBanne D. viridiS mpu HaKOMUTENTBHOM KyJIbTUBHPOBAHUU B YCIOBHUSX
HETIPEPHIBHOIO OCBEILICHUSI W CBETO-TEMHOBBIX IMKJIAaX II0Ka3ajlo, YTO OTCYTCTBUE
CYILIECTBEHHBIX PA3IMYMil B JIByX BapUAHTaX OINbITA MO IUIOTHOCTH KYJIBTYpPbI, BEPOSTHO,
CBSI3aHO C OTHOCHTEILHO KOPOTKMM MPOMEKYTKOM TEMHOBOro pexuma. [Ipu 3tom
MaKCUMaJIbHAs TIPOJAYKTUBHOCTh 110 YMCICHHOCTH KJIETOK TPH CBETO-TEMHOBOM PEXKHUME
okazaynach B 1,6 pasa BbIllle, 4eM IPHU MOCTOSHHOM OcCBelieHHH. OTMEUEHO, YTO CPeIHUI
pasmep MUKpPOBOJIOPOCIIEH, HAXOAAIIMXCS B PENPOAYKTHBHOH (ase, B 1,2 pa3a Gosbliie 1o
CPaBHEHHIO C KJIETKaMH, HaXOJSIIMMHUCS B BEreTaTHBHOM COCTOSHHH. [loKa3aHO, 4TO
MaKCHMallbHAsl JIOJIS JEISIIMXCS KICTOK Ha JIMHEHHOM ydacTke cocrtaBuwia 25 % mnpu
HEIIPEPBIBHOM OCBEIIEHHU U 35 % IpH CBETO-TEMHOBOM pPEKHME. YCTaHOBIECHO, YTO K
OKOHYAHHUIO IKCIOHEHIIHAIbHOM (ha3el pocta cpemnue pa3mepsl D. viridis B BeicoTy 1 B
MUPUHY YMEHbIIANMWCh B 1,2 pa3a, a 0 OKOHYAHWH JIMHEHHON (as3pl pocTa KIETKH
npruoOpeNy BBITSHYTYIO (OPMY B IBYX BapHaHTaX dKCIIEPUMEHTA.

Paboma ewvinonnena ¢ pamxax eocsadanus @I'BYH UMBHU, mema Ne 0828-2018-
0004.
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MORPHOMETRIC CHARACTERISTIC OF CELLS MICROALGAE
DUNALIELLA VIRIDIS TEOD. IN BATCH CULTURE UNDER CONTINUOQUS
ILLUMINATION AND LIGHT-DARK CYCLES

Memetshaeva O. A., Borovkov A. B.

A. O. Kovalevsky Institute of Marine Biological Research RAS, Sevastopol, Russia
E-mail: olga.memetshaeva@mail.ru

Data on the effect of photoperiod on reproductive activity and morphometric growth
characteristics of Dunaliella viridis Teod. are presented in batch culture under conditions
of continuous illumination and light-dark cycles.

An experimental study showed that absence of significant differences in the
exponential and linear segment by culture density for the two variants of the experiment is
probably related to the relatively short interval of the dark regime. The specific growth
rate for the number of cells was 0.67-10° cellsml™*-day® in the control and
0.69-10° cells'ml™day™in the experimental option. At the same time, the maximum
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productivity by the number of cells under light-dark conditions was 1.6 times higher than
under constant illumination.

The time of doubling g2 in the exponential phase calculated for the number of cells
was 1.0 day™ for two variants of the experiment. In the linear segment, a monotonous
increase in the duration of the vegetative stage can be noted. Thus, by the end of the linear
growth phase, the generation time at 24-hour illumination and light-dark mode increased
by 5.8 and 4 times, respectively.

During the linear phase of growth, a change in the physiological state of the D. viridis
population was noted, accompanied by exfoliation of the protoplast from the cell wall,
loss of flagella and the ability to actively move. Thus, the number of microalgae in the
reproductive phase increased by 3 times at the middle of the linear section, and by the
beginning of the stationary phase of growth decreased by 4 times. The maximum
percentage of dividing cells under constant illumination and light-dark mode was 25 and
33 %, respectively.

Analyzing the changes in the morphoparameters of D. viridis cells in the vegetative
and reproductive stages on the linear part of the culture growth (6-17 days), it can be
noted that the average size of dividing microalgae is 1.2 times higher than in the
vegetative state.

In the course of the experiment, it was found that during the exponential phase of
growth, the cell sizes decrease reliably in the two variants of the experiment. The
proportion of large cells (from 14 pm in height and from 13 pm in width) decreased from
20 to 2 %, medium sizes (9—14 um in length and 8—13 um in width) increased by more
than 10 %, and the proportion of small (up to 9 microns in length and up to 8 microns in
width) increased by 2.5 times. Such changes in the heterogeneity of the size of microalgae
indicate the changes in the individual age of cells with a predominance of "young", still in
the growth stage.

It was noted that under constant illumination during the linear growth phase the cells
width decreased by 1.2 times, while the length remained unchanged. Moreover, in culture
with light-dark mode, on the contrary, the width of the cells remained unchanged on the
linear section, while the length increased by 1.2 times. Consequently, in a linear segment
in two variants of the experiment, the microalgae acquired an elongated shape. Similar
changes in the shape of cells are characteristic of the genus Dunaliella, depending on
environmental conditions.

Keywords: Dunaliella viridis; density; number; height and width of cells; division;
batch culture; continuous lighting; light-dark mode.

References

1. Masyuk N. P. Morphology, taxonomy, ecology, geographical distribution of the genus Dunaliella Teod.
487 p. (Scientific thought, Kiev, 1973)

2. Ben-Amotz A., Shaish A. and Avron M. Mode of action of the massively accumulated, p-carotene of
Dunaliella bardawil in protecting the alga against damage by excess irradiation, Plant Physiol, 91 (3),
1040 (1989).

3. Borovkov A. B. Green microalga Dunaliella salina Teod. (review), Ecology of the sea, 67, 5 (2005).

121



Mememuwaeea O. A., bopoekoe A. b.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Tran D., Louime C., V0 T., Giordano M., Portilla S., Doan N., Tran D., Mai T. and Bui L. Identification
of Dunaliella viridis using its markers, International journal of applied science and technology, 3 (4), 118
(2013).

Bozhkov A. I., Menzyanova N. G., Kovaleva M. K. and Pyatak N. I. Growth of Dunaliella in “ideal"
conditions retains annual variability of biochemical features, Universal journal of plant science, 2 (2), 31
(2014).

Ladygina L. V. Microalgae as fodder objects of the larvae of mussels and oysters: Abstract. dis. cand.
biol. sciences, 24 p. (Sevastopol, 2007).

Masyuk N. P., Posudin Yu. l. and Lilitskaya G. G. Photo movement of Dunaliella Teod. cells
(Dunaliellales, Chlorophyceae, Viridiplantae), 264 p. (Academic periodicals, Kiev, 2007).

Los D. A., Zakhleder V., Kuptsova E. S., Ksenofontov A. L., Markelova A. G., Shapiguzov Yu. M. and
Semenenko V. E. Effect of the spectral composition of light on the replication of chloroplast DNA and
the division of chloroplast nucleoids of green alga Dunaliella salina, Physiology of plants, 37 (2), 1045
(1990).

Desnitsky A. G. Cellular cycles and DNA synthesis in dinoflagellate cultures, Cytology, XXX (9), 1035
(1988).

Shushanashvili V. I. and Semenenko V. E. Influence of light-dark periods and light intensity on
photosynthesis, growth of biomass and division rate of autotrophic euglena cells, Physiology of plants, 32
(2), 323 (1985).

Avsiyan A. L. Dynamics of the density of culture and dissolved organic substances in the cultivation of
microalga Dunaliella salina under conditions of light-dark mode, Bul. Nikit. Botan. Gard, 11, 21 (2014).
Melnikov S. S., Samovich T. V., Manankina E. E. and Budakova E. A. Influence of the alternation of
light and dark periods on the productivity of Spirulina (Arthrospira) platensis (Nordst.) Geitler, Algology,
22 (2), 121 (2012).

Srirangan S., Sauer M., Howard B., Dvora M., DumsJ., Backman P. and Sederoff H. Interaction of
temperature and photoperiod increases growth and oil content in the marine microalgae Dunaliella
viridis, PLoS ONE, 10 (5): e0127562, URL.: https://doi.org/10.1371/journal.pone.0127562 (2015).
Trenkenshu P. P. Growth and photoenergy characteristics of marine microalgae in dense culture:
Abstract. dis. cand. biol. sciences, 28 p. (Krasnoyarsk, 1984).

Trenkenshu R. P., Lelekov A. S., Borovkov A. B. and Novikova T. M. Unified installation for microalgae
laboratory studies, Issues of modern algology, 1 (13), URL.: http://algology.ru/1097 (2017).

Borovkov A. B. Dynamics of pigments and growth of marine microalgae in a chemostate by the example
of Dunaliella salina Teod.: Abstract. dis. cand. biol. sciences, 31 p. (Sevastopol, 2008).

Trenkenshu R. P. The simplest models of microalgae growth. 1. Periodic culture, Ecology of the sea, 67,
89 (2005).

Sirenko L. A. Methods of physiological and biochemical study of algae in hydrobiological practice,
247 p. (Scientific thought, Kiev, 1975).

Lakin G. F. Biometrics: Educational book for biol. spec. universities - the 4th edition, 352 p. (Higher
school, Moskow, 1990).

Trenkenshu R. P., Lelekov A. S. and Novikova T. M. Linear growth of marine microalgae in culture,
Marine biological journal, 3 (1), in press (2018).

Maltseva O. A. Morphometric characteristics of cells of microalga Dunaliella viridis in batch culture,
Issues of modern algology, 1 (13), URL: http://algology.ru/1137 (2017).

122


https://doi.org/10.1371/journal.pone.0127562
http://algology.ru/1097
http://algology.ru/1137

VYuensre 3ammcku Kpsimckoro ¢enepansHoro yansepeutera mmenu B. 1. Bepranckoro

Buonorust. Xumust. Tom 4 (70). 2018. Ne 2. C. 123-132.

YK 612.886

PA3BUTUE CNEUNATTU3NPOBAHHbBIX HABbIKOB KOOPAMHALIMA
BANAHCUPOBOYHbIX OBWXEHUA Y OETEU MNAQLWEO LWWKOJNbHOIO
BO3PACTA

Hacaesa E. U., bupwkoea E. A., Yepnotii C. B., Bracosa B. B., Kyckeeuu T. B.

Taspuueckan akademusn (cmpykmypnoe noopazdenenue) @PIrA0Y BO «Kpvimckuii ghedepanvhoiii
yHusepcumem umenu B. H. Bepnaockozo», Cumepepononv, Pecnyonuxa Kpovim, Poccusn
E-mail: enagaeva75@mail.ru

Crarbsi paccMaTpHBaeT BIUSHHE OMONOrHYECKOl 0OpaTHOM CBSI3M IO CTAOMIIOMETPUYECKHUM ITapaMeTpaM Ha
CIOCOOHOCTH K MOIEP)KaHUIO paBHOBecHs y ManbunkoB 10 siet. MccienoBanue BBISIBIIIO, YTO JBHTATEIIBHO-
KOTHHUTHBHAs AWHaMHYecKasi Ipoda OKa3bIBaeT MOJIOKUTEIBHOE BIMSIHUE Ha MOCTYPajbHYIO YCTOWYMBOCTH
MITQJIIHAX IIKOJTEHUKOB.

Knrouegvie cnosa: crabuiomerpus, ocTypalibHasi yCTOHYUBOCTD, OMonorndeckas ooparHas csizb (BOC) mo
CTaOMIOMETPHYECKIM TTapaMeTpaM, MM IIKOIBHBIN BO3pacT.

BBEJIEHUE

B nmocnennee BpeMst MHOTHE FICCTIEIOBAaHUS TIOCBAIIEHBI H3yYEHNUIO TPEHUHIOB B BH/IE
YIpPa)XHEHUI B BUPTYaJIbHOM peajbHOCTU HA pPaBHOBECHUE JUISI PA3BUTHS MOCTYpajbHOMN
ycrounBocTH [1-3]. Iloutm BO BCEX HCCIENOBAHUSAX CACNAH BBIBOMA, YTO IpOrpaMma
BHPTYaJbHOTO TpEHHHra OajaHca C WCIOJIB30BAHHEM KOMITHIOTEPHON TEXHUKH U
peaduIuTannoHHOr0 000pyIoBaHusl sBisieTcst ) (OEKTUBHBIM METOIOM ISl YIYYIICHUS
QUHAMAYECKOTO WJIM CTaTHdeckoro Oamanca [3]. Bmecre ¢ TeM IpaKTHYECKU
OTCYTCTBYIOT JKCIIEPHMEHTANbHBIE PAa0OTHI, CBA3aHHBIE C H3YYCHHWEM ITOCTYPaIbHOTO
OamaHca y JeTei MIIJIIEro MIKOJIFHOTO BO3pAcTa M BIUSHUS Ha (DYHKIMIO TOIEPIKaHUS
paBHOBecus Omojormdeckor obOpatHort cBs3u (BOC) mo  crabmiIoMeTpHYeCKUM
mapamerpamM. Tak Kak MJIaIIIAIA ITKOIBHBIA BO3PACT SBJISETCS CEHCUTUBHBIM TIEPHOAOM B
Pa3BUTHH KOOPAWHAIMOHHBIX CIOCOOHOCTEH, JeTadbHOE W3Y4EeHHE IIOCTYpajJbHOTO
Oamanca u 3¢pdexrnBHOCTH TprMeHernst BOC 1o cTabuioMerpuveckuM mapaMerpam y
IeTeil 3TOro Bo3pacTa HE TOJMBKO MO3BOJHUT IPOBECTH OIEHKY W IIPOTHO3 Pa3BUTHA
KOOPJAWHAIMOHHBIX CITOCOOHOCTEH, HO U MOXET cTaTh A (EKTUBHBIM CITIOCOOOM Pa3BUTHS
CrocoOHOCTEH K TTO/Iep >KaHII0 PAaBHOBECHSI.

Lenpro Hamiero wmccienoBaHus OBLUIO M3YyUEHHE BIHMSHHE OMONOTHYECKOH oOpaTHOI
ces3u (BOC) mo crabmimomMerprueckuM MapaMeTpaM Ha CIIOCOOHOCTh K TMOJIEPKaHHIO
paBHOBecUs y MaIbuUKOB 10 Jer.
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MATEPHUAJIBI U METO/JIbI

Hccnemosanue npoBoAuinock B Aexkadbpe 2016 roma ma 6aze MBOY COIIl Ne 2
r. Cumdeporionis ¥ LleHTpa KOJIJIGKTHBHOTO TOJIb30BaHMS <« ODKCIECPUMEHTAIbHAS
¢usmonoruss u Ouodusuka» Taepuyeckoit akagemun OIAOY BO  «KpbiMckuii
(dhenepanbHbIil yHHUBepcuTeT UMeHu B. U. BepHazckoro.

O6cnenoBanbl 2 rpymmbl mo 10 gerei — ywaniuxces 5 kimaccoB. B rpymmy 1 Bouumm
neru B Bo3pacte 10,02+0,3 e, KOTOPBIM €KETHEBHO B TCUCHHE 5 THEH yueOHOU Hemenu
MPOBOAWIM IBYX(a3HBI TecT — MoAuduuupoBaHHy0 mpody Pombepra (30 cekyHn c
OTKpBITBIMKM Ti1a3aMd, 30 CeKyHJ C 3aKpbhITBIMHA IJa3aMH) Ha CTaOMIOMETPHYECKOM
miatpopme ST-150. Bo 2 rpynny Bomwim 10 nereéi B Bospacre 10,03+0,2 jer, c
KOTOPBIMH TIOCJI€ ©KEIHEBHOrO IpoBeAcHUs JAByx(pasHoro tecta PombOepra Ha
CTaOMIIOMETPUYECKOH IUIaTopMeE B TEYEHHE 5 [HEH MPOBOAUIM JBUTATEILHO-
KOTHUTHBHBIN TECT, peaju30BaHHBIN B BHJC JUHAMHUYECKON MPOOBI, KOTJla UCIIBITYEMOMY
npeajiarajoCb B TCHCHUC 5-tn MHHYT CMEIIaTh METKY Ha 3KpaHC MOHHUTOpPA, CBA3aHHYIO C
MIPOEKI[HEH IIEeHTpa JaBJIEHHWsS Ha CTaOMIOMETPHUYECKOW IIaTdOpMe B COOTBETCTBHH C
IIpOorpaMMOH, 3aJaHHOM Ha SKpaHe MOHUTOpA [2], ITocje Yyero y Hux IOBTOPHO IIPOBOIUIIN
nmpody PomOepra. ILlenpio IBUTaTEIBHO-KOTHUTHBHONM JUHAMHYECKOH TIpoObI Oblia
TPEHUPOBKA MOCTYPaJbHONH YCTOMYMBOCTH METOJAOM OHMOJIOTHMYEeCKOW OOpaTHOH CBSI3U IO
cTabuaomerpudyeckuM rmapamerpaMm. OT poauTesiell BCEX HCHBITYEMbIX ObLIO IOIYYEHO
J0OPOBOJILHOE COIJIACHE HAa YYaCTHUE B HCCIICIOBAHMSIX.

HccnenoBanus MPOXOAUIIN C MCIIOIb30BaHUEM CEPTH(DHUIIMPOBAHHOTO 3JIEKTPOHHOTO
crabumomerpuueckoro ycrpoiicta ST-150 (TY 9441-005-49290937-2009), mmeroriero
METPOJIOTHYECKYI0 aTTecTaruio (CBUACTENHCTBO 00 YTBEP)KICHHUM THIIA CPEICTB
mmepennit RU.C.28.004.A Ne 41201) 1 BHeCEHHOT'O B TOCYAapCTBEHHBIN PEeCTp CPEICTB
HM3MEPEHUH, a TaKXKe JIMLIEH3MOHHOro mporpammuoro obdecneuenus STPL (OO0 Mepa-
TCII, r. MockBa). B xome wcciemoBaHHsl PErHCTPUPOBAIMCH OCHOBHBIC ITOKA3aTEIN
cTabuIOrpaMMBl, B yacTHOCTH JutiHa (L, MM), ruromams (S, MM?) CTaTOKHHE3HOrpaMMBbI 1
pabora (A, /) mo mepemeniennto obmero neatpa masiaeaus (OL[/l) B MI0CKOCTH OMOPHI
u koddpoumment Pombepra (KP, vyem en.). lleasio aBUTAaTEIHHO-KOTHUTHBHON
TUHAMHYECKOW TpoObI OBLIA TPEHUPOBKA TOCTYPAIBHOM YCTOWYMBOCTH METOIOM
OMOJIOTHYECKON 00paTHOM CBS3H IO CTAOMIIOMETPUICCKHUM ITapaMeTpaM.

st MmatemaTudeckol 0o0pabOTKH (aKTHUECKOTO MaTepHayia HCIOIh30BajICsS IaKeT
mporpamMm  STATISTICA 5.0. Jlns aHanw3a MONYyYSHHBIX JaHHBIX TPUMEHSUIACH
CTaHIapPTHbIE METOABl BapHAIIMOHHON CTATUCTHKH: MEpPaMH LEHTPAIBHBIX TEHICHIIUH,
WUTIOCTPUPYIOIUMHI  BBIPAXKEHHOCTh HMCCIEAYeMBIX TMPU3HAKOB, BBICTYIAIH 3HAYCHUS
CpPEeIHEeT0 W CTaHHApTHOW OmuOku cpegHero. Jis BBISBIEHUS BHYTPHUTPYIIIOBBIX
pasmuunii MPUMEHSITH KpuTepruid BUIKOKCOHa 1Sl 3aBUCHMBIX BBIOOPOK, JUTS BBISBICHUS
pa3Inuuil MEXIy UCCIEAYEMBIMU IPyIIaMu IPUMEHSIICS KpuTepuid MaHHa — YUTHH.

PE3YJIbTATBI U OBCYXJIEHUE

B pesynbrare mpoBEnNEHHOTO HCCIENOBAHMS OBUIM BBIABICHBI BHYTPUIPYIIIOBHIE
pa3nuuMs uccieqyeMbIX MoKa3aTelnei, 3Ha4eH!s] KOTOPbIX IpencTaBiieHbl B Tabiuue 1.
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Tab6anuna 1
JocToBepHocTh pa3nuyunii mokasaresneid mpoosr PomOepra B 1 1 2 rpynme miagmmnx

HIKOJBHUKOB Mexk1y 1 u 5 n1HeM 00ci1e10BaHus

I'pynma 1
1 mensn 5 neHp
Hccnenyembrit moka3aTenb X£Sx X£Sx P
/1Ha CTaTOKMHE3MOIPAMMBI C OTKPBITBIMU 303,16+43,90 | 406,18+54,04 | 0.027
rinazamu (Lo), Mm
JlJIMHA CTaTOKUHE3UOTPAMMBI ¢ 3aKPBITHIMH 389.10458,12 | 537,56492,33 | 0,115
rinasamu (L3), MM
[Tnomanb CTaTOKI/IZHe3I/IOFpaMMLI C OTKPBITBIMU 231 8047100 |486,204152,85| 0027
razamu (So), MM
[Tnomanp CTaTOKI/ZIHe3I/IOFpaMMLI C 3aKPBITBIMU 403,83+238,75(656,66+319,79| 0,248
rmazamu (S3), MM
Pabora 1o mepemernieHuio o0Iero neHTpa
nassienus (OL/]) B I0CKOCTH OIOPHI ¢ 2,17+0,58 3,78+1,08 | 0,027
OTKPBITHIMHU Tia3amu (Ao), [Ix
PaboTa o nepemMerieHuo o0IIero meHTpa
nasneruns (OLLJ]) B III0CKOCTH OITOPHI C 3,62+0,95 7,72+3,46 | 0,115
3aKpbITEIMU T1a3amu (A3), [Ix
Koaddurment Pombepra (KP), yei. ex. 170,66+18,051181,66+23,94] 0,916
I'pymma 2
JlITnHA CTaTOKMHE3NOTPAMMBI C OTKPBITHIMH 422,20+89,49 | 316,78+39,50 | 0,046
rimazamu (Lo), MM
JlTMHa CTaTOKMHE3NOTPAMMBI C 3aKPBITHIMH 500.50+100,18/583,14+165.62| 0.224
rimazamu (L3), MM
[1omans CTaTOKI/;He3I/IOFpaMMLI C OTKPBITBIMA 237 76261,34|132,84428.22 | 0,115
rirazamu (So), MM
[ommans CTaTOKI/ZIHeEXI/IOFpaMMLI C 3aKPBITBIMA 366,75+148,77|623,08+321.21| 0,074
rimazamu (S3), MM
PaboTa 1mo mepeMenieHnto ooIero meHTpa
nasienns (OL/]) B I0CKOCTH OIOPHI ¢ 4,87+2,20 2,56+0,53 | 0,046
OTKPBITHIMHE Tia3amu (Ao), [k
Pabora 1o mepemMenieHuio o0IIero meHTpa
nmasienus (OL/]) B miockocTy ormopsr ¢ 6,59+2,78 9,97+5,27 | 0,345
3aKpBITEIMU T1a3amu (A3), [Ix
Koadpdurmment Pombepra (KP), yen. ex. 139,83+11,42]202,33+£28,09 0,027
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B 1 rpymme oOcinenyeMbIX IIKOJIRHUKOB B TEYCHHWE S JHEW o00ciIenoBaHUs
HaOJIFOIAIMCh CTaTUCTHYCCKH 3HAYMMBIC W3MEHEHHs IoKasatenell mpoOsl Pombepra c
OTKPBITHIMH TJIa3aMH, TaK, B TEPBBIA JCHb JJIMHA CTATOKHMHE3MOTPaMMbl COCTaBUIIA
303,16+43,90 MM, a Ha 5 HeHb STOT MOKaszaTenb yBenuumica Ha 33,98 % u coctaBmi
406,18+54,04 mm (p<0,05). ILmomaap CTaTOKMHE3MOIPAMMBI TaKXe YBEIMUWIACH HA
5 nenp ¢ 231,80+71,09 mm? no 486,20+152,85 mm? Ha 109 % (p<0,05). IToxa3aTens
paboThI IO TIEPEMEIICHUIO O0IIEro I[EHTPa JABJICHHUS B IJIOCKOCTH OMOPBI ¢ OTKPBITHIMU
IJIa3aMH B TIEPBBIN JIeHb oOcienoBanus cocrtaBua 2,17+0,58 [k, a k 5 mHIO yBenHuMiICs
no 3,78+1,08 [x Ha 74,19 % (tabn. 1, puc. 1). C 3aKphITBIMH TJIa3aMH HCCIIEITyEeMbIC
rmokasatesid mpoObl PoMmOepra He MMENIM CTaTUCTHYECKH 3HAYUMBIX OTJIMYHH, Tak, B 1
JIcHb 00CJIeIOBaHMs JUIMHA CTaTOKMHE3HMOrpaMMbl coctaBumia 389,10+£58,12 MM, a Ha 5
neHs  yBenmmumiack Ha 38,15 % mo  537,56+92,33 MM (p>0,05), turomans
CTATOKMHE3MOrpaMMbl Bo3pocna Ha 62,6 % (p>0,05) ¢ 403,83+238,75 mm® 0
656,66+319,79 Mm? Ha 5 neHb O6CIENOBAHHSA, MOKA3aTelh PabOTHI 1O TEPEMEIIEHHIO
(OLT) BeIpoc Ha 113,25 % (p>0,05) ¢ 3,62+0,95 JIx mo 7,72+3,46 Tk (tabm. 1, puc. 1).

250 B 1aeHb
* 5 AeHb
200
*
150 * —
\Q\D
100 | —
50 —
0
Onuna Mnowankb Pabota no
CTAaTOKMHE3MOrpamMmmbl CTaTOKMHEZMOrPammbl nepemeweruo OLLO

Puc. 1. [lunammka mokasarenei mpoObl PomOepra ¢ OTKPBITBIMH TJIA3aMH,
BBIp@KEHHAs B MPOIICHTaX M3MEHEeHWuH B 1 u 5 aeHb oOclienoBaHMs, Y UCCIETyeMbIX |

rpymst (* — p<0,05)

[lony4yeHHble  pe3ynbTaTbl  CBUICTENBCTBYIOT O  CHIDKEHMM — IIOKa3aTenen
MOCTYpajbHON YCTOHYMBOCTH B | TpymIe IKONFHUKOB K KOHIYy pabodedl Hemenmu. JTo,
BO3MOJKHO, BBI3BaHO T€M, UTO IpoIiecc MpeOpBaHms peOeHKa B IIKOJIE B TEUSHHUE yUeOHOI
HEeIeNMu MPHUBOAUT K CHIDKEHHIO [OpOra IICHXO3MOLIMOHAIBHOIO BO30YKIEHUS,
CHIJKCHHIO TTOKa3aTeNnell OCHOBHBIX IMCUXWYECKUX (YHKIHMHA M ABUTATEIbHON aKTUBHOCTU
[4]. Cunraercs, 4to mOgOOHBIC U3MEHEHHS CBSI3aHBI C BBICOKHMM YPOBHEM KOIHUTHBHOW
HAarpy3kd M OCOOCHHOCTSIMH MHKPOCOLMAIIBHOIO OKpyXeHHus [5], a Takke ¢
BBIHY)K/ICHHBIM IMOJICp)KaHHEM pexuMa JHs [6]. Yka3zaHHbIC BbIIIEC IPHYMHBI TPUBOJAT K
YCUJIGHUIO CIIOHTAHHOM, a HE€ IPOW3BOJIBHOM JBUraTEeIbHOM AaKTUBHOCTH, 4YTO
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XapaKTepU3yeTcsl MOBBINICHHEM YPOBHS KOPKOBOT'O BO30YXKJICHUS Ha (JOHE CHUIKCHHS
3¢ (hEeKTUBHOCTH pElIeHNsT KOTHUTHBHBIX 3amad [/]. B cBoo ouepenp, MaHHBIA BHJ
JBUTATEIBHON aKTUBHOCTH MPUBOIUT K CHCHH(PUUESCKOMY H3MCHEHHIO B BOCIPHUSITHU
OKPYIKaIOIIEro MPOCTPAHCTBA, YTO XaPAKTEPU3YETCsl CHUYKCHUEM BOCIIPUSATHS PACCTOSHUS
U, KaK CJeJCTBHE, CHIDKEHHEM KOHTPOJISI 3a MOJOKEHHEM Tejla B pocTpaHcTae [8].

Bo BTOpoOi#i rpymnme MKOILHUKOB Mocie mpoBeaeHus: npodsl Pombepra u bOC mo
CTaOMJIOMETPUUYCCKIM TapaMeTpaM B TedeHHe S5 aHell mokazatenu mpoObl Pombepra c
OTKPBITBIMHU TI'JIa3aMU UMCIIN CTATUCTUYCCKU 3HAYMMbBIC U3MCHCHUS. TaK, B HCpBI)II\/'I JCHb
JUTMHA CTATOKMHE3UOTPaMMBI C OTKPBITHIMU Ii1azaMu coctaBuia 422,204+89,49 mm, a Ha 5
JIeHb ATOT TOKa3zaTens yMeHbImmiIcs Ha 24,96 % u cocraBmi 316,78+£39,50 mm (p<0,05),
IUIOMA b CTATOKHHE3MOIPAMMBbI YMEHbBIINIACh Ha 55,87 % (p>0,05) ¢ 237,76+61,34 mMm?
10 132,84428,22 mm?, a mokasaTesnb paboTHI O MEePEMEIICHUIO O0IIEro MEHTPa JaBICHUS
B IUIOCKOCTU OIIOPbI C OTKPBLITBIMU TJla3aMHU B HepBBIﬁ JCHb OGCJ’IG}IOBaHI/IH COCTaBUJI
4,87£2,20 JIx, a ¥ S5 aHiO yMmeHbunwica a0 2,56+0,53 [k wa 47,43 % (p<0,05)
coorBercTBeHHO (Tabi. 1, puc. 2). C 3aKpbITBIMH IJIa3aMU HCCICIyEeMbIE IMOKa3aTeln
npoObl PomOepra He HWMeENM CTaTHCTUYECKHM 3HAYUMBIX OTJIMYWi, Tak, B 1 JeHb
o0cCIIeI0BaHMs JUIMHA CTaTOKMHE3norpaMMbl coctaBuia 509,50+109,18 mm, a Ha 5 neHb
yBenmumiace  Ha  14,45%  mo  583,14+£165,62 wmm  (p>0,05), t1uomanb
CTAaTOKMHE3MOrpaMMbl Bo3pocia Ha 69,89 % (p>0,05) c¢ 366,75+148,77 Mm? 0
623,080+321,21 Mm? Ha 5 jeHb OOCIEIOBAHHSA, MOKA3aTedh PAGOTHI 110 TEPEMEIIEHHI0
(OLT) BeIpoc Ha 51,28 % (p>0,05) ¢ 6,59+2,78 Jx m0 9,97+5,27 JIx (tabm. 1, puc. 2).

120 M 1 aeHb
5 neHb
100
80 *
X 60 - *
40 - —
20 - —
¢]
Onvna Mnowanb Pabtota no
CTAaTOKUHEIMOrPammMbl CTaTOKMHE3IMorpammel  nepemetwterHuo OLLA

Puc. 2. Jlunammka mokazateneid mpoObl PomOepra, BeIpakeHHass B TPOLIEHTaX
u3MeHeHu# B 1 1 5 nenp obcnenoBanus, y ucciaeayemsix 2 rpymimbsl (¥ — p<0,05)

[lony4yeHHble pe3ynbTaThl CBHUICTEIBCTBYIOT 00  YIy4IIEHHHM IOKa3aTenel

MOCTYpajbHOH yCTOMYUBOCTH BO 2 TPYIIE MIKOJIBHUKOB K KOHIY pabodeld Hememu. ITo
BBI3BAHO TEM, 4YTO MCIONb3yeMas IUHAMU4ecKas TpeHHpoBka 1o Merony BOC ¢
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BH3yalu3alieil epeMelieHusl [IeHTpa JaBJeHUsl Ha 9KpaHe MOHUTOPA B TIEPBYIO OYepeab
TPEHUpPYET BU3YalbHYIO CHCTEeMY KOHTpoinsi OanmaHca, a B Bozpacte 9—11 mer y nmereit
MOCTypajibHasi YCTOMYMBOCTh B 3HAUMTEIBHOM Mepe (PYHKIMOHAJIBHO OIOCpEIOBaHa
3pHUTEIbHBIM KOHTpONIeM [9].

B pesynbraTe mMpoBENEHHOTrO HCCIECAOBAHUS OBUTM BBISBICHBI BHYTPUTPYIIOBBIC
pazmuuns  kodddunmenra Pombepra (KP), 3HaueHHs KOTOpPBIX MpEICTaBICHBI B
tabmune 1. Tak, B 1 Tpymnme MIKOJbHUKOB Ha S5 JeHb OOCIEIOBaHUS JOCTOBEPHBIX
m3meHenuii KP mo cpaBHenuto ¢ 1 mHem oOHapykeHO HE ObLio (Tadm. 1, puc. 3). Bo 2
rpyIie MKOIBHUKOB Tocie npoxoxkaeHuss BOC mo crabuinomerpudeckuM mapameTpam
(mmHamuveckas mpoba) MO CPaBHEHHWIO C TIEPBBIM JHEM J3TOT TOKa3aTelb JOCTOBEPHO
m3menwics ¢ 139,83+11,42 yen. en. o 202,33+28,09 yen. en. (p<0,05) 1. e. Ha 44,69 %
(tabm. 1, puc. 3).

160

B 1 peHb
140 5 AeHb

Mpynna 1 Mpynna 2

Puc. 3. lunamuka koadduimenta PomOepra, BbipaxkeHHas B MPOILEHTaX M3MCHEHUI
B 1 1 5 menp obcienoBanms, y HCCIEAyEeMbIX | 1 2 TPyl MITaIIIAX ITKOTFHUKOB

VY Milagmmx HIKOJIBHUKOB IIOCTYpajibHasl YCTOWYMBOCTh OIOCPENOBAHA 3PUTEIbHBIM
koHTposieM [9], uro xapakrepusyercsi (YHKIMOHAIBHOW HE3PEIOCThIO B3aMMOCBS3CH
MEXIy BeCTHOYISpHOW U IeHTpanbHOW HepBHOW cucremamu [10]. Kosddumuent
PomGepra konM4yecTBEHHO OmpenensieT COOTHOLICHHWE MEXKAY 3PUTENBbHOH U
MIPONIPHOPEIENITHBHON CUCTEMaMU B KOHTpoje Oajanca B OCHOBHOW croike [11].
VYBenmnuenne 3HaueHWH kodpdurnmenta Pombepra BoO 2 rpymme  obciemyeMbIx
LIKOJIBHUKOB ~ CBHJICTENBCTBYET O BO3pDACTAHMM BKIaJa 3pPUTENbHOW CHUCTEMBI B
moiiep KaHre TOCTYPaTbHONW YCTOWYHBOCTH B O0YCIIOBIEHO TeM, 4To mocpenctsom bOC
[0 CTaOMJIOMETPHYECKHM MapaMeTpaM TPEHHUPYEeTCs HMMEHHO BH3YyalbHasi cUCTEMa
KOHTPOIIS OaltaHca.
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Tabanna 2
JocToBepHocTh pa3nnumii mokasaresneii npoost PomOepra B 1 u 2 rpynne Muiagmux

IIKOJLHHUKOB B 1 1eHEL 00c/1e10BaHUSA

I'pymnma 1 I'pymnma 2 P1
Hccnenyembrit mokazatenb X£Sx X£Sx
JITiHa CTaTOKMHE3UOTPAMMEI C OTKPBITHIMU 303.16+43,90 | 422,20+89,49 | 0,016
rinazamu (Lo), Mm
JliHa CTaTOKMHE3UOTPaMMEI C 3aKPBITHIMH 389.10+58.12 |509.50+109,18| 0,075
rinasamu (L3), MM
[L1omans CTaTOKI/IZHe3I/IOFpaMMLI C OTKPBITBIMA | 5 1.80+71.00 | 237.76461.34 | 0.815
riazamu (So), MM
[L10mans CTaTOKI/ZIHe3I/IOFpaMMLI C 3aKPBITHIMU 403,83+238,75366.75+148,77| 0,627
rmazamu (S3), MM
PaboTa o nepeMenieHuto oomero MeHTpa
nasienus (OL/]) B I0CKOCTH OIOPHI ¢ 2,17+0,58 4,87£2,20 | 0,031
OTKPBITHIMH Tia3amu (Ao), [Ix
PaboTa o nepemMerieHuo o0IIero meHTpa
nasienus (OL/]) B I0CKOCTH OIOPHI ¢ 3,62+0,95 6,59+2,78 | 0,028
3aKpBITEIMU T1a3amu (A3), [Ix
Tabauna 3

JocToBepHOCTh pa3inumii moka3zareJieii npoosl Pom6epra B 1 u 2 rpynmne miaaamux

IIKOJbHUKOB HAa 5 1eHb 00c/Ie/I0BAaHUA

I'pymma 1 I'pymma 2 P2

Hccnenyemblii mokasarteib X£Sx X£Sx
JITMHa CTaTOKMHE3UOTPAMMBI C OTKPBITHIMU 406,18+54,04 | 316.78+39,50 | 0,035
rimazamu (Lo), MM
JITMHa CTaTOKMHE3UOTPAMMBI C 3aKPBITHIMU 537.56+92,33 |583.14+165,62| 0,770
riazamu (L3), MM
[Tnomanp CTaTOKI/IZHeEXI/IOFpaMMH C OTKPBITBIMU 486, 20+152,85| 132,84+28,22 | 0,011
rimazamu (So), MM
[Tnomanb CTaTOKI/ZIHeEXI/IOFpaMMLI C 3aKPBITHIMU 656,66+319,79|623,08+321,21| 0,730
rimazamu (S3), MM
Pabora 1o mepemMenieHuio o0IIero meHTpa
nmasienus (OL/]) B mockocTy ormopsr ¢ 3,78+1,08 2,56%0,53 0,131
OTKpBITHIMHE Tia3amu (Ao), [k
Pabora 1o mepemMenieHuio o0IIero meHTpa
nmasienus (OL/]) B mockocTy ormopsr ¢ 7,72+3,46 9,97+5,27 0,129
3aKpBIThIMU T1a3amu (A3), [Ix
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AHanmM3 MEXKIPYIIOBBIX PA3JIMYMiA BBISBUJ CTATUCTUYCCKH 3HAYMMYIO Da3HUILY
(p<0,05) B mokazarensax UIMHBI U pa0OThI MO MEPEMEIICHUIO OOIIET0 IIEHTPa JIaBICHUS C
OTKPBITHIMH M 3aKPBITBIMU TJIa3aMu B | JleHb oOcienoBaHus. Bo 2 rpyrmie mKOIbHUKOB
JaHHBIC TMOKa3aTead Obutk BhIme Ha 39,26 %, 124,42 % u 82 % COOTBETCTBEHHO IIO
CPaBHEHHUIO ¢ IepBOM rpymmoi (tadm. 2). Ha 5 neHp oOcienoBaHHs CTaTUCTHYECKH
3HauuMbiMu  (p<0,05) OBLIM pas3nuuus B TOKa3aTeNsAX B JUIMHE W IUIOIIAU
CTaTOKWHE3UOTPAMMBI C OTKPBITBIMH TJla3aMH, BO BTOpPOW TPYIIE HCCICAyEeMbIC
mokaszarenu ObuTH Hivke Ha 22,01 % u 74,5 % coorBercTBeHHO (Tabm. 2, 3).

Takum 00pa3oM, CHH)KCHHE YPOBHsS KOHTPOJS IMOCTYypalbHOro OajaHca Ha
MPOTSHKEHUU  HEACTH IIKOJIBHOrO OOydeHus B 1 Tpymme IIKOJIBHUKOB CBSI3aHO C
nporeccaMu  (yHKIIMOHAJILHOTO YTOMJIGHHS IICHTPAJIbHOM HEPBHOW CHUCTEMBI I10]1
BJIUSHHEM KOTHUTHMBHBIX HArpy30K M  COIHJIbHBIX (AKTOpOB, a TaKKe C
MPEUMYIIIECTBEHHBIM BJIMSIHAEM 3PHUTEIBHON CHCTEMBl Ha KOHTPOJb MOJIOKEHUS Tela y
JIeTell JTaHHOTO BO3pacTa. YBEIMYCHHE KOHTPONS MOCTYpPalbHOIro OajlaHca BO 2 Tpymie
obycnosneno BiausHueM BOC 1o crabuiioMeTpudeckuM TapaMeTpam ¢ BH3yalu3aluen
MepeMeIieHUs LICHTPa JABJICHHsI, HAlpPaBJICHHOM MMEHHO Ha TPEHUPOBKY 3PUTEIIbHOM
CHUCTEMbI KOHTPOJIS OajlaHca.

3AKIIOYEHUE

1. B 1 rpymme nereid, ¢ xoropoirt He mpoBoawics BOC mo craOumomerpudecKum
rapaMerpaM, AaHaJIW3 BHYTPUTPYIIIOBBIX pa3IM4yMid IIOJYyYEHHBIX pE3YJbTATOB
BBISIBUJI cTatucTrydeckn 3Haunmoe (p<0,05) m3aMeHeHne mokazaTenell MmocTypaIbHOH
YCTOMYMBOCTH,  BbIpakaBIleecs B  yBENWYEHWH  JUIMHBI W IUJIOMIA]U
CTaTOKWHE3NOTPaMMBI TIPU OTKPBITHIX Ta3ax Ha 33,98 % u 109 % cooTBeTcTBEHHO.
IlokazaTens paboOTHI MO TEPEMENIEHUI0 OOIIero IEHTpa NABJICHHUS B IUIOCKOCTH
oropsl yBenmuuwica Ha 74,19 % k KoHIYy y4eOHOM HeJeNnu, YTO CBHIETEIhCTBYET 00
YXYIIIEHUN CTaOMIBFHOCTH OajlaHca W OOYCIIOBJICHO MporeccaMy (PyHKIIMOHATBHOTO
YTOMJIEHHUS [IEHTPAIbHON HEPBHOIN CHCTEMBI O] BIMSHUEM KOTHHTHBHBIX HArpy30K
U COITMATBHBIX (PaKTOPOB.

2. Y wuccrmenyeMblx IIKONBHHUKOB 2 Tpynmnel mocie mnposenenus bOC 1o
CTaOMJIOMETpUYECKHM TIapaMeTpaM Ha TPOTSDKEHHH S5 CYTOK 0OCiemoBaHUs
HaOJFO/IATIOCh CTATUCTHUYECKH ngocTtoBepHOoe (p<0,05) yMeHbIIeHWE TOKa3aTemei
uHbl Ha 24,96 % W Tuomaan craToOKMHE3norpamMmbl Ha 55,87 % Tpu OTKPBITHIX
rJ1a3ax, a TakXke MoKa3aTenss padoThHl MO MepeMENIeHUI0 O0IIero NEeHTpa JaBICHUS B
miockoct oropel Ha 47,43 %. DTO CBUIETENBHCTBYET O TPEHHWPOBKE BH3YaIbHOMH
CHUCTeMbI KOHTpOJNsi OajaHca W yYIy4YIIEHWH CTaOWJIBHOCTH OallaHca B OCHOBHOU
crolike noj BausiHueM bOC.

3. AHamM3 MEXTPYNIOBBIX pa3Nidi Ha 5 A€Hb 00CIETOBAHUS BBISBUJI CTATUCTHUYECKH
3HaunMyr0  pasHuny  (p<0,05) B TokazaTens X B UIMHBI W IUIOMIAIA
CTaTOKMHE3NOTPaMMBI C OTKPBITBIMH TJa3aMd. BO BTOpOi TpyIIie HCCIenyeMbie
mokazatenu Opm HWwke Ha 22,01 % m 74,5 % coorBercTBeHHO. Pe3ynbpTarhl
MIPOBEJICHHOTO HCCIIEAOBAHUS CBHIETEIHCTBYIOT 00 3(P(PEKTHBHOCTH NPUMEHEHUS
BOC mno crabuiomerpudeckuM mapaMmeTpaMm Uil KOPpPEKLUHM IOoKa3aTenen
MOCTYpajbHON YCTOWYMBOCTH MIIAIIINX ITKOTLHUKOB.
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THE DEVELOPMENT OF SPECIALIZED SKILLS, COORDINATION,

BALANCE MOVEMENTS AMONG CHILDREN OF PRIMARY SCHOOL AGE

Nagaeva E. I., Biryukova E. A., Cherniy S. V., Vlasova V. V., Kuskevych T. V.

V. . Vernadsky Crimean Federal University, Simferopol, Crimea, Russia
E-mail: enagaeva75@mail.ru

Recently, many research works are devoted to the study of trainings in the form of

exercises on balance for the development of postural stability carried out in virtual reality.
However, there is practically no experimental work associated with the study of postural
balance and the influence of biological feedback (BFB) by stabilometric parameters on the
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function of maintaining the balance among children of primary school age. The aim of the
investigation was to study the effect of BFB by stabilometric parameters on the ability to
maintain balance among boys of 10 years.

There were 2 groups of 10 children each, pupils of 5th grades of primary school
examined. Group 1 included children aged 10.02+0.3 years, who daily performed the
Romberg test on a stabilometric platform. Group 2 consisted of 10 children aged 6.03+0.2
years, who were the subjects of the following studies: postural test (Romberg test),
followed by motor-cognitive dynamic test, and then again Romberg test. The research has
been carried out using a stabilometric platform ST-150 with software STPL.

The 1st group of testees showed a decrease in postural stability by the end of the school
week. The 2nd group of testees showed the improvement in the stability of the balance in
the main stance under the influence of BFB by stabilometric parameters. The analysis of
intergroup differences on the 5th day of the survey revealed statistically significant
difference (p<0.05) in the indicators of length and area of statokinesigram with open eyes. In
the second group the studied indices were lower by 22.01 % and 74.5 % respectively. The
results of the study indicate the effectiveness of use of BFB by stabilometric parameters for
the correction of postural stability among primary school children.

Keywords: stabilometry, postural stability, biological feedback (BFB) by
stabilometric parameters, primary school age.
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B crarbe aHanmu3upyercs €XeJHEBHOE W3MEHEHHE MOBEIEHHUS XUBOTHBIX 107l BO3AEHCTBHEM XPOHHUYECKOTO
HENpeICKa3yeMoro yYMEpPEHHOro cTpecca B 3-MHHYTHOM TecTe IlopconTa. YCTaHOBIEHO, YTO JMHAMHKA
BPEMEHH MMMOOMJIBHOCTU B TPYIIE «CTpeccy OiM3Ka K TOM, uTO HaOmrojanach paHee B HKCIEPUMEHTE C
OnokupoBanreM D-ogoOHBIX pelenTopoB rajonepyuaoiIoM: IPUCYTCTBYeT HadalbHbIi nepuoa (1-3 nuu),
MIepPHOJl BBIPAXKEHHbIX KoneOaHui mokasarens (4—15 mHu) u nepuon 3aryxanus (16-21 nuum). D10 MOXeT
rOBOPUTH 00 0011eM OHOIOrMYECKOM CyOCTpaTe PErMCTPHPYEMBIX IIPOLIECCOB.

Kniouegvie cnosa. nempeccus, XpoHMYECKMH yMepeHHBIH HempejckasyeMblil crpecc, Tect Ilopconta,
D2-perienTopsl, ranonepuaon.

BBEJIEHUE

Cornacao maaaeiM BO3, B Mupe okono 350 MIJUTHOHOB JTIOACH CTpaaeT aenpeccuei,
KOTOpasi MPUBOANUT K CEPHE3HBIM MPOOJIEMaM CO 3[I0POBBEM, SIBIISISICH TJIABHOM MPHYUHOMN
HETPYI0CIIOCOOHOCTH M OOIIEro yXy/IIIeHHUs] KauyecTBa JKU3HU HACENICHHS M0 BCEMY MUY,
OCTaBHB JAJIEKO IM033JW JHAa0ET, MUTPEHb, XKele30Ae(pUIMTHYI0 aHEMHIO, PacCTPOICTBa,
BBI3BaHHBIE YIOTPEOJIEHUEM AalIKOTOJS, TPEBOXKHOCTh, XPOHHYECKHE OONE3HH JIETKUX W
npounie  3a0oneBanus [1]. BaxkHOW  OCOOEHHOCTBIO  NEMPECCHHM  SBJISIETCS €€
YHHUBEPCAILHOCTh: OT HEe HUKTO HE 3aCTPaxOBaH, BHE 3aBUCHMOCTH OT Bo3pacta [2, 3],
pacsl [4], conmaneHoro cratyca [5] u mecta pabotsl [6, 7].

B coorBercTBHHM ¢ KJIaCCHYECKHMH IMPEACTABICHUSMH TJIABEHCTBYIOIIAS pPOJNb B
MaTopU3NOIOTHUECKNX  MEXaHH3Max JelpPEecCHd  MPHHAUISKHUT CEPOTOHHUHY H
HOpaJpeHalnHy, YTO [0Ka3aHO MHOTOUYHCICHHBIMH wuccienoBaHusmu [8—13]. Omraxo
ydgactue nodamuiHa B Pa3BUTHA W TEUEHUH TPEBOXKHO-JEMPECCHBHBIX PACCTPOHCTB
M3y4eHO He Tak moiHo [14].

XPpOHHYECKHI CTpPECC yXKE JIOCTATOYHO JAaBHO CTajl ACCOIMHPOBATHCA C PSIAOM
MATOJOTMIECKUX COCTOSHHN, TaKuWX, KaK OOJIe3HH CepJeYHO-COCYAUCTON CHCTEMBI,
sI3B000pa30BaHMe, IMOBHINICHHAS BOCHPUHUMYHBOCTh K WHQEKIMH, & TAKXKE IICUXUYECKHE
paccTpoiicTBa, Cpear KOTOPhIX MaHMKA, TPEBOXKHOCTh U nenpeccus [15]. Ha cerogusmmuumit
JIeHb yXe JOMOJTMHHO U3BECTHO, YTO XPOHUYECKUIN CTPECC SBIISAETCS OJTHON U3 OCHOBHBIX
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MIPUYMH BO3HUKHOBEHHS JAECTPECCHBHOTO CUHAPOMA, JJIs1 KOTOPOTO XapaKTEpHO HapylleHHe
HOPMaJIbHOTO (DYHKIIMOHUPOBAHUS LIEHTPaIbHON HodamuHepriudeckoi cuctemsl [16—19],
YTO NPUBOIUT K BO3ZHMKHOBEHHWIO TaKUX CHMIITOMOB, KaK AaHI€JOHUS, TPEBOXHOCTb,
Heo(hoOusl, CHUKCHUE JIBUTATEIbHON aKTUBHOCTH U T. XI. [20-23]. TloaTroMy XpoHHYECKHI
HENpEACKAa3yeMbIii YMEPEHHBIH CTPECC SBIACTCS HauOoJiee BATUJAHOW W IIMPOKO
UCIIOIBb3yEeMOIi MOJICIIBIO ICTIPECCUH Ha JKMBOTHBIX [24, 25].

B coBpemenHOll JmTepaType MPUCYTCTBYIOT YyOEAWTENbHBIE JOKAa3aTelbCTBA
BOBJICUCHHOCTH OMOPUTMOB B TaTOTeHE3 Jenpeccud [26—28] u Haauuusi PUTMHUYECKUX
M3MEHEHHH B MPOSBJICHUN CUMIITOMOB 3a0oneBanus [29-31]. B To jxe BpeMsi HaMH He ObLIO
00HapyKeHO PadoT, B KOTOPHIX ObI B IOJHOW MEpe M3ydajach TMHAMHKA JICIPECCUBHBIX
CHUMIITOMOB, OoJieeé TOro, METOIMYECKHH ammapar Ui MOJOOHBIX HCCIEOBaHUH B
JOKJIMHKKE JI0 KOHIIa He pa3paboraH. [103TOMy MBI IpeaiaraeM MCIONb30BaTh €XEJHEBHO
TpeXMHUHYTHBIH TecT [lopconTa Kak OMH U3 BAPUAHTOB JIsl pELICHUS TAaHHOW TPOOJIEMBI 1
CTaBHUM IIEJIbIO JIETAJIBHO MTPOAHAIM3HPOBATH MTOTyYEHHBIE PE3YIbTATHL

MATEPHUAJIBI U METO/IBI

OkcnepuMeHTHI poBeieHsl Ha 30 GecropoIHbIX Kpbicax-camiax mMaccor 200-250 T,
pasneneHHBIX Ha 3 BeIOOpKH. ['pynma «crpecc» (n=10) Ha mnporspkenmn 21 jgHS
MoJ[BEpraiach XpPOHHMUYECKOMY HEMpENCKa3yeMOMy yMepeHHoMYy crpeccy (Tabm. 1),
rpynme «crpecctraionepunom» (n=10) B Teuenwne 24 nueil (3 oHS mpenBapUTENBHOTO
BBeieHUs) exenHeBHO B 10:00 BBOOUMIM BHYTPHOPIONIMHHO CEJIEKTUBHBIA OJOKATOp
D>-nmono6uBIX perenTopoB ramonepuaon (Mocxumdapmmpenaparsl uM. H. A. Cemaniko,
Poccus) B mose 2,5 mr/kr [32], pa3BeneHHBIA B Gu3pacTBOpe, a KOHTPOIbHOH (n=10) —
(hu3pacTBOp B aHAJIOTMIHOM O0BEME.

Tab6auma 1
ILan cTpecc-mpoToKoOJIa
Henens 1 Henens 2 Henens 3

1 5 9

3 10 11

6 4 4
Ctpecc 8 11 8

7 2 6

9 3 7

2 5 1

Ipumeuanue:

1 — mpembsiBieHNe 3BYKOB XUIIHUKOB (30 mMuH.); 2 — Genbrit mym (80 ab, 2 4.); 3 — mummesast
nenpuBarms (14 4.); 4 — ynanenne noncTuiku u3 kietku (14 4.); 5 — BKIFOYEHHWE OCBEIIEHUS B
HOYHOE Bpemsi; 6 — BKI/BbIKI sipkoro ocsemienust (1000 mokc) anem kaxkapie 20 MuH. (2 4);
7 — TpeaBABIICHHEe HOBOTO HEM3BECTHOrO 00BEKTa B momainHei kierke (14 4.); 8 — orpannuenue
JIBUTATENbHON akTUBHOCTH (1 9); 9 — momcakMBaHWE B JOMAITHIOK KJIETKY APYTHX KpPbIC (2 1T,
1 gac); 10 — Bomuas nenpusarws (14 4.); 11 — nepenacenenwne (14 4.).

Crpecc-cTuMynnbl  OBUTM TIPEABSABICHH B TONYCIYyYalHOM TOPSAKE ABAXKABI 3a 21-ITHEBHBIH
MEPHO/I, 32 UCKITIOYCHHEM BOIHOMN JIEMPUBALIUK, TPUMECHSIBILICHCS JHIIb OTHAMIBI.
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Hauunas ¢ 4-ro nHs 3KcniepuMeHTa MOBEJACHHUE KUBOTHBIX €XKEIHEBHO HCCIE0BAIN
B Tecte Ilopconra uepes 30 MuH. mocie HMHBEKIMHA. YCTaHOBKAa JaHHOIO TecCTa
MpeAcTaBiIsAeT co00i MPO3payHblil UIMIIMHAP U3 OprCTEKIa BHICOTOW 45 ¢M U JuaMeTpoM
20 cm (HIIK «OrtkpeiTass nHayka», Poccus). Hwmmuap 3amomHsuin Ha 2/3 Bogoi
temneparypord +22+1 °C. JIUTENBHOCTh TECTUPOBAHUS — 3 MHHYTHI (YKOpPOUCHHAas
npouenypa) [33, 34]. PerucrpupoBanuch cleayrone NoKa3aTean: IMMOOMIIBHOCTS (C),
iaBanue (c), KIUMOMHT (C), a Take TPYMHUHT M OTpsixuBaHHs (IIT.). JlocTOBEpHOCTH
pazmuuMii  MeXIy ~TpyINInamMH  Ompelensuiack C  [OMOIIbI0  OAHO(AKTOPHOTrO
mucnepcuonHoro anamm3a (ANOVA) c amocrepuopHbIM TecTOM TBIOKH U TecTa
MHO>XECTBEHHBIX CpaBHEHUH J{aHHa.

PE3YJIbTATBI 1 OBCYXIEHUE

[lo wToram mpoBEEHHOTrO KCCIEJOBAHUSI YCTAHOBIIEHO, YTO XPOHUYECKUH CTpecc
MNpUBOAUT K JOCTOBECPHOMY YBCIUWUCHHWIO BPEMCHU IMMACCHMBHOI'O ILIaBaHUA Yy KPBIC IO
CPaBHEHHIO C KOHTPOJIEM B T€UEHHE BCEro IKcrepuMenTa (puc. 1).

2 - KoHTponb

1801 @ Crpecc
--- ranonepupon
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[=2]
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CyTKM 3KCnepuMeHTa

Puc. 1. /luHamMuka BpeMEHH MMMOOHMIJIFHOCTH B TPYIIAX «CTPECC», KKOHTPOIB» U

«rajonepuaom»

Ilpumeyanue: 3Be3MOYKAMU OTMEUEHBI JOCTOBepHBIe oTmmums mpu *p<0,05, **p<0,01,
**%p<(0,001 MeXIy rpynmaMu «KOHTPONB» M «cTpeccy. [IyHKTUpHOW NMHWEH yKa3aHBI JaHHBIC
TPYIIITBI «TANOTIEPUIO» U3 MPEABIAYILIEr0 SKCIIepUMeHTa Hatreil mabopatopuu [35]

[MukoBbie 3HAuUeHMS MoKasartens npuxonwinck Ha 6 (107,40+18,84 c) u 15 cyrku
skcriepuMenta (77,80+18,11 ¢), muanmaneabie — Ha 9 (31,30+10,19 ¢), 11 (34,2049,45 c)
u 14 (19,10£4,87 c¢) cytku. Pe3ympTaThl Tpynmbl «cTpecc+Tanonepuion) B TEUCHHE
MEPBBIX 8 THEH HKCIEPUMEHTA 3HAUUTENFHO HE OTIMYANNCEH OT AAHHBIX IPYIIIBI «CTPECCH»
(3a UCKITIOUEHHEM IIEPBOTO JIHS), XOTS U IMHAMUKA UMENNa MHOM, MPSIMOIMHEHHBINA TPEH,
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OJTHAKO ¢ 9 JHSI 3KCIIEPUMEHTa YPOBEHb MMMOOWIBHOCTH HAYMHACT PE3KO BO3pACTaTh U
BeIXO/UT Ha twato (muk Ha 20 gens, 132,90+15,63 ¢), mocne dero HaOmromaeTcs
CTPEMUTEILHOE CHIDKEHUE moka3atens Ha 21 gens (85,50+£16,41 ¢) (puc. 2).
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Puc. 2. JlumamMuka BpeMEHH HWMMOOWJIBHOCTH B TpPYIAX «CTpecc» U
«CTpeccHTraIonepu 0
Ilpumeuanue: 3Be3MO0YKAMU OTMEUEHBI JIOCTOBEpHble omimuusi mpu *p<0,05, **p<0,01,
***p<0,001 OTHOCHTEIILHO KOHTPOJISI

Pazmuumst B 21-mHeBHON AMHAMUKE TOKa3aTenell aKTHBHOIO MOBEACHUS OKa3aJHCh
HE CTOJIb OYEBHIHBIMU: J>KMBOTHBIE TPYIIBI «CTPECC» JIEMOHCTPHPOBAIN YPOBEHD
IIJIaBaHMsl, CXOIHBIA C KOHTPOJEM, AOCTOBEPHBIE pPa3lInyMs ObUIH BBISBIECHBI TOJBKO Ha
1 nenb skcriepumenta (35,86+10,62 mpotus 98,83+13,1 ¢); oTinums MeXIy KOHTPOJIEM U
rpynmoit  «crpecctrajonepuaon» — Ha 15-20 gHW, a MeXay TpyNImaMH «CTPeccy H
«ctpecctranonepunon» — Ha 14, 16-20 gam (puc. 3). B cinywae ¢ KIMMOMHTOM
CTaTHCTUYECKH 3HAYMMbIC pa3Nuirs OB MOMyYeHbI Ha 2, 6, 7, 10 gHI MeX Iy TpymnImaMu
«KOHTPOITb» U «CTPECCY», & MEXKAY TPYMIIAMH «KOHTPOIbY M «CTPECCHTalONepuao» — Ha
10, 14, 18, 19 nuu (puc. 4). Takxe ObUTH BBISBICHBI 3HAYNMBIE PA3IUYHAI U B CYMMapHOM
KOJIMYECTBE OTPAXUBAHUI M TPYMUHTA: MEXKIY TPYITIAMU «KOHTPOJB» U «CTPECcC» — Ha 6,
9, 12, 21 cyTKM  DSKCHEpPUMEHTa, MEXKAy  TpyINIaMd  «KOHTPOIb» U
«ctpecctranonepuaom» — Ha 18, 20 cyTku, a MexIy TIpyomaMH «CTpecc» U
«crpecctranonepunoin» —Ha 18 u 21 cytku (puc. 5)
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Puc. 4. Jlunamika BpeMeHH KIMMOUHTA B UCCIEYyEMBIX TPYIIaxX >KHBOTHBIX
Ipumeuanue: oTMEUeHBI NOCTOBepHbIE OTIMYMA npH p<0,05 Mexmy rpymnnaMu «KOHTPOJb» MU
«crpece» (*), Mex Iy TPYIIaMi «KOHTPOIIb» B «CTpecctraaonepumom» (#)
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Puc. 5. JlunaMuka Koau4ecTBa OTPSIXMBAHUU U TPYMUHIA Y UCCIEAYEMBIX KUBOTHBIX
IIpumeuanue: oTmedeHbl JocToBepHble omiuuus npu *p<0,05 u **p<0,01 mexay rpynnamu
«KOHTPOIIb» M «CTpece», TpH *p<0,05 MekKITy rpynnamu «KOHTPOIb» M «CTPECCHTATONEPUION»,
npu @@p<0,01 Mex Ty rpyNnaMu «CTPecc» U «CTPecc+raaornepuaon»

Tecr Ilopconta mokazam cBOO 3(deKTHBHOCTHP KaKk CpENCTBO  ITOHMCKA
AHTUJICTIPECCAHTOB [36] M TakXKe YCHENIHO NMPUMEHSETCS I OIEHKH JCTPECCHU Kak
TaKOBOM, ¢ (pyHIaMeHTaNbHOU ToukH 3peHus [27, 37-39]. UccnemoBanus S. Dal-Zotto u
COABT. IOKa3ajid, YTO CTPECC, COOOMIaeMbli XPOHUYECKUM IutaBanueMm (14 mHel 1o
20 muH.) B ycraHOBKe, paspaboranHoii P. JI. [Topconrom, He SBJSETCS CHUIBHBIM H
KUBOTHBIE K HeMy Xopomio amantupyiorcs [40]. IlpuHnmas BO BHHMaHHE TO
00CTOSITENBCTBO, YTO MBI UCIIOIB3yEeM JaHHYIO METOJHMKY B 3HAYUTENBHO Ooliee MSITKOW
Momudukanna (21 meHp Mo 3 MHWH.), CYMTaeM YpPOBEHb CTpecca B JTOM MPOIEnype
HECYIIECTBEHHO BJMSIOMIMM HAa HWTOTOBBIM pE3YNbTaT, YTO TakKe MOATBEPXKTAET U
CTaOWIBPHO HU3KUHM YPOBEHP MMMOOWIBHOCTH B KOHTPONBHOW Tpymme (cMm. puc. 1). B
WTOTE€ MBI paccMaTphUBaeM IIONydYeHHbIE [AHHBIE KaK CBUAETEICTBO TOTO, YTO
XPOHUYECKUN HENpPEeACKa3yeMblil YMEpPEHHBIM CTpecC MNPUBOAUT K BO3HHKHOBEHUIO
JIEPECCUBHOMOO0HOTO TIOBEACHUS Y OECIMOPOAHBIX KPBIC-CAMIIOB, YTO COTJIACyeTcs C
TUTEpaTypHBIMU NaHHBIMU [41-44]. Hambomee spko 3TOT mporecc XapaKTepu3yeT BpeMs
MMMOOMJIBHOCTH. JonomHuTtenbHbIE MMOKa3aTelIn (rutaBanwme, KJIMMOMHT,
OTPSXWBAHUA+TPYMHHI) B  HalleM CIydyae WMEIOT 3HAYUTeIbHO  OOJBIIYIO
BapnabenbHOCTh  JAaHHBIX M, COOTBETCTBEHHO, MEHBIIYI0  HAJEKHOCTh, YeM
MMMOOWIIPHOCTh, HO WX HM3MEHEHHE C TEYEHHEeM OKCIEpUMEHTa TaKKe yKa3blBaeT Ha
VXYALIEHHE SMOIMOHATBHOTO COCTOSHUS JKMBOTHBIX B TPYIIAax «CTPECC» W
«cTpecctranonepuaon». HecMoTpst Ha TO, YTO JOCTOBEPHBIX OTIUYHNA MEKIY TPYIIIAMH
OoJIBIIIE BCETo 110 MOKA3aTENI0 «IUIaBaHWe», UMEHHO KIMMOWHT OKa3aJiCsl YyBCTBUTEIBHEE
B PErHCTpaliyd OTBETAa HAa CTPECC-BO3NEHCTBUS y TPHI3YHOB, T. K. B 00eWX rpymnmax

138



TECT NOPCONTA KAK JIOHFUTIOAHbIW METOA OLIEHKU OUHAMUKM ...

HAOIOAaeTCsl YeTKUH TPeH]l K CHIKEHHMIO €ro YpoBHSI OTO THS KO THIO, B OTJIHYHE OT
KOHTPOJIBHBIX 3HAYCHUI, YTO JIepIKATCs Ha JOCTATOYHO CTaOMIBHOM ypOBHE (CM. puc. 4).
B Tecre IlopconTta, XOTS M KaXXETCS Ha MEPBBIA B3TJA, YTO €CTb OAWH OCHOBHOW
MoKa3aTellb — TAacCCHBHOE IUIaBaHUE, MMEHHO J[eTajbHOE PacCMOTPEHHE KaXIoro H3
BO3MOXKHBIX THIIOB TIOBE/ICHUSI B JAHHOM YCTaHOBKE IO3BOJUT Haubosee MOIHO U TOYHO
MOHSATH TONyYEHHBIE PE3yabTaThl. Takas MpaKTHKa YK€ aBHO MPUMEHSETCS B APYTHUX
SKCIICPUMEHTANBHBIX ~ MapagurMax, HampuMmep,  «pe3uAeHT —  HHTpyIep», The
perucTpupyercs OOJNBIIOE KOMMYECTBO Mokaszarened [45]. Msl  momiepxuBaeM
WHUIHATHBY HEKOTOPBIX HCCIEAOBATENEeH CXOKUM KOMIUIEKCHBIM 0Opa3oM OIEHHMBATh U
pesynbraTel Tecta [Topconta [46, 47].

JuHaMyKa BpeMeHM HWMMOOWIBHOCTH B TPYIIE «CTPECC» CYIIECTBEHHO HeE
OTJINYaeTcsl OT TaKOBOM, 4TO ObUla ToOJydeHa Hamel jJabopaTopwedl B MpeablIyIleM
SKCIIEPUMEHTE, TJIC MCIIOJIb30BAJICS TOJBKO TaJIoNepuaoi B jgo3e 2,5 mMr/kr (cMm. puc. 1)
[35]: B maHHOM ciydae Takke MOXKHO BBIACIUTH HaualmbHbIA niepuon (1-3 aHuM), nepuos
BBIPQKEHHBIX KoyeOaHuil mokasarens (4-15 muu) u nepuon 3aryxanus (16-21 mgam).
OnHAKO CTOUT OTMETUTh, YTO HAYANBHBIA MEPUOJ B TPYIIIE «CTPECC» XapaKTepH3yeTcs
Oosiee BHICOKMM YPOBHEM MMMOOHMIJIBHOCTH M 0OJiee Pe3KUM €€ YBEIHYEHHEM C IIEPBOTO
JIHST DKCIIEPUMEHTa, YeM B TPYIIIE «TaJIONEpUa0». ITO U MPOYHE OTIUYUS C TPYIIIOH
«rallonepuioN», TaKhe, KaK HEMOIHOEe COBMAaJIeHHe MAaKCHMYMOB 3HaveHWi (B
ocobeHHocTH Ha 9 1 10 THH) U MeHee YeTKas M [0CiIeI0BaTeIbHAs CTPYKTypa KONeOaHHH,
MBI CBSI3BIBAEM C pa3HbIM XapaKTePOM CTPECC-CTUMYJIOB — TICHXHYECKUM U
(hapMaKoJIOrMIeCKUM, COOTBETCTBEHHO.

Heckonbko wHasi cuTyarys HaOIr0IaeTcsl IPU COBMECTHOM BO3JICHCTBHHU cTpecca U
raJionepuaoia, Tle, B OTINYHE OT T'PYII «CTPECC» U «TaNOMepPHAON», B TEPBBIA IEHb
JKCIIEpUMEHTa He HAOII0JaeTcsl yBEMUYCHUS TACCHBHOTO TUTABAHMS Y )KUBOTHBIX . TAHHBIC
OCTAIOTCSl Ha YypPOBHE KOHTPOJIBHBIX, W B IMOCIHEAYIOIIWE 7 JHEW OCTOBEPHO HE
OTJIMYAIOTCS OT TPYIIBI «CTPEcc», NEMOHCTPUPYS Aake Ooyiee HU3KYIO JIMHHUIO TPEH[A
(cm. puc. 2). OmHako yxe Ha 9 JeHb OKCIIEpUMEHTa IIOKa3aTellb B TPYIIe
«CTpeccHranonepuao CTATUCTHYECKH 3HAYMMO IMPEBBIIIAN 3HAYEHUS TPYIIIBI «CTPECCH
(81,80+15,16 mpotus 31,30+10,19 c), a ¢ 14 musa pesko yBemmumBarotTcs (116,5+16,88
mpotuB 19,14+4,87 ¢). MeI npenmonaraem, 9To B JaHHOM CITydae aIalTalliOHHBINA TTPOIIece
MPOTEKaeT TO-APYyroMy, T. K. COYETaHHOE TPHUMEHEHHE Cpa3y [BYX CTPECCOpOB
He3aMEeTUTENFHO BKITIOYaeT KOMIIEHCATOPHBIE MEXAHU3MBI, KOTOPBIE 10 OIPEeS eHHOTO
MOMEHTa YAEpPXHBAIOT YPOBEHb HMMMOOWJIHHOCTH Jake HIDKE TaKOBOTO Y TPYIIIEI
«ctpecey. [lo-BunnMoMy, MX UCTOIIEHUE U IPUBOIUT K TOW KapTHHE, YTO MBI HAOI0JaeM
Ha 14-20 gHM WCclenoBaHWs, a 3HAUMTENBHBIN CIaj] YPOBHS MMACCHBHOTO IUTABAHHUA Ha
21-# neHb, BOBMOXKHO, TIPEBOCXHUINAET HAYAI0 HOBOTO BUTKA aJIalTaIliH.

21-nHEeBHBIH TepHO] ABISETCS KIIACCHIECKUM BPEMEHHBIM OTPE3KOM, TPHUMEHSIEMBIM
JUIA  OTIpENeNeHUs] BIMSIHASA XPOHWYECKOrO CTpecca Ha OpraHu3M, HampuMmep s
(hopMupOBaHUS AETPECCUBHOTO COCTOSHUS Y TA00PaTOPHBIX KUBOTHHIX [48, 49]. B To xe
BpeMsl pe3yNbTaThl HAIIMX WCCIEJOBAHUN HATJISHO IIOKAa3ajH, YTO K OKOHYAHHUIO
JAaHHOTO TIepHOJa y KpBIC BHIpAa0aThIBAeTCS ajanTalus K CTPECcC-BO3AEHCTBUSAM
pasmuM4HOrO Xapaktepa, obecriedeHHas d¢GdeKTHBHOW paboOTOil  KOMITEHCATOPHBIX
MexaHn3MOB («ctamus ycroitunBoctr» 1o I'. Cenmbe) [50], B TOM 4mnciie W KOHKPETHO
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nopamuueprudeckoit  cucrembl  [35]. K mogoOHBIM  BhIBOJAM  TIPUILIH U
M. 1O. XonaHoBUY € COaBT., UCCHENYsI 3-HENENbHYIO JUHAMUKY arpECCHBHOIO MOBEICHUS
y KpbIC, HCHONB3ysSd B KadeCcTBE CTpeccopa 3JIEKTPOMAarHUTHOE 3KpaHupoBaHue [51].
BcenencTBue »TOr0 MOXKHO 3aKIIOUUATH, 4YTO 21-ITHEBHBIA TMEPHOJ SBISETCA HEKUM
YHUBEPCAIBHBIM OTPE3KOM BpPEMEHH, HEOOXOJUMBIM JJIsl TIPUCIIOCOOICHUSI OpraHu3Ma K
HOBBIM yCJIOBUSIM cpedbl. [laHHBIA (QakT NO-HOBOMY 3aCTaBiIsIeT MOCMOTPETh Ha
[JIJaHUPOBAHHWE  OSKCIIEPUMEHTOB IO  JUINTEIbHOMY  BO3JEHWCTBUIO  CcTpecca Ha
nabopaTOpHBIX JKUBOTHBIX W TpoOJIeMy TUIOXOH BOCIPOM3BOJMMOCTH  HAYYHBIX
pesynbraToB [52]. [lo kpaiiHeil Mepe, 3TO YTBEp)KACHHE MPABOMOYHO Ui ayTOpEIHBIX
KpBIC ¥ TpeOyeT NepenpoBepKH Ha IPYTUX MOPOJIaX IPHI3YHOB.

Db dexTrBHOCTH AHTUAETPECCAHTHBIX areHTOoB B JOKITMHUYECKUX
JKCIEPUMEHTAIBHBIX TECT-CHCTEMaxX IPUHATO MPOBEPSTH B KIIOUEBBIE JHU, 3a4acTYIO
eKeHenensHo [25, 53] mbo mo cxeme «1o — mocie» [54], He yuuThIBas €XKETHEBHYIO
TUHaMHUKY cuMnToMmoB. [lomoOHbBIE HMcciaenoBaHUsl XapakTepHbI CKopee Uil KIMHUKA U
MIPaKTUYECKH HE MMEIOT aHAJIOroB B paboTe C 1abopaTOPHBIMU KUBOTHBIMU. YUET TOTO,
KaK KOHKpPETHBIE€ METO/IbI JIEUEHHU S JETIPECCUN BO3AEUCTBYIOT HE TOJIBKO KOJHMYECTBEHHO B
orpe/ieTIeHHbIE JIHU, HO M KaYeCTBEHHO Ha JIMHAMUKY CHMIITOMOB 3a00JICBaHMS B IIEJIOM,
MMO3BOJIUT YBUAETh KapTHHY B 0O0IIeM, Jyd4lle Moa0upaTh aHTHUICIIPECCAHTHI U
MPOTHO3UPOBATH UX dPPEKTUBHOCTD.

3AKIIOYEHUE

1. XpoHuueckuil HEMpeInCcKa3yeMblii YMEPEHHBI CTpecC MPUBOAWT K BO3HUKHOBEHHIO
JIETIPECCUBHOMOMOOHOTO0  TOBEJCHUST Yy  OCGCHOPOJHBIX  KPBIC-CAMIIOB,  SIPKO
MIPOSBIISIONIETOCS B YBEIWYEHHH YPOBHS HUMMOOHMIIBHOCTH W CHIDKEHHH BpPEMEHH
ximMOnHTa B TecTe [lopcorta 1Mo cpaBHEHHIO ¢ KOHTPOJIBHOM TPYIIIOH.

2. JluHamMuKa BPEMEHU TACCHBHOIO IJIABaHWSI B TPYIIIE «CTPECC» CYIIECTBEHHO HE
OTIIMYAETCsI OT TaKOBOH, YTO OB MOJTydeHa HaIlel JadopaTophe B MPEIbIAyIIeM
JKCIIEPUMEHTE, TJIe  TNpUMEHsach  Onokama  Do-TTOmOOHBIX — pElenTopoB
TaJionepuIoioM, HYTO MOXKET CBHJIETENBCTBOBATh 00 OO0IIeM OHOIOTHYECKOM
cyOcTpaTe MpoTeKaeMBbIX POIECCOB.

3. TpexmunytHblii TecT [lopconTa sBIsIETCS MHOTOOOEIAOIIAM WHCTPYMEHTOM JUIS
©KETHEBHON OIEHKH JIETPECCHBHOTO ITOBEIEHUS Y KPBIC B TEUEHHWE XPOHUYIECKOTO
JKCIIEpUMEHTa, O/THAKO, TpeOyeT AanpHeimeii 6oee 00CTOATENFHON BaTUAaINH.

Paboma  ewinoamena uma  obopyoosamuu  LKII @PIAOY BO «KOY
um. B. U. Bepnaockoeoy «xcnepumenmanvuas Qusuonocus u ouopusuxay.
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FORCED SWIM TEST AS A LONGITUDE METHOD OF ASSESSMENT THE
DYNAMICS OF THE EMOTIONAL STATE OF RATS IN THE MODEL OF
CHRONIC UNPREDICTABLE MILD STRESS

Chajka A. V., Konoshenko E. V, Khusainov D. R., Shakhmatova V. 1.,
Mozharovskaya I. A., Cheretaev 1. V.

V. . Vernadsky Crimean Federal University, Simferopol, Crimea, Russia
E-mail: andrew.chajka@yandex.ru

According to WHO, in the world, about 350 million people suffer from depression,
which leads to serious health problems, being the main cause of disability and a general
deterioration in the quality of life of the population around the world. To date, it is already
known for sure that chronic stress is one of the main causes of the depressive syndrome,
which is characterized by a disruption of the normal functioning of the central
dopaminergic system. However, the involvement of dopamine in the development and
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course of anxiety-depressive disorders has not been studied as fully as, for example,
serotonin.

In the modern literature there are convincing evidence of the involvement of
biorhythms in the pathogenesis of depression and the presence of rhythmic changes in the
manifestation of the symptoms of the disease. At the same time, we did not find any work
in which the dynamics of depressive symptoms were fully studied, moreover, the
methodological approach for such preclinical studies was not fully developed. Therefore,
we propose to use the daily three-minute Forsed swim test (FST) as one of the options for
solving this problem, and we aim to analyze the results in detail.

Experiments were carried out on 30 outbred male rats (200-250 g), divided into 3
groups. The stress group (n = 10) underwent chronic unpredictable mild stress for 21 days,
the «stress+haloperidol» group (n = 10) for 24 days (3 days of preliminary administration)
daily at 10:00 injected intraperitoneally a selective blocker of D,-like receptors
haloperidol (Moshimfarmpreparaty N. A. Semashko, Russia) at a dose of 2.5 mg/kg,
diluted in saline, and control (n = 10) - saline in a similar volume. Beginning on the 4th
day of the experiment, the behavior of the animals was tested daily in the FST, 30 minutes
after the injections. Duration of testing — 3 minutes (short procedure). The following
indicators  were recorded: passive swimming, swimming, climbing, and
grooming+shaking. Differences between the groups was determined using a single-factor
analysis of variance (ANOVA) with the Tukey test and the Dunn's multiple comparisons
test.

The FST has proven to be effective in detecting antidepressants, and has also been
used successfully to assess depression as such, from a fundamental point of view.
Research by S. Dal-Zotto et al. showed that the stress reported by chronic swimming
(14 days for 20 minutes) in the installation developed by R. D. Porsolt is not strong and
the animals adapt well to it. Considering the fact that we use this technique in a much
milder modification (day 21 for 3 minutes), we believe that the level of stress in this
procedure has little effect on the final result, which is also confirmed by the consistently
low level of immobility in the control group.

Eventually, established that chronic unpredictable mild stress leads to depressive
behavior in outbred male rats, which is clearly manifested in an increase in the level of
immobility and a decrease in the climbling time in the FST in comparison with the control
group. The dynamics of the passive swimming time in the stress group does not differ
significantly from that obtained by our laboratory in the previous experiment, where the
blockade of Dy-like receptors with haloperidol was applied, which may indicate a
common biological substrate of the processes that are being carried out.

A different situation is observed in the joint effect of stress and haloperidol, where, in
contrast to the groups "stress" and "haloperidol”, in the first day of the experiment there is
no increase in passive swimming in animals - the data remain at the control level, and in
the next 7 days differ from the "stress" group wasn’t found, showing even a lower trend
line. However, already on the 9th day of the experiment, the data of the
"stress+haloperidol” group begin to statistically significantly exceed the level of the
"stress" group (81.80 + 15.16 versus 31.30 + 10.19 s), and from the 14th day increase
sharply (116.5 £ 16.88 against 19.1 + 4.87 s). We assume that in this case the adaptation
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process proceeds in a different way, because the combined use of two stressors
immediately includes compensatory mechanisms that, until a certain moment, keep the
level of immobility even lower than that of the "stress” group. Apparently, their depletion
leads to the picture that we see on the 14-20 days of the study, and a significant decline in
the level of passive navigation on the 21st day may be anticipating the beginning of a new
round of adaptation.

Referring to all these data, we believe that the 3-minute FST is a promising tool for
daily assessment of depressive behavior in rats during a chronic experiment, but requires
further validation.

Keywords: depression, chronic mild unpredictable stress, Forced swim test,
D,-receptors, haloperidol.
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CPABHUTEJIbHAA XAPAKTEPUCTUKA 3KOJIOTMYECKOIO
COCTOSIHUSAA AKBATOPUM B PAMOHAX PA3MELLEHUA MAPUXO3ANCTB
(CEBACTONOIJIb, YHEPHOE MOPE)

Yensouna H. C., Ilonoe M. A.

Hucmumym mopckux 6uonocuueckux ucciedosanuii um. A. 0. Kosanesckozo PAH, Cesacmonov,
Pecnyonuka Kpvim, Poccusn
E-mail: chelydina2007@mail.ru

Muauro Mytilus galloprovincialis ucrons3oBain kak GHOMHINKATOP COCTOSIHHS OKPYKAFOIIeH BOXHOM Cpe/ibl
B palioHaX pa3MelIeHHs MapUXO3sHCTB. I3MeHeHHe COOTHOIICHUS (DEHOTHIIOB, IOJIOBOH CTPYKTYPBI U
MOpP(GOMETPHYECKUX XapaKTePUCTHK NPUMEHSUIM KaK KOCBEHHBIE II0Ka3aTelM, OTPaKalollle YPOBEHb
9KOJIOTUYECKOH KOM(OPTHOCTH KyIBTUBHPYEMBIX MHIMI. B axBaTOpuu, NOABEp)KCHHOW 3arps3HEHHIO,
OTMEYeHB! OOJBIINKA MPOLEHT MUIUN C YepHOW OKpacku pakoBHHBI (77 %) M CABUT MOJOBOH CTPYKTYPHI B
CTOpPOHY yBeNnueHHs1 konndectBa caMioB (78 %). Munexc H/L pakoBuH Muawnii ObLT BBIIIE Y MOJUTIOCKOB U3
AKBAaTOPUU C MOBBILICHHON TEXHOIC€HHON Harpy3KOM.

Kniouesvie cnosa: Yepnoe mope, muust Mytilus galloprovincialis, den, mon, mopdomerpudeckue mapamerpsl,
MUIMitHO-ycTpruuHas depma.

BBEJEHHUE

PannonanbHag opraHuzaiys TPOMBIIUIEHHON KOHXMOKYJIBTYpbl Ha YepHOM Mope
BO3MOXKHA TOJIbKO Ha OCHOBE KOMILIEKCHOTO HM3YYEHHsI OHOJIOTHH KYJIbTHBHPYEMBIX
BHJIOB, pa3pa0OTKH MPaKTUYECKMX PEKOMEHJIAIUA TI0 BBIOOPY MECT pa3MeIeHUs
MapHuXO03SHCTB, ONTHUMH3AIMH TIPOIecca KyJIbTHBHPOBAHUA, OICHKH B3aWMOIEHCTBHS
OKpyXaroleil cpenpl U Mapuxo3siicTB. IlepBocTeneHHOE 3HAYEHUE MPU Pa3MELICHUU
MUJUIHO-YCTPUYIHBIX (hepM OTBOIWTCS BBHIOOPY akBaTopud. [Ipm 3TOM BakHO yYUTHIBATH
(hm3mKo-reorpaduuecKie OCOOCHHOCTH paiiOHAa pa3MEIIECHHUs, KAUeCTBO BOITHOM CpEIbI,
KOpMOBYIO 0a3y, HalM4We JJOCTATOYHOW KOHIEHTPAIMH IJNYHHOK KyJIbTHBUPYEMBIX
MomtiockoB u T.A. [1, 2]. Ha ¢yHKOMOHMpYOMNX Mapuxo3sSHCTBaX HEOOXOIUMO
YYUTHIBATh B3aMHOE BIUSHUE KYIBTHUBHPYEMBIX THAPOOMOHTOB M OKPY)KAIOIIEH Cpebl.
MOHHUTOPUHTOBBIE HCCIENOBAaHUS OHOJIOTMH MHUAWNA Ha MapuUXO3SHCTBAX KOCBEHHO
OTPaXXalOT JKOJOTUYECKOE COCTOSHHE akBaTOpuu. OmpeneneHbl OpraHu3MBI, KOTOPBIE
WCIIONB3YIOTCST KaK OWOMHAWKATOPHI COCTOSHUSI OKpyKaromed BomHoi cpenpl. [lo
manueiM «International Council for the Exploration of the Sea», munus Mytilus sp. Bxoaur
B IIEPEYCHD ITUX BUIOB-KMHIIICHEH» [3, 4].

OpauM 13 cpenooOpa3yrIuX U KyIbTUBUPYEMBIX BUIOB B UepHOM MoOpe SBIIIETCS
mumust Mytilus galloprovincialis Lam. M3menenue cootHomneHus ¢exorunos [5, 6],
TIOJIOBOM CTPYKTYPHI [5, 7] u Mopdomerpryeckux [8] XapaKTepUCTUK MUK SIBIISETCS
XapaKTEePHBIM OTKJIMKOM Ha 3arps3HEHHe OKPYKArOMIEH Cpebl.
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Llenp pabGotel — ucmonmb3oBaTh Muguio M. galloprovincialis kak OwouHaHKaTOp
OKpY’KaloIel Cpebl MPU CPaBHEHUU IKOJIOTHMYECKOI'O COCTOSHHS aKBAaTOPHU B MECTax
pa3MeIleHns] MapuXxo3siicTB B OyxTax . CeBacTomoss.

MATEPUAJIBI 1 METO/IbI

OKCnepuMeHTalbHYI0 YacTh paboTel mpoBoguiau B Teuenne 2004-2007 rr. Ha
MUJMHHO-YCTPUYHON (epMe, pacroloKeHHOH Ha BHemHeM peiige r. CeBacTomons, u
muauitHoN depme B Oyxte MapTteiHoBa (puc. 1). Mumuro M. galloprovincialis codupanu
MOCE30HHO C BEPEBOYHBIX KOJUIEKTOPOB ¢ TIyOMHBI 3 M. [lns mccnemoBaHuii oTOMpanu
150 Muauii. Y MOIITIOCKOB M3ydanu MopomMeTprideckue mapamMmeTphl, OKPAcKy PaKOBUHBI,
nosl. OKpacky paKOBMHBI MOJIJTIOCKA OMPEENSIN [0 METOAUKE, MpeuIokeHHoi Jlparonu
[9], xoTopHIit cpeau pazHOOOpa3HBIX POPM OKPACKH PAKOBHHBI BBIIEISIT MHUIHIA C YEPHON
(1) m xopuuneBoii (K) oxpackoil. [lns ompeneneHus mojia HCIONB30BaIH METOAUKY
BU3YyaJIbHOrO HM3YyYeHHs Ma3koB roHan moja OuHokymspom MBU-6 [10]. Tlpu momormu
MTAHTEHIUPKYJST ¢ TOYHOCTRIO 70 0,1 MM wu3Mepsuin Cleayromue MapamMerphl:
L — mnuna, mm; H — Beicota, mm; D — mmpuna, mm [8]. [ns ompenenenus ¢Gopmbl
PaKOBHHBI TPUMEHSUIM HWHICKCHl OTHOIICHWH: BBICOTA CTBOpPKM K ee umHe H/L
(BBITSIHYTOCTB), mmMpuHAa K ummHe D/L (Bemykmocts). s 00paboTku Mmartepuana
ucronb3oBany maker nmporpamm Microsoft Office Excel 2007.

PE3YJIBTATBI U OGCY)XXIEHHUE

@depma BHEUIHErO peiijia paciojioyKeHa 3amajiHee F0KHOro mMoja (CeBacTOoNMOIbCKOM
OyXThbI B OTKPBITON YacTu Mopsi. ['pyHT mox hepMoii — IecoK ¢ BKIrOUYEHUAMH mita. Depma
XOpOII0  «BEHTWJIMPYETCs»  JlaKe  IpH  HE3HAUYHUTENbHBIX  BETPO-BOJHOBBIX
nepeMennBanusax. Munuiinas ¢pepma B OyxTe MapThiHOBOM pacnonokeHna B 200 merpax
OT KyTOBO# yactu (puc. 1).

44.649

4463 Cesacronosnb
Bremrui pefig

= aase P 6. MapTrnoBa
5 *
@
=
3

2461

a480+

L L T U L] L
33.49 3350 3351 3352 3ase 3354
Donrota E

Puc. 1. PailoH pacnonoxeHus Mapuxo3sicTB
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I'pynT monm ¢epmoii — TONKMI HMI C XapaKTepHBIM 3alaxoM cepoBojxopoda. B
coorBercTBUUM co 3HadeHHeM PLlsie Oyxta MapTeiHOBa XapakTepusyeTcs Kak
ype3BbIYaiiHO 3arpsisHeHHast [11]. AxBaTopus OyXThl TEPHOAWYECKU 3arpsi3HSIETCS
Hedrenpoaykramu [12].

o 2000-x ronoB y 6eperoB UepHOro Mopsi UcClIeIOBaTe Il B OOJBIIMHCTBE CIy4Yacn
OTMeyasu paBHoe cooTHoulenue oo y muauu M. galloprovincialis — 1 : 1 (9 : &) npu
1-3 % repmadpoauToB.

[lpu ompemeneHUM YACTOTHI BCTPEYAEMOCTH IBETOBBIX MOP( MHAWN OTME4eH
OONBIINE TPOLIEHT MOJUTIOCKOB C YEPHOW OKPACKOM PaKOBHHBEI B HCCIEIyEeMBIX paiioHax
HE3aBUCHMO OT Ce30Ha W roja. Ha pucyHke 2 mpecTaBiieHbl YCPEIHEHHbIE Pe3yIbTaThl
(hEHOTUTUYECKOW CTPYKTYPHI KyJbTHBHPYEMBIX MHUJIUH 32 MEPUOJ] UCCIICIOBAHHS.

A B

23 %

66 %

0O Kop. mYép.

Puc. 2. CoorHomrenme okpackd paxkoBuHbl y wmumum M. galloprovincialis
(A — BHemHMH petim; B — 6. MapThiHOBa)

CootHormerne kopuaHeBoit okpacku (K) pakoBuHsI k ueproi () Ha BHEITHEM peline
obuto 1 : 1,9 (K : U), B 6. MapreiHoBoit — 1 : 3,3 (K : H). Pasnuunble aganTHBHbBIC
peaknuy MUIAN C YepHOU W KOPUYHEBON OKPACKOW IOl BO3ICHCTBHEM CpEIbl OOMTaHUS
O0YCIIOBIIGHBI TEHETHYECKMMH OCOOCHHOCTSMH W BIMUSIOT Ha (DU3HOJIOTHYECKUE
mporiecchl. YepHble MUTUU JOMUHUPYIOT Ha CKaJlaX, KOPUYHEBBIE — HAa FIIMCTHIX TPYHTAaX.
Oco06u "epHOit MOpPGBI HACENSAIOT MPEUMYIIIECTBEHHO TBEpAble CyOCTpaThl B MPUOOHHOI
30He MoOpckux akpaTopui [1, 13]. M3BecTHO, YTO MHAMM OCEHAIOT HAa KOJUICKTOPHI B
pasaoM cootHomennn (erorumos 1 : 1 (K : U) [14]. Panee namu 65110 mokasaso [15],
9TO COOTHOIIEHHE 0Co0eil ¢ pasnuyHol Okpackod pakoBuHbl y M. galloprovincialis
MOXKET MEHSTHCS B 3aBHCHMOCTH OT MECTOPACHONOXKeHHs MuaniHbIX (epm. Ilo mepe
pocTa MOJITIOCKOB Ha KOJUIEKTOpaX KOJIMYECTBO OCOOCH ¢ YEepHOH OKpacKON paKOBHHBI
YBEIMYMBAJIOCh B aKBATOPUAX C HEOJIATONMPHATHON HKOJOTHYECKOH OOCTAaHOBKOW U
cootrHomenue gocruramo 1 : 3,7 (K : Y). M3BecTHO, YTO MUAMHA C YEPHOH OKPACKOM
PaKkOBHHBI WMEIOT Oojee MPOYHBIN OWCCYCHBIM ammapar, a MHIAW C KOPHYHEBOU
OKpAacCKOl paKkoOBHHBI Ooliee YYBCTBUTENBHBI K 3arps3HeHuto Bomsl [16]. Ilo-Bumumomy,
MPH  yBEJIMYEHUH pa3MEpOB MOIUIIOCKOB TPOUCXOAWT OINMAJaHWe Ha JHO MU
NPEUMYILECTBEHHO C KOPUYHEBOW OKpAacKOH pakoBUHBL. B pe3ynapTaTe €CTECTBEHHOIO
oTOOpa BBDKMBAIOT HaWOOJee MPUCIOCOOTIEHHBIE K JJAHHOMY MECTOOOWTaHHI0 0coOH, a
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W3MEHEHUE COOTHOIICHUS ()EHOTUIIOB MOXKHO paccMaTpUBATh KaK XapaKTEPHBIH OTKIUK
MUAMHHON MOMyNSUY HA H3MEHEHHUSI OKPY)KAIOIEeH Cpeabl.

Jlo 2000-x ronoB y 6eperoB UepHOro Mops UCCIIeIOBATENH B OOJIBIIMHCTBE CITy4acB
OTMeYasu paBHOE cooTHomIeHue noioB y mumun M. galloprovincialis 1 : 1 (9 : &) npu
1-3 % repmadpomutor [10, 17]. B Gonee coBpeMeHHBIX pabOTax MOKa3aH CIBHUT MOJOBOH
CTPYKTYPBl HCKYCCTBEHHBIX M TPHPOAHBIX TIOCENICHHMH MHIUM KaK B CTOPOHY
npeobiaanus caMIloB, Tak U camok [5, 13, 18]. M3BecTHO, 4TO COOTHOIICHNUE CAMIIOB U
CaMOK B TIOMYJIALIMKA MHUIUHA 3aBUCUT KaK OT TEHETHUECKHMX MEXaHM3MOB (POPMUPOBAHHUS
mojia, Tak M OT 3Kojoruyeckux ycinoBui cpempl [19, 20]. OObsICHEHHE T'€HETHYECKUX
MEXaHU3MOB 3TOro mporecca nporuBopeurBo [21]. K askomormveckum dakropam,
BIIMSIFOIIMM Ha COOTHOIICHHE I10Jla MOJUIIOCKOB, OTHOCST pAacIloiiOKEHHUE B Jpy3e,
OTpaHMYCHHBI BOJI0OOOMEH, HAKOIUIEHHE OPTaHWYeCKOrO BEIeCTBa B BOJHOW TOJIIE H
JOHHBIX OTIOKeHusx [13].

B nepuon Hammx HMCCieMOBaHWM Ha MUIAUHMHBIX ()epMax OTMEUEH CJBHI ITOJIOBOH
CTPYKTYphl MOJUIIOCKOB B CTOPOHY YBEJIMYEHHsS KOJIMYecTBa camioB (puc. 3).
MakcuManbHBI  CHABUT TIONIOBOM CTPYKTYpPbl OTMEUEH Y MUWJAWH, OTOOpaHHBIX B
0. MapreiHOBO#. B 3T0i OyxTe mpeobiaganie caMIioB HaJ caMKaMu coctaBmio 1:4 (9 :
3). Ha BHemmem peiine cooTHomenue monoB coctapuwio 1:1,8 (9 : &). Takas
MaCKYJIMHHM3AIMS ~ TOMYJSIMKA  MOJUTIOCKOB,  TIPOMCXOJSIIasi 1O BO3JCHCTBUEM
3arpsA3HAIONINX BEIIECTB, MOXKET OBITh MPUYMHON PENpPECCUH YacTH MOJIOBBIX TeHOB [7, 10].

A B

2% 3%- 19 %

63 %
09 OJF BElepm 78 %

Puc. 3. Coornomenne monoB y mumuu M. galloprovincialis (A — BuemmHuii peiin;
B — 6. MapTtsiHOBA)

Mopdomerpuueckue napamerpbl MHIUI MMEIOT aJalTUBHOE 3HAYEHHE, IOITOMY
SIBIIIIOTCA yAOOHBIMM MAapKEpPHbIMHM IPHU3HAKAMH IIPU OLEHKE COCTOSHUS OKpPY’KaroIiei
BOIHOM cpeapl. MexaHu3MamMy ajanTalud K TEXHOTEHHOMY IIPECCUHIY SIBIISIIOTCS
yBenudenue Beinykiaoctd (D/L), usmenenune orHocuTenbHOM BbicOTh (H/L) M TOMIIMHBI
pakoBUHHI [§8].

[Ipu n3ydeHun cooTHOIEHHH MOPGHOMETPHUUECKUX MApPaMETPOB Y MHUIIUH OTMEUYEHO,
YTO JOCTOBEPHBIX OTIMYMH B MHAeKce D/L M TONIIMHBI PakOoBUHBI HE HAaOIIOJaOCh
(p=<0,05). Ilpu cpaBHHUTEeNn HOM aHanm3e WHAekca H/L y mMumuii U3 mcciemyeMbix MecT
oOMTaHMs BBISABICHO, 9TO B 0. MapTeiHOBON cootHomeHne H/L Oputo Ooree BBICOKUM
(0,65+0,01), uem na BHemHeM petine (0,5+0,01) (puc. 4).
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0,7 -
0,6 -
0,5 -
0,4 -
0,3 -
0,2 -
0,1 -

0 - T ]

BHewHun peng 6. MapTbiHOBas

Puc. 4. Coornomenne nuaexca H/L y mumuu M. galloprovincialis

OT0, MO-BUMMOMY, CBSI3aHO C TIOBBHIIIEHHON TEXHOI'€HHOM Harpy3koi (3arpsa3HeHue
HedTenpoaykrtamu) B MapteiHOBOM OyxTe. KoHIeHTpanuu HEQTSIHBIX YIIJIEBOIOPOJIOB,
JaXe He JOCTHralollde MOPa)Kalollero YpPOBHSA [UII MOPCKOM OWOTHI, BCTYNalOT B
CJIOXKHBIE B3aUMOJeicTBUS ¢ THApoOroHTaMu. [lepBbIM 3TarioM 3TOro mporecca sBIIeTCs
HaKOIUICHNE WJIM OBEPXHOCTHOE 3arpsi3HEHHE MOPCKUX OpraHu3MoB-oOpacrareseit [12].

Panee oTmewanoch, YTO H3MEHYMBOCTh DPAKOBHH MUAUU B TPHOPEKHOH 30HE
UepHOro MOpsi HMMena YETKYI0 CBA3b MEXKAy HX (opMoi M YpOBHEM pa3BUTOCTH
TEeXHOT€HHOH WH(PACTPYKTYphl moOepexbs. B 9acTHOCTH, MHAEKCH BBIMYKIOCTH H
BBITSHYTOCTH CTBOPOK YBEIMYWBAJINCh B aKBATOPHUSAX MPHYAIOB W MOPTOB [8, 23, 24].
W3MeHeHue wucciienyeMbIX HHAEKCOB TaKXE MOXET IPOUCXOAWTh IIOA BIMSHUEM
Bo3jielicTBUsl MpuOOEB, (U3UYECKOrO JABJCHUS COCEJHUX o0cobell B IMOCENeHHIX
MOJUTIOCKOB [24]. M3BecTHO [22], 9YTO yMEHBIIEHNE BHITIHYTOCTH PAaKOBUH (YBEIUYEHHE
H/L) cBsi3zano ¢ mpucnocoOlieHHeM MUAWNA K CHIDKCHHIO DHEPTeTHYECKHX 3aTpaT IpHU
JUIUTEIBHOM CMbIKAHUM CTBOPOK, H3O0JIMPYIOIEM MOJUIFOCKA OT HEOJIAronpUsiTHBIX
YCJIOBH BHEIIHEN Cpenbl.

3AK/IIOYEHUE

1. VY xyneruBupyemoit muauu M. galloprovincialis orMeueH caBur moaoBoit CTpyKTypbI
B CTOPOHY YBEITMYEHUS KOJMYECTBA CaMIIOB B HanOoJee 3arps3HeHHON MapThIHOBOM
OyXTe, IJie COOTHOIIEHHE MONIO0B cocTaBuio 1:4 (2 : &) 1Mo cpaBHEHUIO C BHENIHUM
peiimom —1:1,8(9 : 3).

2. B axBaTopuu, MOJBEpP)KEHHOH 3arps3HeHuio (0. MapThlHOBa), OTMEUYEH OONBIIUI
MPOLICHT MHUAUN C 4YepHOH OKpackoi paxoBuHBI (77 %), yeM Ha BHEIIHEM peiine
(23 %) .

3. MHWupmexc H/L pakoBuH Muamii OB BBIIE Yy MOJUIIOCKOB M3 0. MapTeiHOBOI
(0,65£0,01) no cpaBHenuto ¢ BHemHuM peiiaom (0,5+ 0,01), uto cBUAETENBCTBYET O
MTOBBIIIICHHOW TEXHOT€HHOW HArpy3Ke B aKBATOPUH MapThIHOBOW OYXTEHI.

4. VYBenuueHWe KOJIMYECTBA MHIMH C UYEPHOH OKpAacCKOW pPAaKOBUHBI, KOJMYECTBA
camiioB, mHiaekca BoiTsHyTocTH (H/L) pakoBunbl M. galloprovincialis smsiercs
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10.

11.

12.

13.

14.

15.

16.

KOCBEHHBIM TIOKa3aTeleM, OTPaXKarolM YPOBEHb SKOJOTHMYECKOH KOMQpOPTHOCTH
MU B pallOHaX pa3sMEILEHUs MAPUXO3SIICTB.

U3 wuccnenyembIx — akBaTopwii HamOonee IEPCHEKTHBHBIM — pPalOHOM  JJIst
KyJIbTUBUPOBAHMS MUIUN SBISETCS BHEIHUHN peiif r. CeBacTomos.
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COMPARATIVE CHARACTERISTICS OF THE ECOLOGICAL STATE OF THE
WATER AREAS IN THE AREAS OF MARINE FARMS (SEVASTOPOL, THE
BLACK SEA)

Chelyadina N. S., Popov M. A.

Kovalevsky Institute of Marine Biological Research, Russian Academy of Sciences, Sevastopol,
Crimea, Russian Federation
E-mail: chelydina2007@mail.ru

At functioning marine farms it is necessary to take into account the mutual influence
of cultivated hydrobionts and the environment. Monitoring researches of mussels biology
indirectly reflect the ecological state of the water area. Mussel Mytilus galloprovincialis
was used as a bio-indicator of the condition of the aquatic environment. The change in the
ratio of phenotypes, sexual structure and morphometric characteristics were used as
indirect indicators reflecting the level of ecological comfort of mussels. In this paper the
description of the areas where marine farms are located in the city of Sevastopol (the
Black Sea) are given. The experimental part of the work was carried out during
2004-2007 on the mussel-oyster farm located on the external raid of the Sevastopol city
and the mussel farm in Martynova Bay. The water area of the external raid is
characterized as a relatively quality environment, the Martynova Bay is occasionally
polluted with oil-products. The phene and morphometric parameters of the shell, the
sexual structure of the mussel population were determined in M. galloprovincialis. To
determine the shape of the shell used indexes of relationships: the height of the shuck its
length H/L (elongation), width to length D/L (convexity). In determining the frequency of
occurrence of phene, a greater percentage of mollusks with a black color of the shell in the
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CPABHUTENBbHAA XAPAKTEPUCTUKA 3KONOIMM4YECKOr O ...

investigated areas, independent of season and year, were noted. The ratio of the brown
color (Br) of the shell to the black (B) in the external raid was 1: 1,9 (Br : B), in b.
Martynova 1 : 3,3 (Br : B). The number of mussels with black shell color is increased
under unfavorable factors of medium. The shift in the sexual structure of mollusks
towards the increase in the number of males is noted. The maximum shift of the sexual
structure was noted in mussels, selected in b. Martynovoy. The predominance of males
over females was 1 : 4 (Q : &) in this bay. The ratio of the sexes was 1 : 1,8 (2 : @) in the
external raid. Such masculinization of the mollusk population, which occurs under the
influence of pollutants, can cause repression of some of the genes. Morphometric
parameters of mussels have an adaptive value, therefore they are convenient marker signs
in assessing the state of the aquatic environment. Mechanisms of adaptation to
technogenic pressing are increasing the convexity (D/L), changing the relative height
(H/L) and the thickness of the shell. There were no significant differences in the D/L
index and shell thickness were noted. In a comparative analysis of the H/L index in
mussels from the investigated water areas, were shown the mussel from b. Martynova
have H/L higher (0,65 + 0,01) then to the external raid (0,5 £ 0,01). This is due to
increased man-made burden (pollution by oil products) in Martynov Bay. The increase in
the number of mussels with black color of the shell, the number of males, the elongation
index (H/L) of the M. galloprovincialis shell are indirect indicators reflecting the level of
ecological comfort of the mussels in the areas where the marine farms are located. The
most promising area for cultivation of mussels is the external raid of the city of Sevastopol
from the investigated water areas.

Keywords: Black Sea, mussel Mytilus galloprovincialis, phene, sex, morphometric
parameters, mussel-oyster farm.
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NEPEXOO HA SUMHEE BPEMSA BbI3bIBAET UIBMEHEHUA
WHOPAOUAHHOW PUTMUKU TEMIMEPATYPbI TENA CTOPTCMEHOB

Apmonwk H. C., Konomunoea O. H.

Taspuueckan akademusn (cmpykmypnoe noopazdenenue) @PIrA0Y BO «Kpvimckuii ghedepanvhoiii
yHugepcumem umenu B. H. Bepnaockozo», Cumepepononv, Pecnyonuxa Kpovim, Poccus
E-mail: nat_yarm@mail.ru

INoxazaHo, 4TO Mepexoj Ha 3MMHee BpeMs NPUBOAUT K U3MCHCHHIO MH(PaJAHaHHON PUTMHUKU TEMIEPaTypbl
TeJla CIIOPTCMEHOB, 4YTO BBIPAXKAETCS B IIEPECTPOHKE CTPYKTYPhl CIIEKTPOB U aMIUIUTYIHO-()a30BBIX
B3aMMOOTHOLIEHUH, TO €CTh B PA3BUTHH JECHHXPOHO3a. JIECHHXPOHO3 y CIOPTCMEHOB 0oOJee BBIPAXKEH Yy
IOHOLIEH, YeM y seBymiek. Hame uccneioBaHue B ouepetHON pa3 MOATBEPXkKIAeT NMPaBHIBHOCTh PEIIEHHs 00
OTMEHE CE30HHOT'0 TIEPEBOJIA BPEMEHM.

Kniouesvie cnosa: nubpannannas puTMUKa, TEMIEpaTypa Tena, Iepexosl Ha 3MMHEE BPEMS], CTIOPTCMEHBI.

BBEJIEHUE

AxTyanpHOW TpOOIEeMOil  CHOPTHBHOM  (PU3UONIOTHH  SBISETCS  MOBBIIIEHHE
paboTOCTIOCOOHOCTH, YCTOMYMBOCTH CIIOPTCMEHOB K ACHCTBHIO (DaKTOPOB Cpedbl, H,
CIIe/IOBATENbHO, TOBBINICHHE J()(HEKTHBHOCTH CIIOPTHBHON JesATeNbHOCTH. BosHuKaer
MHOXXECTBO  CHUTYyallMd, KOTOpPBIE MOTYT BJIHSATh Ha W3MEHEHHE PHTMHUKH
(PM3HOIOTHYECKUX CHCTEM: NpPHU pPa3UYHBIX PACHHCAHUAX CMEHHOW paloThl, MpH
npeObIBaHUK B TOMSIPHBIX pailoHaX, TpH I[epenerax M TIepee3ax B HIMPOTHOM
HaIpaBJIEeHHH CO CMEHON YacOBOTO I0SiCa FIIM CMEIICHHOTO PEKMMa BHEITHUX JATYHUKOB
(mepeBox crpemok) [1]. Bce ot (dakropsl MOryT OBITH MPHYMHAMH Pa3BUTHS
JECHHXPOHO3a, KOTOPEIi, B CBOIO O4Yepeb, CHIKAeT 3(PPEeKTUBHOCTD U Pe3yIbTaTUBHOCTD
TPEHUPOBOYHOTO TIPOIIECCa.

Baxxnoe wecto B cucTeMe TOATOTOBKM CIIOPTCMEHOB 3aHMMAeT  OIeHKa
3 PEKTUBHOCTH TPEHUPOBOYHOI'O TIpollecca, KOTopas HEBO3MOXKHA 0e3 aHajm3a
nHpopMaru 0 (PYHKIIMOHATHHOM COCTOSHHH CHUCTeM opradm3ma. (CoriacHo
COBPEMEHHBIM MPEICTaBICHIIM, (DYHKIIMOHAIBHOE COCTOSHIE B 3HAYMTENFHOW CTENeH!
olpenenseTcs BPEeMEHHOW opraHm3anviell (U3NOJOTHYeCKUX CHUCTeM. B CBs3uM C 3TUM
PENIEHUI0 TaKoi MpoOIeMbl, KaK MepeBOJI YaCOB, TOJDKHBI CIIOCOOCTBOBATH MCCIIEIOBAHUS
MOCTIEICTBUN N3MEHEHHS (PYHKITMOHATHHOTO COCTOSTHUS YEIOBEKa.

[losTomy mpencraBisger HWHTEpEC HCcienoBaHNe (YHKIIHMOHAIBHOTO COCTOSHHS
CIOPTCMEHOB TIPH TIEPEBOJIE YaCOB HA 3WMHEE U JIETHee BpeMs.. B CBS3W C 3THM LENbO
TAHHOTO JKCIIEPUMEHTA SIBHJICS aHann3 uHppaanaHHaeix putMoB (MP) Temmepatyps! Tena
Y IOHOIIIeH U AEBYIIEK, 3aHUMAIOIINXCS CIIOPTOM, B TIEPHOJ ITepexo/ia Ha 3SUMHEE BPEMS.
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MATEPHUAJIBI U METO/JIbI

B nccnenoBanuu ydactsoBano 40 cnopTcMeHOB-UTPOBUKOB, 13 HUX 20 roHomel u 20
neBymiek. Bce oOcienoBaHHBIE JHIA SBISIMCH CTyAeHTamMu 1—4 KypcoB (akynbTera
(u3rueckol KylbTYyphl U criopTa TaBprueckol akajaeMuu (CTPYKTYPHOE MOIPa3aciICHHE)
OI'AOY BO «K®Y wumenu B. U. Bepnaackoro». BozpacT uCHBITyeMBIX COCTaBHII
18-21 ropn, crax 3aHsTUi criopToM — He MeHee 3—5 ner. MccnenoBaHusi mpoOBOIMIIUCE
exenHeBHo ¢ 8 g0 10 yTpa 10 TPEHHPOBKHA CIOPTCMEHOB. Y BCEX BOJIOHTEPOB
onpenensyics  Ouomornyeckuii nmpoduab [2], BCe UCHBITYEMble OTHOCHIIHCH K
APUTMHYHOMY THUIY. DKCIEPUMEHT MPOBOAMJICS B TEPUO]] Mepexoa Ha 3UMHeEE Bpems,
KOTOPBIH OCYIIECTBISUICS B HOUBb ¢ 26 Ha 27 oktsi0pst 2013 roga (B 310 Bpems KpbiM erie
HaXOJIWJICSL B COCTaBE€ YKpPAaWHbI, B 3TOM CTPAHE 10 CUX IIOP OCYLIECTBIISIETCSI CE30HHBIN
nepeBox BpemeHu). VP TemmepaTypsl Tena CHOPTCMEHOB MCCIENOBAIACh B TEUEHHE
14 cytok o mepeBojsia BpeMeHu B mepuoA ¢ 13 mo 26 okTa6ps 2013 roga, U B TeueHHe
14 cyrok mocie nepeBoja BpeMeHH B riepuo/] ¢ 27 okTs0ps o 9 Hostops 2013 roxa.

Jna onpeneneHus TemmepaTypsl Tena OBIT HCIONIB30BaH PTYTHBIH TEPMOMETD.
Temneparypa usmepsIach B OAMBIIIEYHON BIIAIUHE.

[IpoBepka MoOTy4eHHBIX JAaHHBIX HA 3aKOH HOPMAJBHOTO PacHpeAeseHHs ITO3BOJIMIA
MIPUMEHUTH NTapaMeTPUIEeCKU METOJ] B CTATUCTUYECKOH 00paboTKe M aHaIM3e MaTepuaia
WCCIIEIOBAaHMS. BBIUUCIAIN CpefHee 3HAuYe€HWE HCCIEAYEMBIX BEIUYMH M OMINOKY
cpenneii. OIEHKY TOCTOBEPHOCTH HAOIIOJaeMbIX M3MEHEHWH MPOBOIMINA C IMTOMOIIBIO
t-kpurepust CThiojieHTa. 3a JIOCTOBEPHYIO NMPUHHUMATIN pas3HOCcTh cpenuux npu p<0,05.
Pacuersl u rpaduveckoe odopmiieHHE MOTYYEHHBIX B padOTe JaHHBIX MPOBOJMINCH C
HCIIONb30BaHMeM mporpammel Statistica u Microsoft Excel [3, 4].

B kauecTBe OCHOBHOI'O MeETOJA aHaJIU3a IPOMOJDKUTENBHOCTH IIEPUONOB U
aMIUIMTYHO-(Da3HBIX XapaKTEPUCTUK TEMIIEPAaTyphl Tela HCHOIB30BAIN  OBICTpOE
npeobpazoBanue Pypbe, obecreunBaroliee pa3IoKEeHUE BPEMEHHOIO psiia Ha KOHEUHOE
YHUCIO 3JIEMEHTapHBIX I[EPUOJUYECKUX KOMIIOHEHT, M IporpaMMy KOCHHOp-aHaIMu3a
(pemenne cucTeM JMHEMHBIX ypaBHEHME MeromoMm Kpamepa), maromme IOTHOE
MpEeACTaBIEHHE O CTPYKTYpE (PU3HOIOTHIECKAX PUTMOB [5].

PE3YJIbTATBI U OBCYKJIEHUE

AnHanu3upysl pe3yiabTaThl IMPOBEACHHBIX HMCCIECAOBAHHM, OTMETHIM HEKOTOpPbIE
pasnmuuus B P temmepaTypsl Tena NEBYIIEK M IOHOLIEH, 3aHUMAIOIIUXCS CIIOPTOM, B
YCIIOBHU IEPEX0/a Ha 3UMHEE BpeMs.

Jlo mepeBoma BpEMEHM CIEKTP IEPUOIOB AEBYIIEK-CIIOPTCMEHOK COCTOSUT M3 TPex
putmoB: ~2913, ~2998 u ~4°41. AMIIMTYIBl BBIIENCHHBIX PUTMOB KOIEOANHCh OT
0,0087+0,0011 ycm. en. mo 0,0098+0,0014 ycm. en. JJoMUHHPYIOIMM SIBISUICS TEPHOI
~2913. C yBenudeHHeM [UTMHEI MEPHOJA OTMEYAETCS TEHICHIHS K CHIDKEHHIO aMILTHTYIbI
purmoB. Ilocne mepeBoma BpeMEHHM B CIEKTpE MAEBYIIEK-CIIOPTCMEHOK KOJMYECTBO
BEISBICHHBIX TIEPHOJIOB YMEHBIIMIOCH, M OTMeuaercs ma putva: ~2%13 m ~4900. C
YBEIMUYCHUEM UTUHBI IEPHOAA AMIUIUTYbI PUTMOB BO3pPAacTalld, JOCTHIAasi MAKCUMAIBHOTO
3HAUEHHMs B JJOMHHHpYomeM putMe — ~4°,00 (0,1240+0,0024 yen. ex.) (puc. 1).
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Puc. 1. Cnektpsl nieproioB MH(MPaIUaHHBIX PUTMOB TeMIIEpaTyphbl Tela JIEBYIIeK-
CIIOPTCMEHOK 10 H IIOCIIE IIEPEXO0/Ia Ha 3UMHEE BPEMS

Takum obpa3om, wuccnenyembiii crnektp WP temmeparypsl Tenma  JieBYIIEK-
CIIOPTCMEHOK TIOCIIe Mepexojia Ha 3MMHEe BpeMsi CTAHOBUTCS MEHEe HACBHIIEHHBIM, TaK
KaK BBISIBIISICTCS JIBa MEPUOJIa, YTO HA OJIMH IIEPHUOJI MEHBIIE, YeM JI0 TIepexojia Ha 3uMHee
BpeMmsi. [Ipu 5ToM mocie mepexoja Ha 3UMHee BpeMsl JOMHHUPYIONIMH PHTM B CIEKTpe
JIEBYIIEK-CIIOPTCMEHOK CMEIIAETCSl B CTOPOHY BBICOKOYACTOTHBIX PUTMOB OTHOCHUTEIHHO
JOMUHUPYIONIETO PUTMA, BBISIBJICHHOTO JIO IepeBojia BpeMeHH. Clieyer OTMETHTh, Y4TO JI0
epeBoJa BpPEMEHH oTMeuarorcs nepuonbl ~2°98 m ~4941, He BBIABIGHHBIC MOCIE
nepesoia BpeMenn. Torja Kak IOCTe MepeBOia BpeMeHHM oTMedeH putm ~4°00, He
XapaKTepHBIH 70 Iepexoa Ha3uMHee» Bpems (puc. 1).

KocuHop-ananm3 Mmo3BONHMI BBISIBUTH ONpEICICHHBIE MEK(pa3Hbe COOTHOLICHHS Y
JIEBYIIEK-CIIOPTCMEHOK 710 M ITIOCNIe Tepexofa Ha 3MMHee BpeMsa. B coBmamaromem
neproze ~2%,13 GbUT OTMEdeH 1OCTOBEPHBIH caBuT (a3 Ha 311 © (p<0,05) (puc. 2).

ns2(1.57
13 188 173 14 18
B 2,04

Puc. 2. Kocuroporpamma nepuona ~2°,13 (pajmanbl) TeMIiepaTypsl Tena JeByIIeK-
cnoptcMeHok: 110 (1) u mocne (2) mepexona Ha 3MMHEE BpeMst
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B WP temmeparypsl Tena IOHOLIEH-CIIOPTCMEHOB 10 TEpeBOJa BPEMEHH ObLTH
BBISIBJICHBI ClIemyromue mepuoast: ~2%21, 2972 u ~5957, npu 5TOM JOMHHHPYIOLIIM
puT™MoM 6611 — ~2%,21 ¢ ammmaTynoii 0,0065+0,0020 yei. exn. ITocie mepexosa Ha 3uMHee
BpeMsl B CIEKTpE y FOHOMLIEH-CIIOPTCMEHOB OTMeEdeHbl Takue putMbr: <2921, ~3912 u

~49 13, npu 5TOM JOMHHHUPYIOIIHM GBI BEICOKOYACTOTHEIH mepuoa ~3%12 ¢ ammiuTynoi
0,0074+0,0016 yci. en. (puc. 3).

0016 B 10 MEPEBOJA
’ O MOCIIE MEPEBOOA
0,014
~ 0,012
g
5 001
g .
& 0,008 T |
£ T
Z 0,006 J. = T
=
< 0,004 -
0,002 -
0 : : : :

2,21 2,72 3,12 4,13 5,67
Mepuoabl (cyTkn)

Puc. 3. CrekTpsl meprojioB WHGpaIUAHHBIX PUTMOB TeMIIEpaTyphl Tella FOHOIIEH-
CIIOPTCMEHOB JI0 U ITOCJIE NEPEX0Ja Ha 3UMHEE BPEMs

TakvM 00pa3oM, B CIIEKTPE FOHOMIEH-CIIOPTCMEHOB KOJIMYECTBO BBISIBIICHHBIX PHTMOB
JI0 M TIOCJIe TIepeBOjia BPEMEHH COBIAJaeT U COCTaBlsieT 3 mepuoaa. Kpome Toro, mocie
mepeBoza BpeMeHHM goMmuHHpyommii  purM  (<3%12) cMmemjaercss B CTOpPOHY
BBICOKOYACTOTHBIX PUTMOB OTHOCHUTEIBHO TAKOBOTO, BBISBICHHOTO JI0 IEPEBOJa BPEMEHU
(=2%,21). TIpu 3TOM 10 TIEpeBOA BPEMEHH OTMEUEHA TCHICHINS K TOHIKCHHUIO aMILTHTY/I
C YBEINUYEHHWEM JJIMHBI IEepUOoJa, TOTJA KaK IOcie IepeBOJa BPEMEHH aMIUTHTYIbI
BBIJICICHHBIX PUTMOB BO3pAcTalOT € YBEIMYEHHEM JUIMHBI Neprojia. B coBmajnaroniem
nepuoze (<221 oTMeueHa NIMIIL TEHIEHINS K MOHIDKEHHIO aMIUTHTYJ MOCTIe Tepexona
Ha 3uMHee BpeMs (puc. 3).

KocrHop-aHanu3 mo3BONWII BBISIBUTH ONpPECNICHHbIE MeX(pa3HbIe COOTHOIICHHS Y
FOHOIIEH-CITOPTCMEHOB JI0 U TOCJE MEpeBoJia BPEMEHH. B BBICOKOYACTOTHOM IepuoJie
~29 13 orMeueHa TOMBKO TEHIAEHIHS K cnBury ¢asz Ha 15 °.

Takum o0pa3oM, TONyYeHHBIE HaMH JAHHBIC 3HAYUTENHLHO  PACIIUPSIOT
MPEACTABICHUS. O PACCOTIACOBAHWU OWONOTMYECKAX PUTMOB MPH TMEPEXOJic Ha 3UMHEe
BpeMsi. PaHee HamMu OBUIO TOKa3aHO, 4YTO TMEPEXOJ HAa 3UMHEE BpEMsS BBI3BIBACT
JIECHHXPOHO3  CEPJICYHO-COCYJMCTOH CHUCTEMBI CIOPTCMEHOB, 4YTO BBIpaXKaeTcs B
MIEPECTPOIKe CIIEKTPOB U aMIUIUTYTHO-()a30BBIX B3aUMOOTHOIIeHUH [6]. [Ipyrue aBTOpHI
OOHApYXHITM W3MEHEHHsI TEMITEpaTyphl Tella MPH Teperierax U nepee3iax B IMUPOTHOM
HampaBJIeHHH CO CMEHOW dacoBoro mosca. Tak, T.Sasaki (1964) BeisBWI, YTO
nepeceyeHre Bcero Jmnib 0,5-4acoBOro mosica 3a CYTKH YK€ MPUBOJHUT K HAPYIICHUIO
XPOHOCTPYKTYPBI [UPKAIMAHHOTO puT™Ma TeMIIEPaTyphI Tena, KOTOpast
BOCCTaHABIIMBAETCS MO3KE Apyrux mnokaszarened [7]. Kpome Toro, u3BecTHo, 4yTo mociue
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nepernera Ha 3amaji puTM TeMIlepaTyphl Tella BoccTaHaBinBaercs 3a 3—12 cyTok, a mocie
mepernera Ha BOCTOK — 3a 3—15 cyTok [8].

Pe3ynbTaThl IPOBEACHHOIO MCCIIEAOBAHMS CBHJICTEILCTBYIOT O TOM, YTO MEPEXOA Ha
3UMHEC BpEMA CTAHOBUTCA HpI/I‘II/IHOﬁ JACCUHXPOHO3a Yy CIIOPTCMCHOB. TunuyaeiMu
MPOSIBIICHUSAMH JIECHHXPOHO3a SBISIIOTCS CHIDKEHHE Pa0OTOCHOCOOHOCTH, BSJIOCTB,
yCTaJIOCTh, HApYIIEHHWS CHA, JAEITEIBHOCTH JKEIYJO0YHO-KHIIEYHOr'0 TPaKTa, dYacTo
HAOMIOAI0TCS TOJIOBHBIE Oonu, mmyM B ymax u apyrue seiaeHus [9]. Octpwrit
ACCUHXPOHO3 MPOABJIACTCA BBIPAXCHHBIMH HAPYIICHUSAMU pHUTMAa COH — 6OI[pCTBOBaHI/IC,
HU3MCHCHUSAMHU MICUXUYCCKOI'o CTaTyCa U BEre€TOCOCYANCTBIMU CABUT'AMMU. OTMC‘-IGHO, qaTo 'y
CIIOPTCMEHOB, HE NPOMICAIINX KypC CHENUATbHOW KOPPEKIWH, HaOIOJaeTcs OCTPHIi
CpeIB  aJallTallMOHHBIX BO3MOKHOCTEH. B koHeuHoM wuTOre 9TO IIPpUBOAUT K
CYILLIECTBEHHOMY CHIKEHUIO (hyHKITMOHATIBHOMN TOTOBHOCTH CIIOPTCMEHOB,
HEBO3MOYKHOCTH ITOJTHOIIEHHOW MOATOTOBKH K MPEACTOSANIMM CTapTaM M, CIIeOBATENBHO,
K CHWKeHUIo pesynbraTuBHOCTH [10]. Hame wucciemoBanne B odepemHod pa3
MOJTBEPKIAET MPaBUIILHOCTD PelIeHusl 00 OTMEHE CE30HHOTO TIepEeBO/Ia BPEMEHH.

3AKIIOYEHUE

1. Tlepexon Ha 3UMHEE BpeMs COIIPOBOXKIAETCS U3MEHEHUSIMHI MH(paTUaHHOW PUTMHUKH
TeMIepaTypsl Tella y CHOPTCMEHOB, 4YTO BBIPAXKAETCA B COKpAIIEHWH dHCIa
BBISIBJICHHBIX TIEPHOJIOB, H3MEHEHUN aMILTUTY/I U JIOCTOBEPHBIX cBHUrax (a3, To ecTh
B pa3BUTHH JIECHHXPOHO3A.
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TRANSITION TO WINTER TIME CALLS INFRARED RHYDRICS OF BODY
TEMPERATURE

Yarmolyuk N. S., Kolotilova O. I.

V. I. Vernadsky Crimean Federal University, Simferopol, Russian Federation
E-mail: e.yatsenko@mail.ru

The actual problem of sports physiology is to increase the efficiency, the stability of
athletes to the action of environmental factors, and, consequently, to improve the
effectiveness of sports activities. There are many situations that can affect the rhythm of
physiological systems — with different schedules of shift work, while staying in polar
regions, during flights and crossings in the latitudinal direction, with a change in the time
zone or a shifted regime of external sensors (translation of arrows). All these factors can
be the causes of desynchronosis, which, in turn, reduces the effectiveness and
effectiveness of the training process.

An important place in the training of athletes is the assessment of the effectiveness of
the training process, which is impossible without analyzing information about the
functional state of the body systems. According to modern concepts, the functional state is
largely determined by the temporal organization of physiological systems.

The solution of the problem of transferring the clock to "winter" time should be
promoted by studies of the consequences of changes in the functional state of a person.

Therefore, it is of interest to study the transition to "winter" time.

In connection with this, the purpose of this experiment was the analysis of the
infrared rhythms of body temperature in young men and women involved in sports, during
the transition to "winter" time.

The investigated spectrum of the infra-rhythmic rhythm of the body temperature of
female athletes after the transition to "winter" time becomes less saturated, since two
periods are revealed, which is one less period than before the transition to "winter" time.
In this case, after the transition to "winter" time, the dominant rhythm in the spectrum of
female athletes is shifted towards high-frequency rhythms with respect to the dominant
rhythm detected before the time transfer. It should be noted that before the transfer of
time, periods of ~2%98 and ~441 are noted, not detected after the time transfer. Then,
after the transfer of time, a rhythm ~4% 00, not characteristic before the transition to the
"winter" time.

Thus, after the transfer of time, the dominant rhythm in the spectrum of young
athletes is shifted towards low-frequency rhythms relative to that found before the time
shift. In this case, before the time shift, the tendency to decrease of the amplitudes with an
increase in the length of the period is noted, whereas after the time transfer the amplitudes
of the isolated rhythms increase with increasing period length.

Keywords: infradian rhythm, body temperature, transition to "winter" time, athletes.
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NMOKA3ATEJIM YMCTBEHHOU PABOTOCIMOCOEBHOCTU
N OCOBEHHOCTU BMOJNEKTPUYECKON AKTUBHOCTU MO3rA B
PA3HbIE rogbl ObY4YEHUA B BY3E

Hyenxo M. B.

DI'bOY BO Anmaiickuii 2ocyoapcmeennulii ynusepcumem, bapnayn, Poccus
E-mail: e.yatsenko@mail.ru

[IpoBeneHa oreHka IMHAMUKH IOKa3aTellell YMCTBEHHOH pabOTOCIIOCOOHOCTH M HEWpOo(H3MOIOrHIeCKHX
MEXaHM3MOB HMX OOECIIeUeHHs! Y CTYJCHTOB 1-3 KypcoB OOydeHWs. AHaiu3 pe3ylbTaToB, MONYYeHHBIX Ha
OJIHMX M TEX )K€ CTYJICHTAaX, IO3BOJMJI C/eNaTh 3aKIIOYEHHE O TOM, YTO IIOKa3aTelu oObeMa M CKOPOCTH
nepepaboTKH HHPOPMALIK YBEINYMBAIOT CBOM TTOKa3aTeIH M3 rojia B rof. JlaHHas TeHIeHIUs HaOIroaeTcs
Ha (OHE IOCTOBEPHOIO CHIDKEHHS aMIUIMTYIbI, MOIIHOCTH, WHJEKCAa NeJbTa-pUTMa W YBEIHUYCHHS ero
YacTOThI, KPOME TOro, B MCCIIEIyeMBbIH IEpHOj BO3pacTaeT 3HAUCHHE MHJEKca OeTa-puTMa, a TaKkKe
HaOJII0aeTcs yBeJIMUSHNE 3HaUSHNsT MOIIIHOCTH TeTa-PUTMa Y CTYIEHTOB 1-T0 U 3-TO KypCOB.

Knrwouesvie cnoga: yvcrseHHast paboToCIoCOOHOCTD, PUTMBI 3IEKTPO3HIIE(AIOrPaMMBl, CTYIEHTHI.

BBEJEHHUE

CoBpeMeHHBIE YCIOBHSL 00pa30BATENBHOrO MpoIecca MPEAbIBISIOT  YYaIlIuMCS,
0COOCHHO Ha MEPBOM JTalle, BHICOKHE TPEOOBAHUS K pean3alii KayecTB, OTBEUYAFOIIIX
3a TMPOIECChl BOCTIPUSTHA U IepepabOTKy, 3allOMHHAHWE W BOCIPOM3BEICHHE HOBOMN
napopMaruu. Ih(PEKTHBHOCTD MpoIecca aganTaii OnpeaesieTess (HOPMHUPYIOITUMUCS
(YHKIIMOHANBHBIMH ~ CHUCTEMaMH, KOTOpble C OJHOH CTOPOHBI  O0ECHEYUBAIOT
MPHUCIIOCOOUTENLHBIA Pe3yNbTaT, a C JPYrod CTOPOHBI — peau3alrio JCATENbHOCTH U
COXpaHEeHHUE MOCTOSIHCTBA BHYTPEHHEH cpebl opranusma [1]. [Ipu atom npucnocobiienne
K HOBBIM (pakTOpam 00pa3oBaTEIBLHOI'0 MPOIEcca B BY3€ COMPOBOXKIAECTCS KOMITIIEKCOM
aJIanTAllMOHHBIX PEAKIUi, KOTOPbIE BHI3BIBAIOT HAMPSIKEHHE KOMIICHCATOPHBIX CHCTEM
opranmusma [2].

OT ToOro, HACKOJNBKO YCIIEHIHO MPOXOJUT aJanTalis K HOBBIM YCIOBHUSIM, Oyner
3aBHCETh HE TOIBKO YPOBEHb IIOJTOTOBKH CIICIMAIKNCTA, HO M COCTOSIHHE CUCTEM
OpraHu3ma, 3aJeiCTBOBAHHBIX B JIAHHOM TpoIlecce. IJTO ONpenenseT aKTyalbHOCTh
HCCIICIOBAHNM, HAMpaBICHHBIX HAa W3YyUYCHHWE MEXAHHW3MOB aJanTalud K Y4eOHOH
JIeATEILHOCTH, PEe3yNbTaThl KOTOPBIX MOTYT HCIONB30BAThCSA KakK JUisi TOBBIIICHUS
YCIIEIIHOCTH YCBOCHUSI HOBOW MH(OpPMAIIMH, TAK U JJIsl COXPAHCHHS PECYpPCOB OpraHu3Ma,
o0ecIeunBaloNIuX 3I0POBLE CTYICHTOB.

Pesynprar, QopMupyrompxcs nOpu  ajanTamdd  (QYHKIHOHAIBHBIX  CHCTEM,
oTpaxkaetcsi B (YHKIMOHAILHOM COCTOSIHMM OPTaHH3Ma, KOTOpOe MPEACTaBIIACT COOOU
XapaKTePUCTUKU MPOIIECCOB, CBOWCTB M  KauyecTB, OOYCIOBIMBAIONIMX YPOBEHb
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AKTHBHOCTH CHCTEM M 3P (PEKTHUBHOCTD AEATENbHOCTH [3—6]. OyHKIMOHAIBHOE COCTOSHHE
HEPBHOW CHUCTEMBbI, €¢ aKTUBHOCTh COOTBETCTBYET BHUJY BBINOIHIEMOH IESITEIBHOCTH,
Ka)XJIOMy COCTOSIHUIO COOTBETCTBYET KadeCTBCHHas CIEHU(UYHOCTh CTPYKTYPBI
nepeOpaibHOH  HEHpoHHOH cetn [3], YTO TPOSBISIETCA B XapaKTEPUCTHKAX
OMODIIEKTPUYECKON aKTUBHOCTH MO3Ta.

B cBsi3M co ckazaHHBIM, II€IbI0 HACTOSIIEH paboThl SBUIOCH M3YYECHHE YMCTBEHHOW
paboTocrnocoOHOCTH 1 OMORIIEKTPHUYECKON aKTUBHOCTH MO3Ta B Pa3HbIC TOABI O0Y4YEHHS Y
OJHUX U TCX K€ CTYJACHTOB.

MATEPUAJIBI U METO/IbI

B xome Hactosimero wuccienoBaHusi ObIJIO MPOBEACHO CpaBHEHUE ITOKa3aTelnei
YMCTBEHHOW paboTOCIIOCOOHOCTH M OMO3JIEKTPHUYECKOH aKTHBHOCTH MO3Ta y CTYJEHTOB
Ha 1-M, 2-M u 3-M Kypce oOy4enus. Bo Bcex 3amepax JeHb HeeIU ObLI MOHEIEIbHUK, B
WCCIIEIOBAaHUH TPUHSIM y4acTUE OJTHU U Te K€ CTyIEeHTHI: 16 venoBek (aeBymku 17-21
rojia) Ha TIEPBOM Kypce, BTOPOM Kypce U Ha TPETheM Kypce.

OrneHka yMCTBEHHOM paOOTOCIIOCOOHOCTH TPOBOAMIIACH C TIOMOIIBIO OYKBEHHBIX
tabmui Bypnona — AndumoBa [7]. PaccuuThIBaMCh Cleayroye oKa3aTeNm:

— o00beM obpaboranHo# nHGOopMaryy (V — KOITUYECTBO MPOCMOTPEHHBIX OYKB);

— CKopocTh 00paboTkn mH(MopMmarmu (S — KOIUYECTBO MPOCMOTPEHHBIX OYKB 32
OIHY MHHYTY);

— TouHocTh (I[IT=KonMM4YecTBO 3a4ePKHYTHIX OYKB/KOIMYECTBO 3aUEPKHYTHIX OYKB +
KOJIMYECTBO OILIHOO0K).

ITponomKuTenbHOCTh KOPPEKTYPHOH IIPOOBI COCTaBsUla 2 MUHYTBI, HPU 3TOM
mokasaTenb o0beMa Ompenersuics 3a BCce BpeMs IPOBEACHMS INPOOBI, a IOKa3aTenlb
CKOPOCTH — TOJBKO 3a BTOPYI0O MHHYTY, YTOOBI HCKIIOUHTH BIMSHHE HAa pe3yiabTaT
s dexTa BpabaThIBaHUA.

Perucrpanuss OO Bemach ¢ mnomomipio mpubopa «Ouuedaman  131-03»,
momudukamus 10 («Meagmkom», Poccus), or 21 oTBeacHHMI, MOHOIOJSIPHO, II0
MexayHapomHoit cucreMe 10-20, B TONOXKEHWUM CHISA, B COCTOSHHH CIIOKOWHOTO
00ApCTBOBAHNUS IIPU OTKPBITHIX U 3aKPBITHIX IN1a3ax. PedepeHTHbIE 37eKTPOIbl KPEIHINCh
K MOYKaM YILEH.

st muddepentmanum apredakToB D31 OMHOBPEMEHHO MPOBOAMIIACH PETUCTPAITUS
BEPTUKAIbHOW M TOPU30HTAJIBHONW 3JIEKTPOOKYJIOTPAMM, 3JIEKTPOKApAMOTPAMMBl U
JJIEKTPOMUOrPaMMBbl. PerucTpupoBaiu YeThlpe OCHOBHBIX JAMAIa30Ha COCTABIISIOIIUX
O0rI': menpra — 0,34 I'u, Teta — 4-8 ', ansda — 813 I'u, 6era — 13-30 I'u, mpu 3TOM
MoKa3aTenu JenbTa-, TeTa- U OeTa-pUTMOB OINpPENE/SUIMCh B NMPOOE C OTKPHITHIMU
rflazaMH, a ToKaszaTedu anbpa-puTMa — C 3aKpbITBIMH TIJa3aMu. [uTenbHOCTh
aHanu3upyeMbix ydacTtkoB D3I cocraBmsima 15-20 cexkyna. Mcmonb3ys nmporpaMMHOE
obecriedeHne mprudopa 1mo BceM kaHaiam B nuamna3one ot 0,3 I'm mo 30 ', onpexemnsim
CIIEAYIOLINE XapaKTEPUCTUKN PUTMOB 3JIEKTPO3HLE(amorpaMmsbl:

— abcomtoTHbIe 3HaUEHN aMIUIATYX (A3A) MO BRIOpaHHBIM YaCTOTHBIM JTHAITa30HAM
(MkB);

— abcomoTHBIE 3Ha4YeHUs1 MormrHocTed (A3M) — mIom@anb Moa COOTBETCTBYIOINM
YYaCTKOM CIIEKTPOIPaMMBbI IO BHIOPAHHBIM YaCTOTHBIM jAuanasoHam (MkB%/I'm);
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— 3Ha4YeHUs AOMHHUPYIONUX yacToT (3I9) mo BEIOpAaHHBIM YaCTOTHBIM JHANA30HAM

— YaCTOThI, COOTBETCTBYIOIIME MAKCUMYMY Ha ydacTke criekrporpammsl (I');

— WHJIEKCHI anb(da-, Oera-, IeIbTa- U TETa-PUTMOB OTPAXKAIOT BBIPAKEHHOCTD JAHHBIX
YaCTOTHBIX KOMIIOHEHTOB B D01,

B  KkayecTBE  WMHTErpaTHBHOIO  TOKa3aTels  (YHKIHOHAIBLHOTO  COCTOSHUS
HCIONB30BAINCh YCPEAHEHHBIC XapaKTEePUCTHKH putMa I3 ¢ [ENbi0  BBISBICHHS
00IIIEMO3rOBBIX XapaKTepHCTHK [8].

MaremaTrueckasi o0pa0b0OTKa MaTEPUAIIOB MPOBOMJIACH C TIOMOIIBIO IaKeTa MpOorpamm
«SSPS v.13».

PE3YJIbTATBI 1 OBCYXIEHUE

[IpoBeneHHbIid aHanNM3 TOMYYEHHBIX pPE3yJAbTATOB BBISIBHJ HAalUYHE CXOIHBIX
0COOCHHOCTEH ToKazaTeneld o0beMa U CKOPOCTH TepepadOTKH MHQPOpMAIKd B pa3HbIe
rOJIbl UCCIIEA0BAHUI: KaK 00beM, TaK ¥ CKOPOCTh YBEIMYHMBAIOT CBOU MOKAa3aTeNN U3 roja
B rox (puc. 1). IIpudem umeroT MecTo gocToBepHbie pasnuuus (P<0,05) Mexmay nepBbIM U
rocienHuM rogamu. IIpu cpaBHEeHHH MTOKa3aTelns TOYHOCTH B TPEX 3aMepax JOCTOBEPHBIX
pasIuunii MeXAy HUIMH 00HapYKeHO He OBLIO.

O6Bem mepepadboTaHHOH HHOPM ALTHH CropocTs IepepadoTEH HHPOPMALHH

1000.00 500,00
k¥
900,00 T 450,00
800,00 T . 400,00
g 700.00 T 1 E 350,00
600,00 1 ; 300,00
500,00 250,00
400,00 200,00
‘ O 1xype O2 xypc H 3 xypc ‘ O 1 kypce O 2xype H 3 Kypc

Puc. 1. Ilokazarenn yMcTBEHHOW pPabOTOCIIOCOOHOCTH B pasHbIe TOABI OOydeHWUs
(* — craTucTHuecky 3HaUMMBIE pasanyns mpu P<0,05)

[TockonbKy B pasHble TOABI B 3aMepax y4acTBOBAJIM OJHU W T€ K€ CTYICHTHI B
mepuoa WX oOydeHus Ha 1-m, 2-M u 3-M Kypce, TO OOHapyXeHHbIE OCOOCHHOCTH
JMHAMUKH YMCTBEHHOH pabOTOCIIOCOOHOCTH CTYAEHTOB MOXKHO CBSI3aTh C HpOIECCaMU
JIONITOBPEMEHHOW a/IalTalliH K BY3Y.

MOXHO TpEeAnoNOXKHTh, YTO MNPUYMHOM TaKUX  pE3YyIbTaToB OBUIO  TO
(GYHKIIMOHAIEHOE  COCTOSHHE  IIepel  BBIOJIHEHHWEM TeCcTa Ha  YMCTBEHHYIO
paboTOCTIOCOOHOCTE, B KOTOPOM HAXOAMJIMCH HCIIBITYEMbIE HA MOMEHT M3MEPEHUI.
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AnHann3 OMO3JIEKTPUYECKON aKTUBHOCTH MO3Ta OOHAPYKUIJI JOCTOBEPHBIE Pa3inyus B
ucxogHoM coctosHuu (puc. 2). Ilpaktuueckn Bce xapakrepuctuku I3 B menbra-
JMamna3oHe HMenu JocToBepHble pasnuuust (P<0,05) mexay mnepBbIM M HOCIETHUM
3aMEpPOM.

AMIUIHTY 12 IebTa-p UTMa WHzeKe fembTa-pHTMa

* * 70,00 * %
4,00 | 60,00 T
| 50,00 L T
2 3,00 ’ T
z > 40,00
> ®
£ 2,00 30,00
1,00 20,00
10,00
0,00 0.00

O 1xype O2xypce B3 xypc 01 xype 02 xypc @3 kype

Yacrora JCIbTa-p nTMa M OIIHOCTH JACIbTa-pUTMA

2,50 100,00

2,00 80,00 *
1,50 Y 60,00

= £ [

1,00 g 40,00 I

0,50 20,00

0,00 0,00

0O 1 kype 02 kypce B3 kypce | O 1 xype O2xkypce B3 kypce

Puc. 2. Tlokasarenu JeibTa-aKTUBHOCTH B pasHble TOOBI  OOyYeHHs
(* — craTucTHuecky 3HaUMMBIE pasiauyns mpu P<0,05)

[epBeiii 3amMep XapakTepu30Bajcs BHICOKHMH 3HAYCHUSMH aMIUTATYbI, MOIIHOCTH,
WHJEKCA JeNbTa-pUTMAa M HU3KUM 3HAYEHHEM €ro 4YacToThl B MPOTHBOIOJIOKHOCTH
MOCNEHEMY 3aMepy, T. €. HCXOJHOE COCTOSHHE WCIBITYEMbIX B TIEPBOM 3amepe
XapaKTepH30BaTIOCh HAJIMYMEM BBIPAKEHHBIX TOPMO3HBIX BIHMSIHUN Ha KOPY TOJOBHOTO
MO3ra CO CTOPOHBI MOJKOPKOBBIX CTPYKTYp. B mociemHem e 3amepe HUCXOIHOE
(YHKIIMOHATBHOE COCTOSIHAE TOJOBHOTO MO3Ta  XapaKTepU30BalloCh  CHIDKEHUEM
3HAYMMOCTH JICNbTa-aKTUBHOCTH ¥ TIOBBINICHUEM BBIPAXKCHHOCTH OeTa-puTMa, T. €.
CMEIICHUEM HEPBHBIX MPOIECCOB B CTOPOHY BO30YXKICHHSI.

Oror ¢akT MOATBEpXKIAaeT Takxke Hamuuue Oomee BeICOKoro (P<0,05) 3HaueHHS
nokasatens Oera-WHAeKca B mocieaHeM 3amepe (puc. 3). Kpome 3TOro, J0CTOBEpHBIC
paznmuuns (P<0,05) mposSBMIKMCHL B BBIPAKEHHOCTH TETA-PUTMA, BBICOKHE 3HAYCHWUS,
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KOTOPOTrO MMEIH MECTO B TIEPBOM M IOCIEIHEM 3aMepe, HU3KUE — BO BTOPOM (puc. 3).
3TO MOXKET CBHJIETENBCTBOBATH O MPE00IalaHNK aKTUBUPYIOLINX BIUSHHUNA Ha KOPY MO3ra
CO CTOPOHBI HE TOJIBKO TaJlaMO-KOPTUKAJILHOM, HO U JTMMOHYecKoi cuctem [9-12].

WHpekc 6era-purMa M omHOCTb TeTa-pUT™Ma
50,00 25,00
40,00 * ¥ 20,00 —
30,00 T & 15,00
X T S

20,00 £ 10,00
10,00 5,00

0,00 0,00

O1xkype O2«kype B3 kypc | | O1kype O2kype B3 kypc

Puc. 3. Tlokazarenu Oera- W TETa-aKTUBHOCTH B pPa3HbIE TOJbI HCCIECIOBAHUS
(* — cratucriuecku 3HadnMble pazauuns mpu P<0,05).

MOXXHO TPEANONIOKHUTh, YTO PA3IMYUsI MCXOJHOTO COCTOSIHHS OMORIIEKTPHUYECKOH
AKTUBHOCTM TOJIOBHOTO MO3ra B pasHble TOIbl UCCICJAOBAaHUM OTPa3WIMCh Ha
0COOCHHOCTSIX 00eCTeueHNsT YMCTBEHHOW JIeATEHOCTH CTYJeHTOB. JIuma ¢ Hammuuem
BBIPKEHHBIX TOPMO3HBIX BIHMSHHUI Ha KOPY TOJOBHOTO MO3Ta MMEIOT HU3KUE 3HAYCHUS
mokaszareneii oobema um ckopoctu mnepepaborku uHpopmarmu [13]. Kpome Ttoro, B
JUTEpaType MPUCYTCTBYIOT JAHHBIE O HH3KOM (YHKIHOHAILHOM YPOBHE COCTOSHHS
HEPBHOM CHCTEMBI y CTyaeHTOB | KkypcoB [14], xoTopele MOAy4eHB Ha OCHOBAHHH
HCCIICIOBAHUI TMoOKa3aTelled BpPEMEHM MPOCTOM 3pUTENbHO-MOTOPHOW peakiuu. Y
CTYINEHTOB CTapIinX KypcoB HaOMIOAAOTCA BO3pacTaHHe [OKa3aTeNnell Cuibl |
MOJIBUKHOCTH HEPBHBIX MPOIeccoB [15], 94TO MOKET CBHACTEIHCTBOBATH O CHIDKCHUH
BITMSTHUS TIPOIIECCOB TOPMOXKEHHUSI Ha HEPBHYIO CUCTeMY. Takike oTMedaercs TOBHIIIEHUE
aJIaNTAllMOHHBIX PE3EPBOB CTYACHTOB K TperbeMy romy oOydenust [16], 4To MOXHO
OOBSICHUTh Te€M, 4YTO crafus (HOPMUPOBAHUS aJaNnTalliil  CTYACHTOB  HMeEeT
MIPOAOJDKUATENFHOCTD C TIEPBOTO IO BTOPOH Kypc OOydYeHHs, a K TPETbeMy U YE€TBEPTOMY
Kypcy hopMupyercs yxe ycroiurnBas amanranuu [17].

3AK/IIOYEHHUE

Takum o00pa3oMm, NONTyYEHHbIE PE3yAbTAaThl IO3BOJIIM MPOCICOUTH AWHAMUKY
ToKa3aTeneil yMCTBEeHHOHW pabOTOCIIOCOOHOCTH U HEHPOPU3NOIOTHIECKHE MEXAHI3MBI UX
obecriedeHns y CTyIeHToB 1—3 KypcoB oOydeHHs. AHaiIu3 pe3yabTaToB, MOMYYSHHBIX Ha
OTHUX W TeX XK€ CTyAEHTaX B IEpPHOM WX o0ydeHus Ha 1-m, 2-M u 3-M Kypce, TO3BOIHI
cHenaTh 3aKIOYEHHE O TOM, 4YTO IIOKa3aTeld o0beMa M CKOPOCTH IepepaboTKH
nHGOPMALIUKM YBEJIMYUBAIOT CBOM IIOKA3aTeld M3 Toja B ToJ, HNPUYEM HMEIOT MECTO
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noctoBepHbie pasnuuus  (P<0,05) mexay mepBeIM W TOCIeAHWM Troxamu. JlaHHas
TeHJIeHIIMsl HaOdromaercss Ha (OHE JOCTOBEPHOI'O CHIDKEHHSI aMIUIMTYIbl, MOIIHOCTH,
WHAEKCA JeNbTa-pUTMa W yBEIWYEHHUS €ro 4YacTOThl, 4YTO CBHIETEILCTBYET 00
YMEHBUICHUH BIUSHUS MPOIECCOB TOPMOXKEHHsS Ha Kopy Mosra. Kpome toro, B
HCCIIeyeMbIli TIEpHOJ BO3pacTacT 3HAUYCHHE WHJAEKca Oera-puTMma, 4YTO yKa3blBaeT Ha
CMEIICHHE HEPBHBIX IMPOIIECCOB B CTOpPOHY B030yxkaeHus. Taxxke Ha d5ToM (oHe
OTMEYAIOTCS BBICOKME 3HAUEHUSI MOLIHOCTH TE€Ta-puUTMa y CTYAEHTOB 1-T0O U 3-TO KypCOB.
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BIOELECTRICAL BRAIN ACTIVITY IN DIFFERENT YEARS OF STUDY AT
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Adaptation to new factors of the educational process in the university is accompanied
by a complex of adaptive reactions that cause the tension of the compensatory systems of
the body. The result, formed with the adaptation of functional systems, is reflected in the
functional state of the organism, which is the characteristics of processes, properties and
qualities that determine the level of activity of systems and efficiency of activity. The
functional state of the nervous system corresponds to the type of activity, each state
corresponds to the specificity of the structure of the cerebral neural network, which
manifests itself in the characteristics of the bioelectric activity of the brain.

The aim of this work was to study the mental capacity and bioelectrical activity of the
brain in different years of study in the same students.

In the course of this study, a comparison was made between the indices of mental
capacity and brain bioelectric activity in students at the 1st, 2nd and 3rd years of study. In
all experiments, the day of the week was Monday. The study involved the same students:
16 people (girls 17-21). Evaluation of mental performance with the help of Bourdon-
Anfimov’s letter tables. The indicators were calculated: the volume of processed
information, the speed of processing information and accuracy. EEG registration using
“Encephalan 131-03” device modification 10 (Medikom, Russia) from 21 channels. The
equations of regression were calculated.

The results obtained allowed us to trace the dynamics of mental performance
indicators and the neurophysiological mechanisms for their provision in students of 1-3
years of study. Analysis of the results obtained on the same students, during their studies
at the 1st, 2nd and 3rd years, made it possible to conclude that the indicators of the
volume and speed of processing information increase their performance from year to year,
and, there are significant differences between the first and last years. This trend is
observed against a background of a significant decrease in the amplitude, power, delta
rhythm index and increase in its frequency, which indicates a decrease in the effect of
inhibition on the cerebral cortex. In addition, the period under investigation increases the
value of the beta rhythm index, which indicates a shift in the nervous processes toward
excitation. Also, against this background, high values of the power of the theta rhythm for
students of the 1st and 3rd courses are noted.

Keywords: mental capacity, the rhythms of the electroencephalogram, students.
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XanBa 001afaeT YHUKAJIbHOW IMUIIEBOW LEHHOCTBIO. JIJI pacIIMpeHust aCCOPTHUMEHTa XaJIBbl M IMOJIyYESHHs
MPOIYKTOB PA3IMYHOr0 (DYHKIMOHAJIHHOTO HA3HAUCHHUS B IOJICOJNHEYHYIO XalBy BBOJWINCH JOOABKH —
THIKBA WM JIEH — B PA3IMYHBIX IPOLEHTHBIX COOTHOMIEHHsAX. M3ydeHO BIMSHME DPA3IMYHBIX MACIHIHBIX
HCTOYHHMKOB CBIPbsSl U II€HOOOpa3oBaTenell Ha 0e30MaCHOCTh M KauecTBO XajBbl. OMNpeseNieHbl NapaMeTphl
KauecTBa XaJBbl, KOTOPHIMHM SBJSIOTCA IIOKa3aTeNM MEPEKMCHOrO M KHUCJIOTHOTO, MOIHOIO YHCEll,
OTpakaroIe OMOXUMHUYECKHUE MPOLIECCHI, IPOTEKAOIIHE B EPHO IIPUTOTOBIEHHS U XPAHEHU s XaJIBBL.
Knrouegvie cnoea: Xansa, ;XMpHbIE KUCIIOTBI, MACIUYHbIE KyIbTYPBI, KHCIOTHOE YMCIIO, IEPEKHMCHOE YHCIIO,
HOTHOE YHCIIO, JKUPHO-KHCIIOTHBIN COCTaB.

BBEJIEHHUE

Konaurepckue nzaenust OTHOCATCS K YUCITY JTFOOMMBIX U3/l MAMIEBOr0 parioHa
JIereil W B3pOCHBIX, IONB3YIOTCS OONBIIMM CIpOcOM y moTpebutenerd [1]. Amamus
XUMHYECKOT0 COCTaBa KOHIMUTEPCKUX HM3IETHI MOKa3bIBa€T UX HHU3KYIO OMOIOTHMYECKYIO
LIEHHOCTh, B CBSI3M C YeM OHHM HYKJAIOTCS B CYIIECTBEHHOW KOPPEKIHH XHMHYECKOTO
cocTaBa B HaNpaBleHWH IIOBBIIICHHS KOJWYECTBA THTATENBHBIX BEIIECTB IMPH
OJIHOBPEMEHHOM CHH)KCHUHU SHEPreTHUECKOM 1eHHOCTH [2].

Cornacao I'OCT P 53041-2008, xamBa — caxapucTO€ KOHIUTEPCKOEC H3CINE
BOJIOKHUCTO-CIIONCTOH ~ CTPYKTYpBl Ha OCHOBE COHWTOM C MeHooOpa3oBaTeneM
KapaMelbHOW Macchl W pacTepThIX OOKAapeHHBIX SAep OpeXoB, apaxuca U (WIH)
KUPOCOAEPIKAIINX CeMsSH, C JoOaBleHHeM wiu 0Oe3 100aBIeHHS NHINEBBIX T00aBOK,
apoMaTHU3aTOPOB, C MAacCOBOM moiieit xupa He meHee 25 % [3]. TlumeBbie KUPbI UTPAFOT
BXKHYIO POJIb B TEXHOJOTHSIX KOHIAWTEPCKUX H3MENNN, OKa3biBasl BIMSHUE HA TEKCTYpPY,
BKYC M apOMaT, IUTATeNIbHBIE CBOMCTBA U DHEPTETHYECKYIO IIEHHOCTH [4].

B coorBerctBun ¢ pekomennauusmu Muctutyra nurtanus PAMH, cooTHomenue
MTOJTMHEHACHIIIEHHBIX JKUPHBIX KucioT (Hanee — [THXKK) -6: -3 B mutanuu 310pOBOTO
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YeJIOBeKa JIOJDKHO COCTaBISATh 0kojo (9-10):1, ans neyebHoro mutanus — 3:1, 5:1; mpu
stoM cootHomenue I[THXKK k naceimennsiM sxupabiM kuciaoTam (HXK) momxHo OBITH
2:1. B mpupoie He cymiecTByeT JXUpa, KOTOpBI OBl COOTBETCTBOBaN (opmysie
cOaaHCUPOBaHHOTO KHpa. B  KauecTBe CBHIpbS Ui CO3JAaHUSL  XaJBbl  CO
cOaaHCUPOBaHHBIM YKHUPHO-KUCIOTHBIM COCTABOM HaMH BBIOPaHBI MACIUYHBIC KYJIbTYPHI
c HauOonblIell MaccoBOM Joieil OJeHHOBON KHUCIOTHI — IOACOJHEUYHMK MAacCIHYHbIH
(Helianthus annuus), nuHoneBoii kucnOTH — ThIKBa oObIKHOBeHHas(Cucurbita pepo),
JIMHOJICHOBOM KHMCJIOTHI — JieH oObIkHOBeHHBIN (Linum usitatissimum) [5].

Henbto nmaHHOH paboTHl SIBISETCS HM3YYEHHE BIHSHUS Pa3IMYHBIX MAaCIHYHBIX
HCTOYHUKOB CBHIPhS U IIEHOOOpa3oBaTeield Ha 0e30IacHOCTh H KaYeCTBO XaJIBBI.

MATEPUAJIBI U METO/IbI

KputepussiMu kauecTBa XajBbl SIBIISIETCS TOKAa3aTENH OKHCICHHOCTH, KHCIOTHOE,
MOJIHOE W TepekucHoe umcna [6]. Ompenensuin KHUCIOTHOE YUCIO THTPUMETPUYCCKHM
Merogom 1o ['OCT P 50457-92. KuCIOTHOCTBIO JKHpa, WM KHUCIOTHBIM YHCJIOM,
Ha3bIBACTCA YHCJIO MUJUIMI'PaAMMOB €AKOI'O KaJlusd, HCO6XOZII/IMOG JUISL HeﬁTpaHPBaHHH
CBOOOIHBIX KHPHBIX KUCIIOT, coAepxkammxcs B 1 T xupa [7].

Omnpenenenre TEPEKHUCHOrO YHCIa MPOBOIMIN IO COOTBETCTBYIOIIEH METOJHMKE U3
T'OCT P 51487-99, koTopblii OCHOBBIBAETCSI HA CIOCOOHOCTH MEPOKCUIHBIX TPYITTUPOBOK
xupa pearupoBats ¢ Kl B kucmoit cpene [8].

Omnpenenenre NOJHOTO YUCIIa OMPENENsIN ¢ IOMOIIBI0 MeTosia Buiica (onpenencenue
WOJJHOTO 4YWCJa pPACTBOPOM HOJHJA KallMsl B JIEASHOW YKCYCHOM KHCIOTE) TIO
TI'OCT 5475-69. MeToa ocHOBaH Ha B3aMMOJCHCTBHM MOMA C HENPEACIbHBIMU KHUPHBIMU
kucaoramu sxkupa [9].

Onpenenenne MaccOBOI JIOJH Kupa TIPOBOANITH c MTOMOIIIBIO
pedbpakromerpudeckoro merona o 'OCT 5899. Meroauka 6a3upyercss Ha U3BICUCHUN
JKUpa U3 HAaBECKHU U OINpEAeNIeHUH TTOKa3aTels PEeIOMIICHHS! pAaCTBOPHUTENS M PacTBOpa
xwupa [10].

Tarke Hamu OBUI TPOBENEH JIA0OPATOPHBIM aHAM3 TAKOro TIOKa3aTems, Kak
MaccoBas oIS Biard. JlaHHbI aHanmM3 ObLT poBefieH MeToaoM BeicymmBaHus 1o 'OCT
5900-73 [11].

Jns pacdera cOallaHCHPOBAHHOTO PEIENTYpHOTO COCTaBa HAMH HCITOIB30BANACh
MeToaMKa, TpemioxeHHas MarBeeBoii T. B. m kxomneramm [12]. CbOamaHcmpoBaHHOE
COOTHOIIIEHNE XKUPHBIX KUCIOT ®-6 U ®-3 ¢ ydeToM TpeOOoBaHUIl AMETOIOTOB U KUPHO-
KHCJIOTHBIM COCTaBOM MAaCIMYHBIX KyJIbTYp MPUBEAEHO B TaOII. 1.

C momompto mporpamMmbl MatCad myTem pemieHuss CHUCTEMBI YpaBHEHWUH ISt
MIONTyYeHHsI PEIeNITYPHOTO COOTHOIIEHHSI CHIPhSI TPOBEACHBI PACYETHI.
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Taoanna 1

Copepixanne ;KHPHbIX KHCJIOT B MACIHYHBIX KYJIbTypax

ConepikaHre OCHOBHBIX JKUPHBIX KUCIIOT, %
MacuuHbIe KyIbTyph KK MIDKK [THXK u3 [THXXK
BCETO -6 ®-3
IToxconHeynnk 14,0 40,3 457 45,6 0,1
Jlen 8,3 14,3 77,4 13,4 64,0
THIKBEHHBIE CEMEHA 10,0 26,0 64,0 55,0 9,0

JIJ'ISI MIPOBCACHUA q)I/I3I/IKO'XI/IMI/I‘-IeCKI/IX I/ICCJIe)IOBaHI/Iﬁ " ONpeACIICHNUA OKUCICHHOCTH
MBI BBIOpaH 8 00pa3ioB XalBhbl:
Aunreit 70/19/11 (1)
Anreii 60/38/2 (I1)
Anreii 43/39/18 (111)
Aneit nensHbli JeH 43/39/18 (1V)
Conoaka 70/19/11(V)
Comogxa 60/38/2(VI)
Cononka 43/39/18(VI1I)
Cornoska tenbHbI JeH 43/39/18(VIII).

NG~ E

Hudpst B 00pasnax 0003HAYAIOT MPOIEHTHOE COMIEPIKAHKE TIOICOIHEIHUKA, THIKBBI 1
JIbHA.

PE3YJIbTATBI 1 OBCYXKJIEHUE

Jis  ompenenacHWs KadecTBa XalBbl HaMH ObUI HCCIIEOBaH TaKOM (DU3HKO-
XHMHYECKUHU TTOKa3aTelb, KaKk MaccoBas JI0is skupa. I1o pesynpTraraM HcclieIoBaHUM, BCe
00pa3Ibl COOTBETCTBYIOT HOPME U MaccoBas JIONS JKUpa B HUX He mpeBbimaet 34 %. Ho
JIYYIIIM COOTHOIICHHUEM ITOICOTHEYHNKA, THIKBHI 1 JIbHA sBiIsiercs oopaser 70/19/11. Do
OOBSICHSIETCA TEM, YTO K MaciaM, OOraThbIM JIMHOJCBOW KHCIOTOM, OTHOCHTCS MAacjo
MOJICOJTHEYHUKA, & MACJIO C BBICOKAM COJICPIKAHUEM JIMHOJICHOBOM KHCIIOTHI OYyYaroT U3
cemssH jbpHa. CpaBHHBas o0Opasel] ¢ COOTHOIICHHEM IIOJACOJHEYHHMKA, THIKBBI M JIbHA
43/39/18 ¢ 06pasIoM ¢ TaKUM K€ COOTHOIIEHHEM, HO C IENBHBIM JIHBHOM, MOKHO CIeIaTh
BBIBO/I, YTO JIyUIIIUM OKa3ajcs oOpaserl ¢ 1enbHbiM JbHOM 43/39/18 (puc. 1).
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%

0,8

0,6 L

0,4

0,2

Puc. 1. 3nauenns MaccoBoi OH JKHpa B 00Opa3iax xaiBel, %

ITo pe3ynbTaTaM HCCIENOBAHNIE MAaCCOBOM JIOJIM BJIATH, BCE 00Opa3Ibl COOTBETCTBYIOT
HOPME W MaccoBasi JOJIA KHPa B HUX He mpesbimmaer 4 %, HO JIydIIiuM COOTHOIIEHHEM
MTOJICOJTHEYHUKA, THIKBEI M JIbHA sBIIsteTcs obpaser 70/19/11 (puc. 2).

%
4,5
4 m70/19/11

3,5

T
3 m60/38/2
2,5
m43/39/18
1,5 - "
M UenbHblW neH
1 43/39/18
0,5 -
0 B KoHTponb

Heenemyemerii obpazen

]
|

Puc. 2. 3nauenns MaccoBOi JOJIH Baru B xanuse, %
ITo ucreuennu 45 mHEH IMOCIIEe MPUTOTOBICHUS XaJBBI MTOKA3aTEIH MAaCCOBOHM JOIH

BIIATH YBENWYIINCh, HO HE TMPEBBINAIN HOPMBL JlydmmM o00pas3loM OKas3alioch
COOTHOIIICHHUE MOICOTHEYHHUKA, THIKBBI 1 JibHa 70/19/11 (Tabun. 3).
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Taoéanma 2
MaccoBasi 10151 BJIaru 4yepe3 45 qHeil mocjie NpuroToBJIeHUs XaJABbI

CooTHOIIICHU e TTOACOTHEYHHUKA, THIKBBI, MaccoBas nomns Bnard, B %
JbHA

70/19/11 2,510,008

60/38/2 3,5+ 0,009

43/39/18 3,840,019

Henbubiii mex 43/39/18 3,940,013

Koutpons 3,140,011

HpI/I XpaHCHHUHU MAaCJIMYHBbIX CEMAH B YCIIOBUAX OTHOCUTCIBHO BBICOKOH TEMIICPATYPhI
W TIOBBIIICHHOW BIIAXXHOCTH TMPOIECC THAPOIHM3a B Maciie MPOTEKaeT OCOOEHHO
HWHTEHCHUBHO. BClieacTBHE 3TOr0 Maciio J1ayke CBeXel BBIPAOOTKH U3 CEMSIH, XPaHUBIIIUXCS
B He6J’IaI‘OHpH§ITHbIX YCIIOBHUAX, MOXKET UMETh BLICOKOC KHMCJIOTHOC YHCJIO.

[To mokazaTensM KHCIOTHOIO 4ucia TreHooOpaszoBarens Anreit oopaser (III) umeer
HauOonbIiee 3Haderne — 2,81 mr KOH/1 r. O6pasen (IV) nmeer 3HaueHre KUCIIOTHOI'O YKCIIa
2,37 mr KOH/1 1, obpazer (1) — 2,24 mr KOH/1 r, obpazen (I) nenooOpa3zoBarenss Anreit
HMMEeT HauMeHbIIIee 3HaueHrne kucmotHoro uncna 1,93 mr KOH/1 r (puc. 3).

MT 1/1r.

0,8

0,6

B Papl EPap2

0,4

0,2

Hccnenyemslii oOpaszen

Puc. 3. Iloka3zarenu KUCIOTHOTO YKciIa XanBbl eHooOpasosarens Anreid, mr KOH/1 r
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[lo mokazaTensiM KUCIIOTHOrO uucia mneHooOpasoBarenss Comoaka obOpaszen (VII)
uMeeT HauOoJblllee 3HAUYEHHWE KHCIOTHOTO 4uclia, KoTtopoe coctasmwio 3,02+0,01 wmr
KOH/1 r. O6pazen; (VIII) umeer 3nauenue kucinornoro yucna 2,96+0,009 mr KOH/1 T,
oobpaser (V1) — 2,85+0,007 mr KOH/1 T 1 MUHUMaIbHOE 3HAYEHHE KHUCIOTHOTO YHCIa
umeet obpaszern (V) — 2,65+0,008 mr KOH/1 r (puc. 4).

mr KOH/1r.
5 W 3HaueHnnA
4,5 I nokasateneii
4 |—_|_"'— OKHCNEHHOCTH
3,5 1 I_I_ I | HaMOMEeHT
3 - I | NpUroToBNeHuAa
2,5 1 | xaneol
2 4 .
1,5 A —
1 - |
0,5 A —— @ 3HaueHuA
0 - T T T T nokasatenef
2 Y 1\ > R OKWCTEHHOCTH
0?%' ,&\ \";%\ ,_,’0’\'\’ 4 '\\Q‘ . 45 -
o o & o\ & 1epe3 45 aHei
&,(" @"é\ Qg? @b‘ gj\" nocne
& 0‘\0 (Jo*‘o .;\0?‘ @ NPUroTOBNEHHA
& ¢ @ o Xanebl
Uccnenvemsii ofpazen &

Puc. 4. 3nauenne mokasartene KHCIOTHOTO ducia reHoodOpasoBatens Comomaka, Mr
KOH/1r

ITo moka3aTensaM MEePEKUCHOI0 YKCIIa eHoo0Opa3oBaTesis ANTel Ha PUCYHKE 5 BUHO,
yto obpasen (Ill) umeer HanGonplee 3HaAUYCHHE MEPEKUCHOrO 4ucia — 3,22 MMOJIb/KT.
Oo6pazerr (1V) umeer 3uaueHne nepekucuoro yncia 1,46+0,004 mmomns/kr, obpaser (VI) —
1,33 MMOIB/KI, MUHHMAJIbHOE 3HAYCHHE IIEPEKMCHOr0 4YKcia IeHooOpa3oBarens AjTel
Ha MOMEHT TIPUTOTOBIICHUS XaJIBBI AMEET obpaszert -
1,13 MMOIB/KT.

IMo mokasarensiM TEpEeKUCHOro 4ucina TmeHooOpasoBarens Cojoika HAa MOMEHT
mpuroToienus (puc. 6) MmakcumanbHoe 3HaueHne umeer obpasert (VII) — 2,28 Mmmoms/kr.
O6pazerr (V) nmeer 3Hauenne mepexucHoro umcna 1,54 mmoms/kr, obpasen (VI) —
1,49 MMonB/KT, MUHIMAJTBHOE 3HAUEHHE TIEPEKUCHOTO Yuciia meHooOpa3oBarens Comonka
Ha MOMEHT MPHUTOTOBJICHUs XauBbl uMeeT obpaserr (V) —1,17 MMoib/Kr.
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MMOTH/KT

3,5 B 3HaveHuA
nokasatenen
OKHCNEHHOCTH Ha
MOMEHT

3

2,5

NPUIOTOR/EHNA
2 T Xanebl
1,5 -
14 [ 3HaueHHA
05 nokasatenef
! OKHCNEeHHOCTH Yepes
0 - ' ' : : 45nHeii nocne

KoHtpons AnTeii AnTeii AnTeii AnTeii npuroToenelna
AnTei 70/19/11  60/38/2  43/39/18  uenbHbIi Xanebl
nend3/39/18

Heeneqyensii ofpasen

Puc. 5. 3Hauenue mokaszarenel MEPEKHUCHOIO 4YHCIa XajBbl C MEHOOOpa3oBaTEss
AJITel, MOJIB/KT

MMQIE/ET
4,5
4 T M 3HaveHun
35 nokasartenen
' OKMCAEHHOCTH
3 T Ha MOMEHT
2,5 NPUrOTOBNEHH
P A Xanebl
1,5 -
1 E 3Ha4eHun
0,5 nokasatenei
o - OKUCNEHHOCTH
@ Y v K3 & yepes 45 gHei
o o\ \’b‘b o\ N nocne
¢ > N < N
® O © %) X NPUrOTOBAEHM
2 & A © P
Qoﬂ\v S\o& S\o?“ QQ‘S' ’b& A XafBbl
)
*s_.ﬁ‘ (_,0 C (JOQ\ 0?%‘
S

Heenmenyensii ofpasen

Puc. 6. 3naueHune mokazaTeneld IEpeKHCHOro 4mcia mneHooOpazosartens Corozxa,
MOJIB/KT

178



®U3NKO-XUMUYECKUA AHATIU3 XANBbl KOMBUHUPOBAHHOIO ...

ITo moka3aTenastM HOJHOrO YHCIIa TeHooOpa3oBaTesast AnTel Haubosbliee 3HAUCHUE
umeer odpaser (1) — 21,3 r I/ 100 r. O6paszert (IV) — 18,9 r I/ 100 1, obpazen (1) —
17,6t 1100 T, MUHUMaAIBHOE 3HAUCHHWE HOJHOIO YHCJa MEeHOoOOpa3oBatelns AnTed Ha
MOMEHT MIPUTOTOBJIEHHUS XanBbl uMmeeT obpaserr (1) —15,6 r I/ 100 r.

I[lo wucreuennn 45 naHell mociae NPUTOTOBIEHH, IIOKA3aTeNd HMOJHOIO dHCa
neHooOpa3oBaTeis ANTel yMeHbIIUIHCE (puc. 7).

rly 100r

25
B 3HaUeHHA
20 r—:[— y—P MOKazaTenell
OKHCTTEHHOCTH 1] e3
’—]} 45 nHefi nocne
15 ’_I_ | IPHTOTOBIEHHA
XAIBBI
10 - -
0O 3HavueHHA
5 - | IoKazaTeneil
OKHCTEHHOCTH Ha
MOMEHT
0 - . : ' ' . TPHTOTOBIEHH
Kontp o Antefi Antefi Antefi Antefi XAIBBI
Antefi 70/19/11 60/38/2 43/39/18 HeNnbHbI

neH43/39/18
Hecneyemsiit obpasen

Puc. 7. 3HadyeHue mMoKaszareneld HOIHOrO YKcia IeHooopa3oBares Anreld, r 1, /100 T

ITo mokazartensM HOAHOTO YKcia TeHooOpazoBaTenst Comonka HanOobIee 3HAUCHIE
umeer oopaszerr (VII) — 24,6 r I/ 100 r. O6paszen (VIII) — 22,9 r I/ 100r, obpaszerr (VI) —
19,3 r I/ 100r, obpaszer (V) —19,1 r I,/ 100 r.

I[To wucredenum 45 pHEW TMOCIE TPUTOTOBJICHHUS ITOKA3aTEd WOMXHOTO YHCIIA
rieHooOpazoBaTens Conoaka yMEHBIIHITUCH (pHC. §).

ITo mcreuenmm 45 nmHEH IMOCIIEe MPUTOTOBJICHHS 3HAYCHHS IEPEKHCHOTO 4YHCIA B
ayqmeM obOpasue Aunrteir 70/19/11 B cpemnem yBenmuwinch Ha 14,4 %, 3HaueHus

KHCTIOTHOTO 4mcna — Ha 15,2 %, HO 3HaYeHWs MOMHOTO YHcia yMeHbHmumch — 12,5 %
(Puc. 3-8).
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rk/100r
30 M 3aascHAy
moKazaTencH
25 T OKHCIICHHOCTH

gepes 45 el
_ - = nocne

20 —
F'* F NPHTOTORNCHAS
15 T L
10 . O 3pagenms
NOKA3aATENeH
OKHCICHHOCTH
5 | HAa MOMEHT
OPHATOTORICHAN
0 - T ' XANBEI
> o N
“" N ¢ S ¢
é\Q & 2] f
%
& & s & @
&

Puc. 8. 3nauenwue mokasareneii vogHOTO YKcIa neroodpazosatens Comnonka, r 12/100 ¢

B nportecce xpaHeHus1, 0COOCHHO IMPU MOBBINICHHOW TEMIIEPAType U OTHOCHTEIHLHOM
BIIQXXHOCTH BO3AyXa, HaOmomaerca oOpa3oBaHWE >KHpa Ha IIOBEPXHOCTH XalBBI
BCleACcTBHE cnaboll  CBSA3M €ro C OCTAJbHBIMH COCTABHBIMH YacTSAMH  XalIBBI.
BrigenuBimmiics Ha TOBEPXHOCTH JKHP JIETKO IMOJBEPTaeTcsl OKHCIEHHUIO, MPHOOpeTaer
MIPOTOPKIIBIA BKYC, TEM CaMBIM BIUSET HA KAYECTBO XaJIBHI.

[Ipn W3y4eHHH MEepeKuCHOro, KUCIOTHOT'O W HMOMHOTO YWCEN B KOMOWHHPOBAaHHBIX
oOpas3max OBLJIO YCTAaHOBIEHO, YTO HAWIYYIIAM COYETaHHEeM SIBIISIETCS BapHaHT, B
kotopoM 70 % monconneynnka, 19 % teikBei 1 11 % npHA.

I[lo pesyapTaram  WCCIENOBaHWA  yCTAHOBJIEHO, YTO TPW  TNPUMEHEHUH
reHooOpazoBaTenss ANTel MOKa3aTed MEePeKHCHOr0 YHCa, KHCIOTHOTO W HOIHOTO
MMEIOT HaMEHBIIIee 3HaUeHNE.

3AK/IIOYEHHUE

1. IlpoBemeHHble HWCCIENOBAaHUS IOKAa3aJd  LEJIECOOOPA3HOCTh  HCIONb30BAHUS
Pa3IMYHBIX MACIWYHBIX KYJIBTYp, UYTO JA€T BO3MOXKHOCTh PACIIUPUTH ACCOPTUMEHT
XaJBBL.

2. IlokazaHo, dYTO NyYmUMHU TIOKa3aTelNsIMH KadecTBa o0Onamaer oOpasem AnTei
70/19/11.
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3. BI)ISIBJ'IGHO, YTO Ha IIOKAa3aTCIM KUCJIOTHOIO MW ICPCKUCHOI0 4YHUCCII BJIMACT BUI
HCH006pa3OBaTeH$I u (1)I/I3I/IKO-XI/IMI/I'-I€CKI/IC IIoKa3aTeinu, a MMCHHO MacCCOBas HOOJIA
JKHpa 1 BJIaru.
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PHYSICO-CHEMICAL ANALYSIS OF THE COMBINED COMPOUND HALVA

Branovitskaia T. Y., Kaybulaeva R. S.2

V. 1. Vernadsky Crimean Federal University, Simferopol, Russia
2Crimean gymnasium boarding school for gifted children, Bakhchisaray, Russia
E-mail: rusana_kaybulaeva@mail.ru

Confectionery products are among the favorite products of the diet of children and
adults, are in great demand among consumers. Analysis of the chemical composition of
confectionery shows their low biological value, and therefore, they need a significant
correction of the chemical composition in the direction of increasing the amount of
nutrients while reducing energy value.According to GOST R 53041-2008, halva is a sugar
confectionery product of fibrous-layered structure, based on caramel mass and roasted
fried kernels of nuts, peanuts and/or fat-containing seeds, with or without the addition of
food additives, flavorings, with mass the proportion of fat not less than 25 %. Edible fats
play an important role in confectionery technologies, affecting texture, taste and aroma,
nutritional properties and energy value.
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According to the recommendations of the Institute of Nutrition of the RAMS, the
ratio of polyunsaturated fatty acids (hereinafter PUFA) ®-6: ®-3 in the diet of a healthy
person should be about (9-10): 1, for therapeutic nutrition — 3:1, 5:1 ; the ratio of PUFA to
saturated fatty acids (NLC) should be 2:1. In nature, there is no fat that would match the
formula of balanced fat. As a raw material for the creation of halva with a balanced fatty
acid composition, we selected oil crops with the largest mass fraction of oleic acid —
sunflower oil (Helianthus annuus), linoleic acid — ordinary pumpkin (Cucurbita pepo),
linolenic acid — Linum usitatissimum.The purpose of this paper is to study the effects of
various oil source sources and foaming agents on the safety and quality of halva.

Keywords: the subject of the study is halva. Polyunsaturated fatty acids, oilseeds, acid
number, peroxide number, iodine number, fatty acid composition.
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NEPOKCUAA3HOIO OKUCIIEHUA TMOPOXUHOHA B CUCTEME C
MMMOBUITM3OBAHHbIM ®PEPMEHTOM, 3KCTPArMPOBAHHbLIM U3
KOPHEMNNOAOB PEALKN YEPHON

Bamxkuna O. B., Apankuna M. B., Apanxun O. JL., baxcun B. IO., IIpowuna H. B.

Taspuueckan axademus (cmpykmyproe noopazoenenue) ®rA0Y BO «Kpvimckuit ghedepanvhulii
yuugepcumem umenu B. H. Bepnaockozo», Cumgpeponons, Pecnyonuxa Kpvim, Poccus
E-mail: oksana_vyatkina@list.ru

I/Izyqem,l KUHETUYECKUE IapaMETpbl PEAKIUU TIEPOKCHUIA3HOI'O OKUCIICHUSA THAPOXWMHOHA B CUCTEMax C
(bepMeHTOM, MMMOOMIM30BaHHBIM Ha CUJIMKAareidax, NoJIy4€eHHbIX U3 erMHHeBOﬁ KHCJIOTHI, ocamneHHoﬁ npu
Pa3IMIHbIX pH Onpe)lenem,l yciioBus I/IMMO6I/IJ’[I/I3&L{I/II/I TIEPOKCUAA3bl (BpeMH C0p6I_H/II/I, KOHIEHTpanusa
(bepMeHTa B paCTBope) Ha HCCJICAOBAHHBIX CHUJIMKAreidaX, IPHU KOTOPBIX (bepMeHT MaKCHUMaJIbHO aKTHUBCH B
peakiuu OKHCIIEHUS THAPOXWHOHA IEPOKCUAOM BOAOpOAA. 1'[01<a3aH0, 49TO IIpH I/IMM06I/IJ'[I/133.LII/II/I
TNIEpOKCHUAa3bl Ha BO}]OHCpaCTBOpHMOﬁ TIOJIJIOXKKE MOp(I)OJ'IOl"I/Iﬂ HOCHelIHeﬁ OIPEALIIACT XapaKTep COp6LH/II/I
(bepMeHTa, a CJICA0BATCIIbHO, U KaTATUTHYECKYIO aKTUBHOCTD ITOJIYUCHHBIX (bepMeHTHLIX npenapaTos.
Knrwuesnie cnosa: TIepoKcraasa, I/IMMO6I/IJ'II/I3aLII/I$[, TUAPOXUHOH, KHHETUYCCKHUE NIapaMETPhI.

BBEJEHUE

IMepokcunaza — (epMEHT, OTHOCAMIMHCS K TeMCOJEPXAIIUM TIIUKOMPOTEHIaM,
KaTaJIN3UPYIOIIUM PEaKIMi OKCHJIA3HOTO, MEPOKCHIA3HOTO U OKCUTEHA3HOTO OKUCIICHHS
cyocrparoB. [IpakTudeckoe TpPUMEHEHHE NEPOKCHIAa3bl OOYCIOBIEHO TaKUMH ce
CBOMCTBaMH, KaK XOpOIlasi PAacTBOPHUMOCTh B BOJIE, BBICOKAS CIEIUPUYHOCTD IO
CyOCTpaTy-OKHCIHTEN0, [IMPOKUH  CHEKTp  OMOJOrMYecKod, B  TOM  YHUCIE
AHTUOKCUJAHTHON akTUBHOCTU. OZIHAKO HATHBHASI TIEPOKCHIa3a HMEET PsiJi HEJOCTATKOB,
a WMEHHO: BBICOKYIO UYBCTBUTENBHOCTh K BHENIHUM (aktopaM (Temmeparype,
KHUCJIOTHOCTH CpEJibl), HEYCTOHYMBOCTh TpPU XpaHEHWH. PelleHreM 4YacTh yKa3aHHBIX
po0IeM sIBISETCS] IMMOOMIN3anus pepMeHTa Ha BOJAOHEPACTBOPHUMBIX IMOIIOKKaX. B
Ka4yecTBE IMOJUIOKEK BeChbMa IMEPCIIEKTUBHO WCIONB30BAHKUE CHITUKArelei, CTpyKTypa M
CBOMCTBA KOTOPBIX MOTYT BapbHpOBaThCs B 3aBucUMocTH oT pH cuHtesa [1].
Ipencrarnennass paboTa  TOCBSINCHA  WCCICJAOBAHWIO  BIMSHUS — Mopdomoruu
CUJTUKAreICBOM TOMJIOKKH Ha KATAIUTHYECKYH0 AaKTHBHOCTh WMMOOWIM30BAHHOM
MEPOKCUIa3bl KOPHEIUIONOB PEJIbKU YEPHOH OTHOCHUTENBHO CyOCTpaTa-BOCCTAHOBHUTENS —
TUJIPOXUHOHA.
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MATEPHUAJIBI U METO/JIbI

OOBeKTaMu HCCIIENOBaHUS SIBIISUIMCH TpenapaTbl ¢ MEPOKCHAA3HOW aKTHBHOCTHIO,
MOJy4YEeHHBIE METOIOM COpOIH (epMeHTa, IKCTPATHPOBAHHOTO U3 KOPHEIIOOB PEAbKU
YEpHOW Ha CHJIMKATEJICBBIX IMOIUIOKKAX. DKCTpakiuioo (hepMmeHTta ¢ochaTHbIM Oydepom
(pH=7) u3 ouMIIEHHOT0 M W3MENbYEHHOIO PACTUTENBHOIO CBIPhS IPOBOAWIH IO
MeTouKe, onucanHoi Cenubepom 0e3 nanbHetrel ounctky [2]. ConepkaHue HATUBHOM
nepokcuaassl B (pochaTHO-OyhpepHOM  SKCTpaKTe, OIECHEHHOE II0  KOJUYECTBY
KaTaJINTHYECKH aKTUBHBIX IEHTPOB (Geppu-nopdupuHa (anee — a. 11.) B eqUHHLIE 00beMa,
KoTopoe onpeznensan Goroxonopumerpudeckn (A=400 uM, 1=2 cM, £400=9,6-10* 1 )

MOJIb - CM
[3], cocraBumo 620 mMmoip/m. B KadecTBe CyOCTpaTa-BOCCTAHOBHTES HCIONb30BAIH
THIPOXHHOH, KOHIIEHTPAIlMH KOTOPOro BaphHpoBaiy B Auanasone 1-10° — 1-10™ mons/n u
KOHTPOJIHUPOBAIN (POTOKOJIOpUMETpHUEcKH 1o peaknuu ¢ xenesoMm(l1l) B mpucyrcreum o-
(denantponuna (A=540 um, 1=1 cm) [4]. CyOcTpar-OKHCIUTEIL — MEPOKCU]] BOIOPOAA
(bapmakoneiinbiii), koHentpaims — 0,05 monb/1. TOYHYHO KOHIIGHTPALMIO pacTBOpa
MepOKCHIa BOIIOPO/ia YCTAaHABIMBAIN METOJIOM ITEPMaHTaHATOMETPUIECKOTO TUTPOBAHUSL.

B kadgectBe BOJOHEPACTBOPHUMBIX IMOJAJIOXKEK HJIA I/IMMO6I/IJ'II/1321HI/H/I (bepMeHTa ObLIH
HCIIOJIb30BAHbI CHUJIMKArejiv, IOJYYCHHBIC U3 erMHHeBOfI KHCJIOTHI, OC&)KHGHHOﬁ npu
Pa3IMYHBIX pH 21.]'[51 TMMOJIy4CHUA CUJIMKareyleil B XWMHYECKHE CTaKaHBI puIrBaIn
CHIMKATHRIN Kieh «JKumakoe crexno» (mapka b, cunmkataeii momyns 2,6-3,0) ¢
ncxomabiM pH=12 u pazbaBnsmu ero 1:3 AUCTHITUPOBAHHON BOAON IMPHU TIIATEIHLHOM
nepememmBanuu. Ilocne dero, He mpekpamas nepeMelnBatus, NoHuxkaiu pH cucremsl
70 10 1 2 COOTBETCTBEHHO JT0OABJICHUEM K IOITYyYEHHOMY 30JIIO 10 KaIuIsiM pacTBopa 6M
costHOW KHUCIOThl. OOpa3oBaBIIMecs OCAJKH MOJMKPEMHHUEBOM KHCIOTHI TPOMBIBAIH
JTUCTUJUTHPOBAHHOM BOAOH /10 YJaJIEHUS XJIOPUA-NOHOB, HAIMYHE KOTOPBIX MPOBEPSIIH 110
KaueCTBEHHOM peakluu ¢ HUTpaToM cepedpa. IIpoMbIThie OCanku MOMENMANd B YaIIKy
ITerpu u BeIcymmBanu mpu temmeparype 150 °C. BrICyIeHHBIE KCepOoreinn pacTHpaid B
dapdopoBoii cTynke U TpOCEHBAIM Yepe3 KOHTPOJbHBIE CHUTA, IMONydas (Qpakifio c
3epaeHneM 0,25 MM, HCTIONB3YEMYIO B JAIBHEHIIINX HCCIETOBAHMSX.

B xoze panee mpoBeIeHHBIX WCCIIEOBAaHUNA HAMH OBUIH OIPENETeHbl ONTHMAIIbHbIE
YCIIOBUSI MMMOOWIN3au (GepMeHTa MeToJioM ero copOruu u3 docharao-0ydepHbIx
9KCTPAaKTOB Ha paccCMaTpHBAaeMbIX B pabore cuimkarensx. [IpemapaTsl, MOTydeHHBIE B
TaKUX YCJOBUAX, OOJIajald HAWOONBINEH IO CPaBHEHUIO C JIPYTUMHU TepOKCHIA3HOM
AKTUBHOCTHIO, OIPENEIeHHON M0 THAPOXUHOHY [5]. Bbin ycTaHOBJIeH Xapaktep copOoumu
U CTCICHb CBS3bIBAaHUSA (epMeHTa C TMomIokKkod [6]. Tak, mmd WMMOOMIM3AIIAN
MepOKCHUAa3bl Ha CHIHMKarelb ¢ pH ocaxkmeHus KpeMHHEBOW KHCIOTHI 10 TOTOBMIH
cucreMy, cocrosamyr u3 10 r cwmkarens, 70 mu ¢ochatHo-OydepHOro 3KcTpakTa
nepokcuaassl (pH=7), 105 M gucTHIUMpOBaHHOW BOABI (MOJSpHAs KOHI[EHTPAIUS
aKTUBHBIX IIEHTPOB (pepMeHTa B KHIKOW (haze COpOIMOHHON chCTeMbl 248 HMOIB/T) U
octaBisuid Ha 60 muH. [lo ncTedeHnn BpeMeHU pacTBOp (GUIBTPOBAIM W TBEPAYIO (hazy
CYyUIIUIA Ha BO3AyXe IPH KOMHATHOW Temmeparype. B pesynpTare ObLI TONy4eH
MaTrepuai, CoAep)KaHWe aKTHBHBIX IIGHTPOB ¢epMeHTa B | T KOTOPOro, MO JaHHBIM
COpPOIMOHHBIX  HMCCIEOBAHMMA, COCTaBIsUI0 2,5 HMoib. Jng wMMoOMIM3auu
MEPOKCUIa3bl Ha CHIIMKArelb, MOMYYeHHBIN Mpu pH=2, TOTOBWIHM CHCTEMY, COCTOSIIYIO
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u3 5 r cunukarens, 42 mu ¢ochatHo-OydhepHoro skcTpakra nepokcunassl (pH=7), 165 mn
JUCTUIMPOBAHHON BOABI (MOJISIpHAs KOHIEHTPALWsl aKTHBHBIX LIEHTPOB (epMeHTa B
xuakod (aze copOuMoHHON cuctembl 124 wMmonb/n). I[lo wucreuennn 120 wmwuH.
SKCTIO3UINH TBEpPAYI0 a3y OTHeNsUH (UIBTPOBAHMEM M BBICYIIMBalN. B pesynbrare
MOJTy4aad MaTepHall, CoAepKalui 3 HMOJIb aKTUBHBIX LIEHTPOB (epMeHTa B 1 T.

AKTHBHOCTh HCCIEAYyEeMBIX (EPMEHTHBIX TpErnapaToB ONpPENCISUIM M0 HavalbHOU
CKOPOCTH OKHCJICHHsI CyOCTpaTa-BOCCTAHOBHTENS — THUIAPOXMHOHA. 3a EIMHUILY
aKTUBHOCTH (€. a.) MPUHUMAIM KOJIMYECTBO THJIPOXMHOHA (MKMOJb), KaTaJIUTHYECKU
OKHCJIEHHOTO Ha MPOTSHXKEHWU | MUHYTBI OHUM MKMOJIb a. II. (hepMeHTa (HATUBHOTO WIIN
COPOMPOBAHHOTO Ha MOJIIOKKE):

A = AC(ruapoxiHOHa, MKMOJIB/I) - V(PEaKIHOHHOI - CMECH, JT) ; 1)

v(a.u. pepMeHTa, MKMOJIb) - t(MHH)

Kunernka okuciaeHus TUAPOXHUHOHA MEPOKCUAOM BOAOPOaa B IMPUCYTCTBUHA HaTUBOI
MEPOKCUAa3bl PeIbKM 4YepHOH Obuta M3yueHa Hamu paHee [7]. st dopmupoBanus
TeTEPOreHHbIX KaTaJUTHYECKHX CHUCTEM IO | T ()epMEHTHBIX MpernapaToB, MOTy4eHHbBIX
HMMO6I/IJ’II/I3&HI/I€I7[ MEPOKCHUAa3bl HA CUIIMKArejidX B ONTUMAJIBHBIX YCJIOBUAX, BHOCUJIIN B
BOJHBIC pacTBOPEI, coacpKamme pa3InYHbIC KOHIOCHTpAaIunu TUAPOXUHOHA
(1-10° — 1-10* mons/n) n 0,05 Monb/n Tepokcuaa Bomopoaa (00beM KUAKOH (asel 50
mi). BeigepxkuBamu cuctemsl 10 MHH., 3aTeM HWHAKTHBHPOBAIW (DEPMEHT BBEIECHHEM B
cuctemy 1 mu IM ceproit kucioThl (pHeucreww=1), TOCTE UWEro KatammsaTop yAAISIIN
¢wibTpoBaHeM, B (QUIbTpATEe ONPEACTSUIA OCTATOYHBbIC KOHIICHTPAI[UH THJPOXHMHOHA
(hOTOKOTTOPUMETPHIECKH.

OKcIleprMEeHTANbHBIE JTAHHBIE HCIONB30BAIM JJIS pacueTa HadajdbHBIX CKOpPOCTEH
peakin (W). DddeKTrBHBIC KHHETHYECKHE MapaMeTpbl — MOPSIOK (Nypg) U KOHCTAHTY
ckopoct peakuuu (Kopp) — ompemensuin rpaguyecKMM METOJOM B KOOpAHMHATaX
Bant-T'odda. g pacuera MakCHManbHOW CKOPOCTH (epMEHTATUBHON peaKuH (Wmax) 1
koHcTaHTH Muxasmuca (K,) ucnonp3oBanu koopannate! Jlaitnymsepa — bepka.

PE3YJIbTATBI 1 OBCYXJIEHHUE

PesynpraTel  ompeneneHHs KaTaTUTHYECKOW aAKTHBHOCTH WMMOOMIM30BAHHOTO
(dbepMeHTa B WCCIENOBAHHBIX CHCTEMaxX IIOKa3aHel Ha pwuc. 1-4, ompenereHHbIe
rpajuyeckuMu  MeTOJaMH KHHETHYECKHe I1apamMeTpbl TEePOKCHIA3HOTO OKHCIEHUS
TUAPOXWHOHA CBEACHBI B TaOI. 1.

Kak mokazano B Tabm. 1, akTHBHOCTh NEPOKCHIA3bl, WMMOOWMIIM30BAaHHON Ha
cmivkarene, ocaxaeHHoM mpu pH=10, B oNTHUMambHBIX YCIOBHSX BO3pOCTa IO
CpPaBHEHHUIO C TeM e (epMEHTOM, NMMOOWIM30BAaHHBIM Ha CHITUKAresne, OCaKIESHHOM
mpu pH=2, m HaTuBHBIM ¢epMeHTOM. BeposiTHee Bcero, 3TO CBSI3aHHO C TEM, HYTO
n3MeHeHne pH ocaxaeHWs cuiaMKarens BeAeT K W3MEHEHHIO €ro CTPYKTYPHBIX
XapaKTepUCTUK M, CIEAOBaTEbHO, MEXaHW3Ma copOunu mepokcuaasbl. Kak M3BECTHO,
aKTUBHOCTH (PEPMEHTHOTO Tpenapara ONpenesieTcss He TONbKO KOIMYeCTBOM (hepMeHTa
Ha TOJIOKKE, HO U KOH(OpMaIuel ero MoJieKyll, ¥ MO3TOMY OHa Oy/eT CYIIeCTBEHHO
3aBHUCETH OT CIIO0co0a CBA3bIBaHM (pepMeHTa MOUTOKKOH [8].
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Taoaunma 1
KuHeTnyeckue mapaMeTpbl MePOKCHIA3HOT0 OKHCJIEHNS THAPOXHHOHA

Wmax, K.,
Iepokcuaasa Koy Nodd | \romn/n-c MOIE/L A, e a.
HarupHas 1110* | =1 4,1-10° | 0,7-10% | 1,6:10?

MmmobOunn3oBanHas Ha
CHITHKAresie, 0CaxICHHOM 50102 | 0,9 1,7-10° 1,7-102% | 1,7-10*
npu pH=10

NmmobOunmn3oBanHas Ha
cuimkarene, ocaxienaom | 1,7-10° | =1 3,5-10* 20107 3,2-10?
pu pH=2

1/w,
J1 ¢/ MOJIB

7000000

6000000

y = 508,8x + 2831.3
Ri=1

5000000

4000000

3000000

2000000

1000000

0 T T T T T 1
0 2000 4000 6000 8000 10000 12000

1/C, m'mone

Puc. 1. 3aBUCHMOCTh HAYaJIbHBIX CKOPOCTEH pPEaKITMH OKHUCJICHHS THAPOXWHOHA B
CHUCTEMax C MePOKCHIa30i, MMMOOMIM30BAaHHOW Ha CHIIMKArelie, OCaKIeHHOM TIpu pH=2,
OT KOHIIEHTpaIuu cyocTpaTa B KoopanHarax JlaitHynsepa — bepka
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y=099x-278
RY=0.9857

Puc. 2. Kunermka OKWCIEHMS THUAPOXMHOHA B CHCTEME C IEPOKCHIA30H,
MMMOOWIN30BAaHHOW Ha CHJIMKarene, ocaxaeHHoM rpu pH=2, B koopaunatax Baut-I'odda

1w,
I /MO
120000 -
100000 o y=5993x +578 .6
R?=03997
30000

B0000

40000 4

20000 4

D T T T T T 1
0 2000 4000 6000 2000 10000 12000
1T, o

Puc. 3. 3aBucMMOCTh HAYaJbHBIX CKOPOCTEH pPEAKLMM OKUCICHHS THAPOXWHOHA B
CHCTEeMax C MEpPOKCHIa30i, MMMOOWJIM30BAHHONW HA CHJIMKAareie, OCAKACHHOM IIpH
pH=10, ot xoHIIEHTpanuu cydcTpara B koopauHaTtax JlalinynBepa — bepka
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Puc. 4. Kunermka oOKkuClIeHHS THAPOXMHOHa B CHUCTEME C MEPOKCHJa30M,
MMMOOWIIN30BAaHHOM Ha cuinKarene, ocaxaeHHoM npu pH=10, B kooprunaaTtax Bant-I'odda

Panee nmpoBeeHHBIE HAMHU HCCIIEIOBAHMS MTOKA3alid, YTO (pOpMUpPOBAHHE MOHOCIIOS
agcopbata Ha TOMIOKKe, ocaxaeHHo mnpu pH=10, mpomcxomuT B AMaNa3zoHE
KOHIIeHTpanwid (epmeHTa B pactBope ot 240 mmons/n n0 310 HMOIB/N, TOrna Kak Ha
CHJIMKAreNsx, OcCaxaeHHbIX npu pH=2, B amamazone 60-190 umonb/n (puc. 5). Dro,
OYEBHJIHO, CBSI3aHO C COpOIMEd MOJEKYJ TEepPOKCHIa3bl HE TOJNBKO Ha IMOBEPXHOCTH
CHJIMKarens, ocaxjaeHHoro npu pH=10, HO u B mopax, CON3MEPUMBIX C MOJEKYISIPHBIMU
pa3smepamu Qepmenta. Kax mnpasmino, QopMHpoBaHHE ITOJMMOJCKYISPHBIX CIIOCB
(depMeHTa Ha MOBEPXHOCTH MOATIOKEK BEAECT K YMEHBIICHHIO AaKTUBHOCTH ITOMYyYEHHBIX
IperaparoB, MOATOMY ONTHMAJIbHBIC YCIOBHS CHHTe3a (EPMEHTHOrO IIpemapara Hu
TIPEATIoIaraii ero COpOIio B CUCTeMe, TAe ChOPMHUPOBAHHEIM MOHOCIION,  TeM Ooiee
TMIOJINCIION, OTCYTCTBYIOT.

AD
0,45
0.4 4 | | —o—10
035 4 maoHEocIo# 1T ——T

0,3 4
0,25 ~
0.2 4
0,15 ~
0.1 A

0,05 4 monacmof [
0 & T T T T ]
0 100 200 300 400 s00

Cia o) amMone/a
Puc. 5. Biusaue pH cuHTe3a cuimmkareneBoi MOUIOKKHA HAa MEXaHU3M COpOIUU U3
thochatHO-0yhepHBIX pacTBOPOB MTEPOKCUAA3BI PEBKU YepHOH [6]
| — pH ocaxxnenns cumukarens 2; |1 — pH ocaxxaenus cunmkarens 10
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Jns onpeneneHrs MOBEPXHOCTHOM CTPYKTYPBl CHIIMKareiaeid ObLT MPOBEACH aHAIU3
CHHTE3UPOBAaHHBIX 00pa3lOB METOAOM pAaCTPOBOWM 3JEKTPOHHOH MHKPOCKOMUHU. B
pe3ynbTaTe ObUTH YeTKO MOKa3aHbl MOP(HOIOTHYECKUE PA3IHUHsI MEXAY CHIUKATeIsIMH C
pH ocaxnenns 10 u pH ocaxnenus 2. Ha mukpodororpadum (puc. 6) BUAHO, 4YTO
JMamna3oH JUaMeTpoB IMOp MaTepuana, ModydeHHoro npu pH=2, nocTtaToYHO MIMPOK H
konebnercss B mpenenax ot 0,9 mo 12,9 mukpon. BepostHo, 4To naHHas CTpyKTypa
CUJIMKarens cnocoOCTByeT 00pa30BaHHIO Ha €ro MOBEPXHOCTU MOHOCIOS (hepMEHTa U3-3a
OrpaHUYEeHHON COPOIMOHHOM JOCTYITHOCTH IMOp, 4YTO BEACT K PE3KOMY CHHIKEHHIO
aKTUBHOCTH JJaHHOTO (DEpMEHTHOrO Ipernapara o CPaBHEHHUIO ¢ APYTUM 00pa3IoM.

- .
kV x500 20.00kV x1.00k

Puc. 6. Mukpodororpadus mnosepxHoctu Puc. 7. Mukpodororpadus MOBEPXHOCTH
CHJIMKArels, MoJy4eHHOoro npu pH=2 CHJIMKAreJis, mojydeHroro mpu pH=10

IMosepxHocTh cunukarens ¢ pH ocaxmenus 10 mpeacraisier coO00i COBOKYITHOCTh
HECKOJBbKHX cyOda3 (puc. 7), B 4aCTHOCTH HIOJBYATHIX BBIPOCTOB Ha ITOBEPXHOCTH
OCHOBHOH cyO¢a3pl. Tarke HaOmOmaeTcss HaJMYHMe MHOXKECTBA BTOPHYHBIX IIOP,
[IOTOMY MOXKHO IPEANOJIOKHUTh BBICOKYIO YZAEIbHYIO ILIOIIAab [IOBEPXHOCTU JAHHOTO
Mmarepuana. [lomoOHas HeOTHOPOIHASI CTPYKTYpa IMOBEPXHOCTH IMPAKTUYECKN HUCKITIOYAET
oOpazoBaHME€ MOHOCHIOA ajacopbaTa Ha IOBEPXHOCTH, 4YTO IO3BOJSIET JOCTHYb
MaKCHUMAaJIbHBIX 3HAYE€HUH aKTUBHOCTH (pepMeHTa, UMMOOMIN30BaHHOTO Ha IOBEPXHOCTU
JAHHOTO CHJIMKAress

OTnnuns B aKTUBHOCTSX HCCIEAYEMBIX ()EPMEHTHBIX MPENapaToB KOPPEIUPYIOT CO
3HAYCHUSIMM KUHETUYECKMX I1apaMeTpOB KaTAJINTHYECKOrO OKHCJICHUS THAPOXHHOHA
(tabn. 1). B xone skcnepuMeHTa OBUIO YCTAHOBIICHO, YTO MAKCUMAaJbHO 3(PPEKTHBHBIM
KaTalu3aToOpoOM B MCCIIELYEMOM IPOLEcCe SIBJISETCA [IEPOKCHIa3a, IMMOOMIN30BaHHAs Ha
cunukarene, cuHtesupoBaHHoM npu pH=10. CkopocTh ¢epMEHTATHBHOTO OKHCICHHUS
THJIPOXUHOHA Wiax Ha TIOPSIOK BBILIE, YeM BO BTOPOHM I'€TEpOreHHON CHCTEME, U Ha TpU
MOpsSIIKAa MPEBBIIACT 3HAYGHHE B TOMOTEHHOM CHUCTEME C HAaTUBHBIM (hEepMEHTOM,
aHAJIOTMYHAs TEHACHLMs MPOCICKUBACTCS U B CIy4ae CO 3HAYCHUSIMH 3(PPEKTUBHBIX
KOHCTaHT CKOpOCTH K,3p. B TO ke Bpemsi CelIeKTHMBHOCTh OTHOCHTENBHO cyOcTpara-
BOCCTaHOBHTENS JAHHOTO KaTajJu3aTopa MCXOAS M3 3HaueHHMs KOHCTaHThl Muxasmuca K,
MOBBIILIACTCS 110 CPaBHEHUIO C (epMEHTOM, MMMOOMJIM30BaHHBIM Ha cuimkareie ¢ pH
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ocaxaenus: 2. Ilo-BuauMoMy, 3TO CBSI3aHHO C OOpPaTUMOCTBIO cOpOnMHM (epMeHTa Ha
MoCIeAHEeH TOATOKKE W BO3MOXKHOCTBIO COpOLMM THUAPOXMHOHA Ha OCBOOOIUBIIEHCS
MOBEPXHOCTH [6]. VYCTAaHOBJIEHO, 4YTO MaKCUMaJlbHO M30UpaTelieH OTHOCHTEIBHO
THJIPOXUHOHA HATHBHBINA (DepMEHT.

D¢ (deKTHBHBIA TMOPSIOK peakIuK OKHCJICHUS THIPOXHHOHA B CHCTEME C
MEePOKCUIa30H, IMMOOWIM30BAHHON Ha CUIIMKarelne, ocaxaeHHoM npu pH=10, cocraBui
0,9 (puc. 4). BeposiTHO, OTiaMYME TOPSAKA PEAKIMU OT CAWHUIIBI, XapaKTEpHOW B
(hepMEHTATHBHOM KaTaJlu3e Uil JaHHOW 00JIacTH KOHIICHTpAIHi cyOcTpaTa, CBSA3aHHO C
OTCYTCTBHEM JecopOnuu QepMeHTa C MOJIOKKM B TEUEHHE BPEMEHH SKCHO3ZUIUH
CHCTEMBI TIPY W3YYEHWH KUHETHYECKUX MapaMeTpOB UCCIEIyeMOW peaKlMu W BKIAJIOM
CHJIUKAreleBOl MAaTpUIBl B MEXaHHU3M KaTAIMTHYECKOM pEaKIHHd MO CPaBHEHUIO C
HaTUBHBIM (epMeHTOM [6]. PaHee ObLIO YCTAHOBJIGHO, YTO B CiIydae CHIIMKArels,
ocaxaenHoro npu pH=10, mocne BbIIEpKHMBaHMS TMperapaTa HWMMOOMIM30BAHHOTO
(depMeHTa B TUCTWIMPOBAHHON Bojie B TedueHHe 10 MHHYT JecopOrusi mepoKchaas3bl
OTCYTCTBYET, a 24-4acoBasi IKCIIO3UIIHS TOTO e MaTephalia B JUCTHIIMPOBAHHON BOJIE
nmokasajna jgecopouuto He Oosee 10 % depmenta, Torma kak ¢ cuimkarens ¢ pH
OCaXKJICHUs 2 B aHAJOTMYHBIX YcloBUsiX aecopoupyercs 70 % 3a mepsbie 10 MuH.
AKCIIO3UIHH [6].

Takum 00pa3oM, YCTaHOBIIEHO, 4YTO IIPH WMMOOWIHM3allMM TEPOKCHAa3bl Ha
BOJIOHEPACTBOPHMOM IMOIOKKE MOP(OIOTHs IOCIIEIHEH ONpenenseT MEXaH|3M COpOIuu
(depMeHTa M €ro CTeleHb CBS3bIBAHWS, a TaKKe KaTAIUTHYECKYI0 aKTHBHOCTh
MOJTY4EeHHBIX (DEPMEHTHBIX MPETapaToB.

3AK/IIOYEHHUE

1. BbisiBICHBI 3aBUCHMOCTH KHHETHYECKHX MapaMeTPOB MEPOKCHIA3HOTO OKHCICHUS
THJIPOXUHOHA OT CTPYKTYPHBIX XapaKTePUCTUK CUJIMKArelieBOM MaTpUIBl |
xapakrepa coporuu hepMeHTa Ha Hel TP IMMOOMITH3AITNH.

2.  YCTaHOBIICHO, YTO HMMMOOWJIM3AIUsl TEPOKCHIAa3bl Ha CHJIMKArelIeBOH MaTpulle
METOI0M (PU3NUECKOM COPOIHMH IOBBIMIAECT KATATUTHICCKYIO aKTHBHOCTH (hepMEHTa
110 CpPaBHCHHUIO C €ro HaTUBHOH (opMoi, HO CHIKaeT U30MPATEILHOCTD
OTHOCHUTEJIBHO TUIPOXUHOHA.
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SUBSTRATE MORPHOLOGY INFLUENCE ON KINETICS OF
HYDROQUINONE OXIDATION BY MEANS OF PEROXYDASE IN ASYSTEM
WITH IMMOBILIZED ENZYME, EXTRACTED FROM ROOT CROP OF
BLACK RADISH

Vyatkina O. V., Aralkina M. V., Aralkin O. L., Bazhin V. U., Proshina I. V.

V. I. Vernadsky Crimean Federal University, Simferopol, Crimea, Russian Federation
E-mail: oksana_vyatkina@list.ru

Wide use of peroxidase in science and technology is caused by a number of unique
properties. However, the original peroxidase has significant drawbacks, namely: high
sensitivity to external factors such as temperature and pH, as well as instability during
storage. A solution of this problem is immobilization of the enzyme, i.e. attachment of the
enzyme in active form to the insoluble base. Silica gel is used as such base. It structure
and properties depends on the pH of synthesis. The present work is devoted to study the
influence of the structure of a silica gel base on the catalytic activity of immobilized
peroxidase of black radish root relative to the substrate of the reducing agent
hydroquinone. The Kkinetic parameters of the reaction of peroxidase oxidation of
hydroquinone in systems with an enzyme immobilized on silica gels with different
creation pH were studied. There were obtained enzyme preparations with height
peroxidase activity relative to hydroguinone by the method of physical sorption in static
conditions. It is shown that when peroxidase is immobilizing on a water-insoluble base,
the base structure determines the mechanism of sorption of the enzyme and its degree of
binding, and consequently, the catalytic activity of the resulting enzyme preparations.
Herewith, increases the activity of the immobilized enzyme relative to hydroquinone, and
decreases the selectivity because the parallel sorption of the substrate on the base is
possible. It has been determined that peroxidase immobilized on silica gel synthesized at
pH = 10 has maximal activity in the oxidation reaction of hydroquinone.

Keywords: peroxidase, immobilization, hydroguinone, Kinetic parameters.
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WCCNEQOBAHUE AHTUOKCUOAHTHOW AKTUBHOCTU U ®EHOJbHbIX
BELWECTB BEJIbIX UTPUCTbIX BUH PA3JINYHbIX CTPAH-
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IpoBeneH aHaNN3 aHTHOKCHAAHTHON aKTMBHOCTH M KOMIIOHEHTHOT'O COCTaBa ()CHONBHBIX COCANHEHUH OebIX
WIPHUCTHIX BHH pa3IUYHBIX CTPaH-IIPOU3BOAWTENEH METOJAMH aMIEPOMETPHH U BBICOKOI()(EKTHBHOM
JKUIKOCTHOH xpomarorpaduu. HaiineH nuanasoH BapbUpPOBaHMS aHTHOKCHAAHTHOM aKTHBHOCTH (EHONBHBIX
COCZIMHEHHUH, B TOM YHCIIe NX MOHOMEPHBIX (JOPM B pasiIMuHbIX rpymnmnax (OproT, MONYCyXHe U MONyCIaKue)
UTPHUCTBIX OENBIX BHH. YCTaHOBJICHO, YTO HE3aBHCHMO OT CTPAHBI-IPOU3BOIMTEINSI OENBIX WIPUCTBIX BHH
HaOIIoaeTcs OflHa M Ta )K€ 3aKOHOMEPHOCTb: C YBEIMYEHHEM COJEp)KaHHUs (DEHONBHBIX BEILIECTB M HX
MOHOMEpPHBIX (DOPM yBEIMYMBAETCS AHTHOKCHIAHTHAs aKTUBHOCTb. METOIOM pPErpecCHOHHOrO aHaiu3a
BBIBEJICHA KOPPEIAIMOHHAs 3aBUCUMOCTh MEX[y I10Ka3aTelleM aHTHOKCHUJIAHTHOH aKTUBHOCTH M MacCOBOH
KOHLICHTpanuell (PEeHONbHBIX BEILECTB, a TAKXKE MEXAYy AHTUOKCHIAHTHON AaKTHBHOCTBIO M CYMMOH
MOHOMEPHBIX (OpM (PEHOIBHBIX COCIUHEHHUH.

Knrouegvie cnoea: BUHO, aHTHOKCHIAHTHAs AaKTHBHOCTb, ()CHONbHBIE BEILECTBA; MOHOMEpHbIE (HOPMBbI,
BbIcOK0a(exTrBHas xuaKocTHast Xxpomarorpadus (BOXX); Goroxonopumerpus; amnepomMeTpus.

BBEJIEHUE

3a mocnenHue To/Ibl HAKOIUIEHO 3HAYUTEIBHOE KOJHYECTBO JAHHBIX O TMOJIb3€ TUXHX
BUHOTPAJIHBIX HATYpaJbHBIX BUH, TJIABHBIM 00pa3oM Onaromaps HaJIdYMi0 B HHUX
OMONIOTMYECKH aKTHBHBIX BEIIECTB (DEHONBHONH MPHUPOABI W TPOSBISEMOH HMH
AHTUOKCUJIAHTHOW aKTHBHOCTH. (DEHONbHBIE COSMMHEHHS O0JIAZIAI0T aHTHOKCHIAHTHBIM
IEHCTBHEM W TI0 CBOEH akTUBHOCTH TpeBocxomsaT BuTamMuubl C, E m B-xaporun. Onu
BCTYNAIOT B PEAKIMIO CO CBOOOJHBIMU PaTUKAIAMK, 00pa3yIOIIUMICS B MUTOXOHJIPHSIX
KJICTOK YENOBEKa BO BpPEMS OKHCIHTEIBHOI'O CTPECcCa, W BBI3BIBAIOT WX TIOJNHYIO WIIH
JaCTHYHYIO HHAKTHBAIHIO [ 1-5].

Benble urpucteie BHHA MONB3YIOTCS OOJBIIMM CIIPOCOM CPEIU MOTpPEOHTENEH,
MOSTOMY BBISIBIICHHE WX TMOTEHIMANa JUIS 3/J0pPOBbs 4YeJOBEKAa — HACyI[HAs 3ajadva
SHOJIOTUYECKUX HCCIeNOBaHui. Bpauu OTHAIOT NpearovTeHHe KpPACHBIM CTOJOBBIM
BHHaM, HO OeNble BHHA MO OTJENbHBIM XapaKTEPHUCTUKAM MOTYT WX MPEBOCXOAUTH. TakK,
eCIM  CcoJiep)KaHue AHTHOKCHJAHTOB B KpPACHBIX BHHAX OONbIIe, TO B OCNBIX OHHU
s¢deKTHBHEE, TOCKOJIbKY MX MOJICKYIbl MEHBINE MO pa3Mepy H Jierde MPOHHUKAIOT B
TKaHU opraHu3ma. benoe BUHO MMeeT XOpOIIUi mpoduiakTuueckuil dhdeKT, 3amuimas
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MUTOXOHJPUH, CHUKAsl PUCK CEPACUHBIX MPUCTYIIOB. benbie HTpucThie BUHA MOME3HBI AT
JBIXaHUsl, TIOCKONBKY OHM COZepKaT (DeHONIbHBIC BEIIECTBA, MPEMATCTBYIOIINE JeHCTBHIO
CBOOO/IHBIX paJMKaJIOB Ha JIETOUYHYIO TKaHb, TOMOTasi BEHTHIISIINH JErKux [6, 7].

ABTopamu pabot [8—10] ycraHoBIeHO, 4TO Oeble BUHA 3alUINAI0T MUTOXOHJPUHU U
CHOCOOCTBYIOT OoJiee TOJIHOMY JHEPrOCHA0KCHUIO KIIETOK, a KPOME TOro, W3BECTHBI
HCCIIECIOBaHNS aHTUOKCUIAHTHOM aKTUBHOCTH OENTBIX CTOJOBBIX BHHOMATEPHAJIOB, BUH U
COKOB.

B pesynbrare mccnenoBaHuii aBTopoB pabotrhl [11] ycraHOBIIEHO, YTO O€ble BHHA
00J1a1al0T BBICOKHUM COZIEp’KaHHMEM OHOJIOTHYECKH AaKTUBHBIX BELIECTB, B YaCTHOCTH B
0esoM CTOI0BOM BUHE «PuciuHry ux obHapyskeHo okojio 100.

B pabGorax [12, 13] mpoBeneHO HCCIIEIOBaHUE AHTHOKCHIAHTHON aKTHUBHOCTH
(hOTOKOIOPUMETPUIECKHM METOZIOM ¢ ncnonb3oBanreM DPPH niist HekoTopsix 00pa3ios
OpaswIIbCKUX WUTPUCTBIX BUH M TOKA3aHO BIMsAHHE «sur lie» (KOHTaKTHPOBaHUS BUH C
JPOXOKaMH) Ha aHTHOKCHJIAHTHYIO aKTUBHOCTb.

B wunctuTyTe «Marapau» coBMecTHO ¢ HanuoHanbHBIM (apMaleBTHIECKUM
yHuBepcuteroM (T. XapbkoB) ObUla MccienoBaHa iN VIVO aHTHOKCHAHTHAsh aKTUBHOCTb
BHHOMATEPHAJIOB M3 BUHOTPaja copra Pxamureny, IPUTOTOBIEHHBIX MO TPaAUIIUOHHON
TexHoyoruu («mo-0emomy» croco0y). B pesynbrare npoBeaeHHBIX HCCIEHOBAaHUN OBLIO
YCTaHOBJICHO, YTO Oellble CTOJOBbIC BHHA MPOSBISIOT JIOCTATOYHO BBICOKYIO CTpecC-
MPOTEKTOPHYIO,  TEMAaTONPOTEKTOPHYID M AHTHATEPOreHHYI0  aKTUBHOCTh  TPH
SMOITMOHAIIEHO-0051eBOM cTpecce [14].

U3BecTHO, 4YTO cOCTaB M AaKTUBHOCTH ()EHOJNBHBIX COCJMHEHUH B BHHAX
OIPEIETISIIOTCS KaK CIIOCOOOM TPUTOTOBIICHHS, TAK U BPEMEHEM BBIJICPIKKH M YCIIOBHEM
XpaHEeHHs TOTOBOW mpomykmuu. B paborax [15, 16] mokazaHo, 4TO NMpH OyTHUIOYHOM
XpaHEHUM aHTHOKCHUIAHTHAS aKTHBHOCTH O€NBIX BWUH TPAKTHYECKH HE CHIIKAETCS, B
KpacHBIX K€ BHHAX B TpOIEcCe XpaHEHHUs, HAo0OpOT, HaONIIOJaeTcsl CHUKEHUE
AHTUOKCHJAHTHOH aKTHBHOCTH. B KpacHBIX BHHOMAarepuasiax HauOoIbIllee CHUKEHUE
KOJIMYeCTBa TIOMU(EHOJIOB, OCOOCHHO aHTOITMAaHOB, OTMEYCHO Ha 4-5-M Mecsmax
XpaHEHHUs, a B TEUYEHHE OJHOTO0 Tofla — 3aMETHOE CHI)KEHHE KOJMYECTBA TaJJIOBOH
KHCIIOTH (Oojiee yeM B 1Ba pasza), karexwHa (B 2,1 paza), snmkatexuna (B 1,6 pasa),
KaTapoBOil KHCIOTBI — (B 2 pas3a), OTCYTCTBHE MpPAHC-PECBEPATPOIA TPHUBEIO K
YMEHbBIIIEHUIO aHTHOKCHIAHTHONW aKTUBHOCTH KPACHBIX BUHOMAaTEPHaJIOB.

B 10 ke Bpems maHHBIX 00 aHTHOKCHIAHTHON aKTHBHOCTH ¥l KOMITIOHEHTHOM COCTaBE
(beHONMBHBIX BEMmIECTB OENBIX HWIPHCTHIX BHH B OTEUECTBEHHON HAYYHOW IHUTEpaType
HEIOCTaTOYHO, TIOITOMY IENBbI0 HACTOSIIEr0 SBUJIOCH OMpeeNieHNe aHTHOKCHIAHTHOM
AKTUBHOCTH, a TaK)Ke KaYeCTBEHHOTO M KOJMYECTBEHHOI'O COCTaBa (PEHOIBHBIX BEIIECTB
OENBIX UTPUCTHIX BUH Pa3IUYHBIX CTPaH MPOU3BOIAUTEICH.

MATEPHAJIBI U METO/bI

Jannast paboTta BBINTONHSIIACE B paMKax rocynapcreeHHoro 3aganus ®AHO Poccun
(Ne 0833-2015-0001).

OObeKkTaMu McClIeNOoBaHUI SBISAINCH 00pa3Lbl Pa3IUYHbIX IPYMH OENbIX WIPUCTHIX
BHH, npousBedeHHbIX B Poccumn, @panunun, Vcnanum n Ha Yxpaune. Ot6op npoO BHH
ocymectBis o 'OCT 31730-2012 [17], noaroroBky npod — o 'OCT 26671-2014
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[18]. OOpa3isl HccinenyeMbIX UTPUCTBIX BUH MOJABEPrajy MpOLeaype MpenBapUTelbHON
nerazaimu Ha yneTpasBykoBoir Oane BADELIN SONOREX (I'epmanus). ®usuko-
XUMUYECKUe noKasaTenu 00pa3ioB UTPHUCTBIX BUH, oIpeziesICHHbIC
CTaHJaPTU3UPOBAHHBIMU U TIPUHITHIMA B BUHOJEINU MeToaaMHu, cooTBercTBoBann ['OCT
33336-2015 [19-23]. AHTHOKCHIAHTHYIO aKTHBHOCTb OMPEICISIIA aMIEPOMETPHYECKUM
METOJIOM Ha aHaJM3aTOpe aHTHOKCHUIAHTHOH akTMBHOCTH BemecTB llBer SIY3A-01-AA
(HITO «Xumaptomatukay, P®) [21-22]. MaccoByro KOHIIEHTpaIUIO (hEHOIBHBIX BEIICCTB
onpenesnsau (hOTOKOJIOPUMETPUICCKUM METOJIOM [23]. KadecTBenubiit  u
KOJTMYECTBEHHBIH COCTaB MOHOMEpPHBIX (opM (EeHONBHBIX BeHmIECTB B OOBEKTax
HCCIIEIOBaHUS ONPEEISIIA METOIOM BBICOKO3(D(PEKTUBHOM KHUIKOCTHOH XpomaTorpadun
¢ Hcnonb3oBaHMeM xpomarorpadudeckor cucrembl Agilent Technologies (momens 1100,
CIIIA) ¢ auomHO-MaTpUYHBIM AETEKTOPOM M IO aHAJOrMYHbIM Meronukam [23]. s
paszieneHusl BEUIeCTB MONUGEHOIBFHOW TPUPOJBI UCIIOIB30BAIH XPOMAaTOrpadUuecKyro
koJIoHKY Zorbax SB-C18 pasmepom 2,1x150 MM, 3aII0JHEHHYIO CUIMKATreIeM C IPUBUTOM
OKTAJCIWICHIMIILHOW  (pa3oi ¢ pa3MepoM  dacTul[ copOeHTa 3,5  MKM.
XpomarorpadupoBaHie MPOBOJAMIN B TIPaJUCHTHOM PEKHUME JIIIOCHTOM: METaHON H
0,6 % BomHbIH pacTBOp TPUDTOPYKCYCHOM KHCIOTHL CKOPOCTh IIOTOKA 3JIIOEHTA —
0,25 ma/mun. O0beM BBOIUMOMN TPoOBI cocTaBmi 1 MK MaeHTHHKAIIMIO KOMITOHEHTOB
MPOM3BOJMIM IO WX BpPEMEHH yJepKWBaHUS. Pacuer KOMMUYECTBEHHOTO COJepIKaHUs
WHIUBUIYallbHBIX KOMIIOHEHTOB IPOM3BOJMIIN C HCIOJIb30BAHUEM KaINOPOBOYHBIX
rpaMKOB 3aBUCHMOCTH IIJIOMIAJM TIMKA OT KOHIEHTPAIlMK BEIIECTBa, IOCTPOSHHBIX II0
pacTBopaM MHIAMBUIyaILHBIX BemlecTB. Colepkanre KadTapoBOi KUCIIOTHI OMPEEIIsUIA B
nepecuere Ha KodelHylo KUCIOTy. B kadecTBe CTaHIApTOB HCIIONB30BalH T'aJUIOBYIO
KHCIIOTY, Kodeinyto kucnoty, (+)-D-katexun, ksepuerun muruapat (Fluka Chemie AG,
[Beiiapust) W mpanc-pecBepaTpos, (—)-3MHKATEXUH, CHPEHEBYIO KHCIIOTY (QHPMBI
Sigma-Aldrich, IllBeiiriapus. Bce ompeneneHus MPOBOAWIN B TPEX ITOBTOPHOCTSX.
Pesynpratel uccrnenoBaHuii 00OpabaThIBa CTAaHAAPTHBIMH METOJAMH MaTEeMaTHYEeCKOMH
CTaTHCTHUKH.

PE3YJIbTATBI 1 OBCYXKJIEHUE

B pabore mpencraBieHbl pe3yNbTaThl HCCIENOBAHUN, MPOBOAMMBIX B HAay4HO-
HCCIIeIOBATEIbCKOM MHCTUTYTE BUHOTPAZapCcTBa U BUHOAEUs «Marapauy.

W3BecTHO, YTO TEXHOJOTHSI MPOU3BOJCTBA OTEUYECTBEHHBIX WIPHUCTHIX OCIBIX BHH
BKJIIOYAET B ce0s OpOKCHHE IMOICaXapeHHBIX OEIBIX BHHOMATEPHAJIOB: OEIBIH CTOIOBBIM
BHHOMAaTEpHal — BTOPHYHOE OpOXKEHHE — WUTPHCTOE BHHO [24]. BaXHBIM MOKa3aTeneM
KayecTBa BWHA SBISCTCS COJCpKaHUE (EHONBHBIX COCIUHEHHH, MO3TOMY BHAdale
(hOTOKOIOPUMETPHUYECKHM METOJIOM OIPEICISUTA MacCOBYIO KOHIIEHTPAIMIO (DEHONBHBIX
BEIECTB. 3HAYCHHE AHTHOKCHJAHTHOW AKTUBHOCTU OINPEICISUIA aMIIEPOMETPHYCCKUM
meroaoM (Tabm. 1).
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Taoanna 1

MaccoBasi KOHICHTPaus (l)eHO.]'[LHI)IX BCIIECTB U AHTHOKCUAAHTHAsA aAKTUBHOCTDH
HI'PUCTBIX 0eJIbIX BUH

I'pynmbt Koglaggfsgél/lﬂ AOA
Ne UTPUCTBIX HaumeHnoBanue Crpana- (EHONMBHBIX (10
- MIPOU3BOIUTEIb BemecTs (110 TI’OIO)g),
Trolox), r/mm® r/aM
Buno urpucroe Poccus,
1 OproT Oertoe PecryOnuka 0,78 0,32
«3omoTast bamka» Kpem
Buno urpucroe
KOJIJICKITUOHHOE
2 Bprot Oenoe OproT Vkpanna 0,63 0,29
«ApTEMOBCK
Baitnepu»
«Moet Chandon
3 Imperial Brut» Dpamps 0.47 0,24
CpenHee 3HaYEHNE 0,63 0,28
Buno urpucroe Poccns,
4 gonycyxoe PecniyGnuka 0,85 0,31
enoe «3o01oTas Kb
Oayka» P
Buno urpucroe
THoryeyxue BBIZICPKaHHOE
5 Oenoe momycyxoe VYkpauna 0,75 0,30
«ApTemMoBCK
Baitnepu»
«Freixenet Cava
6 Carta Nevada Hcnanus 0,83 0,30
Semi Seco»
CpenHee 3HAYEHNE 0,77 0,30
BuHo urpucroe P
occusl,
7 gonycnamcoe Pecry0Onvka 0,87 0,30
enoe «3o01oTas K
Oayka» PBIM
BuHo urpucroe
MOJIYCIAJIKOE Poccus,
8 | Monycnaakue | MyckaTHOE Pecry0Onvka 1,95 0,54
oenoe «3omoras Kpem
Oayka»
Buno urpucroe
BBLJICP)KaHHOE
9 Oeroe Vipanna 0,83 0,31
MOy CIAJIKOE
«ApTEMOBCK
Baiinepu»
CpenHee 3HaUEHHE 1,22 0,38

196



WCCNEOQOBAHUE AHTUOKCUOAHTHOM AKTUBHOCTU U ®EHONbHbIX ...

Ananu3 nomydeHHbIX naHHbIX (Tabm. 1) mokasan, 4To cpeau MCClemLyeMBIX TPy
UTPUCTBIX O€nbIX BWUH HauOOJbIIEH AaHTUOKCUIAAHTHOM AKTUBHOCTBIO M MAacCOBOH
KOHIIEHTpalueil (eHONbHBIX BEIIECTB XapaKTepU30Bajach rpymiia MOoIyciIaIkuX BUH, TaK,
cojiep>kaHue ()eHOIBHBIX BEIIECTB B HUX ObLIO B 1,9 pa3a (Ha 48 %) Bblle, yeM B rpymme
«urpucteie, Optot», u B 1,58 paza (ma 37 %) Bble, YeM B TPYIIE «IIOIYCYXUEY.
3HaveHNEe aHTHMOKCHJIAHTHOW aKTHBHOCTH B OENbIX MONyclaakuX Bbime B 1,36 pasa (Ha
26 %), yem B rpymmne «OproTt», u B 1,27 paza (Ha 21 %) — B momycyxux. Criemyer
OTMETUTH, YTO HaWMEHbIEEe colepKaHue (EHONBHBIX BEIIECTB U, COOTBETCTBEHHO,
HaMMEHbIIIee 3HAUYCHNE aHTUOKCUAAHTHON aKTUBHOCTH Habmomaercs s «Moet Chandon
Imperial Brut» (®panmus). HaunGonbiiee 3HaYeHHWE AHTUOKCHJIAHTHOW AaKTUBHOCTU H
cofiepkaHue (DEHONBHBIX BEHIECTB OTMEUYEHO B MIPUCTOM MONYCIAJAKOM MYCKaTHOM
Oenom BuHE «3omoras 6anka» (Poccus).

B Tabn. 2 mpencraBieH KadyecTBEHHBIH M KOJMYECTBEHHBIM COCTaB MOHOMEPHBIX
dbopM (QEHONBHBIX COCTUHEHHH OENBIX WIPHCTBIX BHUH, HICHTH(QUIUPOBAHHBIX C
nomotpio BOXKX. OcHoBHBIE MOHOMEPHBIE POPMBI PEHONBHBIX COSNMHEHNUN BKIFOYAIOT:
OKCHKOpPHYHBIC M OKCHOEH30MHBIE KUCIOTHI, ()yiaBaH-3-011b1 B (IaBOHBI.

Tabauna 2
Monomepnbie GopMbI (PeHOTBHBIX COCTMHEHHI HIPUCTHIX 0€IbIX BUH PA3JIHYHBIX
rpynmn
MaccoBas KOHIIEHTpalus, MUH-MakKc, mr/mm®
cp.
IToka3arenu Hrpucroe Hrpucroe Urpucroe
OproT MOJTyCyX0e MTOJTyCITaJTKOE
Oenoe Oemoe Oemoe
OxcukopudHbie (KadTapoBasi, 115-364 20,1 -339 16,6 —93,1
KayTapoBasi, 7-KyMapoBast) KHCJIOThI 22,5 27,9 45,6
OxcubeH30iHbIe (TaIoBas, 25-41 48-73 50-136
CHpPEHEBas1) KUCIIOThI 3,4 6,4 9,8
dnasan-3-ois1 ((+)-D-karexum, (-)- 16-56 1,7-6,6 2,1-147
SIUKATCXHH ) 3,6 3,5 7,8
®daBoHbI (KBEPLETHH, KBEPICTHH-3- 05-09 04-09 04-56
O-IJIMKOo31 1) 0,7 0,7 2,3
CyMMa MOHOMEpHBIX hopM 140-424 31,8-438 2851242
(heHOPHBIX BEUIECTB 28,7 38,4 65,5

VBenuyeHne 3HaYeHHsS MacCOBOH KOHICHTPAIMM MOHOMEPHBIX (OpM (EHONBHBIX
COCNMHEHWH 1O  TpynmaM  WIPHCTBIX ~ BHH  TIPOMCXOIUT B CIEAYIOIICH
TIOCNIE/IOBATENBHOCTH: HIPHCTEIC OproT (28,7 Mr/mM°) — HIpHCTBIE IIOMyCyXHe
(38,4 Mr/nm®) — wmrpucteie nomycmankue (65,5 wmr/mv®). Hambombinee 3HaucHHe
KOHIICHTPAIIMM MOHOMEPHBIX (DEHOIBHBIX COCIMHEHUH OBLIO OTMEYEHO B TpYyIIE OENbIX
UTPHCTHIX TTONYCIIaIKNX BUH B 2,3 pa3a BBIIIE, 4eM B TpyIIe «OproT», u B 1,7 pasa BbIIIe,
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yeM B rpymnme monycyxux. Jloms MoHOMepHBIX (opM (PEHOIBHBIX COEAWHEHHUH B
HCCIIEyeMBIX TPYIax HWIPUCTBIX BHH OT OOLIEro cojepaHus (EHOJbHBIX BEIIECTB
cocrasisier: OptoT — 46 %, momycyxue — 48 %, nonmycnaakue — 54 %. Cienyer OTMETUTb,
YyTO BHHaA C 60H])H.II/IM COACPKAHUEM OKCHUKOPUYHBIX U OKCH6CH3OI71HLIX KHCJIOT
OTJINYAIOTCA ¥ OoJiee BRICOKHM 3HAUYEHHEM aHTHOKCHIAHTHOW aKTHBHOCTH.

MeromoM pErpecCHOHHOr0 aHajan3a ObUTO TONYyYEeHO YpaBHEHHE pErpeccuu,
BBIPKAIOIIEE B3aMMOCBSI3b MACCOBOM KOHI[EHTPAIMU (PEHOJBHBIX BEIIECTB Pa3MUYHBIX
TPYIII UTPUCTBIX OCNBIX BUH U MX aHTHOKCHIAHTHOW aKTHBHOCTH (pHC. 2):

y=0,172x+0,170 , R*= 0,998,
IJIe Y — aHTUOKCUIAHTHAS! aKTUBHOCTD, r/am>;
X — MaccoBas KOHIIEHTpAIKs O0IIMX ()eHONBHBIX BEIIECTB, /v
Rz — BCJIIMYUHA JOCTOBCPHOCTHU AlIIIPOKCUMAIINHU.

Takxke MOITy4eHO ypaBHEHHE PErpecCHH aHTHOKCHUIAHTHOM aKTUBHOCTH U CYMMBI
MOHOMEpPHBIX (OpM (EHOIBHBIX BEHIECTB PA3IMYHBIX TPYII HIPUCTHIX OENBIX BHH,
MOATBEPKAAIOLIEE UX B3aUMOCBSI3b:

y=2,66x+0,201 , R?=0,998,
TJie y — aHTHOKCUAHTHAs aKTHBHOCTD, T/1IM’;
X — CyMMa MOHOMEpPHBIX (opM (EHONBHBIX BEIIECTB, I/AMS;
R? — BeIMUMHA OCTOBEPHOCTH AMIPOKCHMAIIHHL.

IIpoBeneHHBII  PErpecCMOHHBIA  AHANM3 II0Ka3aJl HaJU4HhE IIOJIOKUTEIBHOU
KOPPEIALNOHHON 3aBUCHMOCTH MEXIy OOIIMM cofep:kKaHueM (EHONbHBIX BEIIECTB U
AHTHOKCUAAHTHON aKTHBHOCTHIO.

3AK/IIOYEHHUE

Ha ocHOBaHUM NMpOBEAEHHBIX MCCIIEI0BAHUN HAWIEHO, YTO HE3AaBUCUMO OT CTpaHBbI-
MIPOU3BOAUTENS HAOMIOMACTCSl €IuHass 3aKOHOMEPHOCTh: C YBEIHMYCHHEM MAacCOBOU
KOHITEHTpaIMu (PEHONBHBIX BEIIECTB U WX MOHOMEPHBIX ()OPM B MTPUCTBIX OCIIBIX BHHAX
VBEITMYUBACTCS M UX aHTHOKCHIAHTHAS aKTHBHOCTb.

Jltst  TIOBBITIICHWS]  aHTHOKCHIAHTHOM  aKTUBHOCTH  WIPHUCTBIX  OCNBIX  BUH
HEOOXOAWMEIM YCIOBHEM SIBIISIETCA PETryIMPOBAaHHWE TEXHOJOTHMYECKUX TPHUEMOB U
PSKUMOB ITPOM3BOJCTBA, HAIPABJICHHBIX HAa HAKOIUICHHE M COXpAaHEHHE MOHOMEPHBIX
(hopM PEHONMBHBIX COCTUHCHUT.
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ANTIOXIDANT ACTIVITY AND PHENOLIC SUBSTANCES OF WHITE WINES
VARIOUS MANUFACTURING COUNTRIES

Grishin Yu. V.%, Aristova N. 1.}, Panov D. A2

'Government- Financed Establishment of the Republic of the Crimea “National Research Institute for
Vine and Wine “Magarach”, Crimea, Russian Federation

2V. 1. Vernadsky Crimean Federal University, Simferopol, Crimea, Russian Federation

E-mail: akademik_n@mail.ru

An analysis of the antioxidant activity and component composition of phenolic
compounds of white sparkling wines of various wine-producing countries using
amperometry and high-performance liquid chromatography was carried out.

The objects of research were samples of various groups of white sparkling wines
produced in Russia, France, Spain and Ukraine. Samples of the investigated sparkling
wines were subjected to a preliminary degassing procedure on an ultrasonic bath
BADELIN SONOREX (Germany). The qualitative and quantitative composition of the
monomeric forms of phenolic substances in the objects of the study was determined by the
method of high-performance liquid chromatography using the chromatographic system
Agilent Technologies (model 1100, USA). Zorbax SB-C18 chromatography column was
used to separate polyphenolic substances. Gallic acid, caffeic acid, (+)-D-catechin,
quercetin dihydrate (Fluka Chemie AG, Switzerland) and trans-resveratrol, (-)-
epicatechin, lilac acid of the firm (Sigma-Aldrich, Switzerland) were used as standards.

The range of variation of antioxidant activity, phenolic compounds, including their
monomeric forms in various groups (brut, semi-dry and semisweet) of sparkling white
wines has been found.

The highest value of antioxidant activity and content of phenolic substances was
noted in the sparkling semisweet Muscat white wine "Zolotaya Balka" (Russia). The
lowest content of phenolic substances and, correspondingly, the lowest value of
antioxidant activity is observed for "Moet Chandon Imperial Brut" (France). Wines with a
high content of oxycinnamic and hydroxybenzoic acids differ and a higher value of
antioxidant activity.

It is established that irrespective of wine-producing countries, the same regularity is
observed: with the increase in the content of phenolic substances and their monomeric
forms, antioxidant activity increases. The correlation dependence between the antioxidant
activity index and the mass concentration of phenolic substances and the sum of their
monomeric forms was derived by regression analysis.

Keywords: wine, antioxidant activity, phenolic substances; monomeric forms, high-
performance liquid chromatography (HPLC); photocolorimetry; amperometry.
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(Pishchepromizdat, Moscow, 1998). (in Russ.)
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CTABUNN3ALINA U KOAJIECUEHUUA TMAPODPOBU3UPYHOLLNX
3MYNbCUA HA OCHOBE MOJIMCUITOKCAHOBOW XXUOKOCTU

Huwenko A. B., backaxog II. C., Cmpoxosa B. B., Monuanog A. O.

benzopoockuit zocyoapcmeennviii mexnonozuueckuit ynueepcumem um. B. I'. Ilyxoea,
benzopoo, Poccusn
E-mail: alina.ishchenko.92@mail.ru

B pabore wu3ydeHBl MHCIEPCHOHHBIE CBOKWCTBA 3MYJIBIMPOBAaHHBIX IIOJUCHIIOKCAHOB B IPUCYTCTBHH
HenoHOreHHbIX [IAB M BOZOpacTBOPUMBIX OpraHMYECKHUX COPACTBOPUTENEH, a Takke THAPO(GOOHBIX
MOKPBITHH, MOMydEeHHBIX Ha WX OcHOBe. OIMCaHBl pe3ylbTaThl MCCIIEIOBAHMS BIHMSHUS KOHLEHTPALUH
TIOJIMBIHUIIOBOTO CIHPTA, STHJICHIJIMKONS M TPUMETHIIIEHTAHIHOIN300yTHpaTa (TeKcaHoda) Ha (H3HMKO-
XUMHYECKHE  XapAaKTEPUCTHKH TUAPOQOOH3UPYIOIUX SMYJIbCHH. YCTAaHOBJIEHO, 4YTO IIOBBIIICHHE
ruapoOOU3UPYIOINX CBOIMCTB TMOKPBHITHH, CQOPMHUPOBAHHBIX W3 IIONY4EHHBIX OMynbcuil ¢ 25 %
coJlep>KaHUEeM MOJICHIIOKCaHa, JOCTUraeTcsl IyTeM BBEIECHHS ITOJIMBUHUIIOBOTO CMpPTA B KonuuecTse 6—8 %
u stunenrnukonst 8—10 %.

Kniouesvie cnosa: rtuapodoOmsMpyromas OMyJbCHs, IOJHCHIOKCAH, KOAJeCHEHTHl, TEeKCaHOI,
STHIEHTIINKOb, [IBC.

BBEJEHUE

B cpene HeratuBHOro BO3AEHCTBUS aTMOC(EPHBIX OCAJKOB M IPOMBILIUICHHBIX
BBIOPOCOB (hacaaHbIe MaTEpUAIIBI TIOBEPIKEHBI Pa3pyIICHNI0. B CBSA3M ¢ 3TUM aKTyalbHOU
SIBJIICTCSL  3allUTa OTHEIOYHBIX CTPOUTENBHBIX MAaTepHayoB IIyTeM OOpabOTKH HX
[IOBEPXHOCTH MOJIMCUIIOKCAHOBBIMH 3MYJIbCUSMHU.

Hawnbonee w3BeCTHBIM 3MYJIBraTOpoOM MJIsl MPHUTOTOBJICHUS THUAPOPOOH3UpPYIOIIeH
SMYNbCUH sBIsIeTcd JKkenaTHH. OIHAKO HMYJIBCHHM Ha €ro OCHOBE  SIBJISIOTCS
HEYCTOMUYMBBIMU W HENONTOBEUHBIMH. B CBSI3M C 3TUM aKTyasJbHBIM SIBJISETCS 3aMeHa
TPaJULHOHHO HUCIIONb3yEMOr0 JKeJaTUHA ApYyruMu HenoHoreHHbMu ITAB. [lns co3ganus
YCTOWYMBBIX AMYJIBCHM THIIA «MAacjiO B BOJAE» B HACTOAIEE BpeMs MHCHOIb3YyeTcs
MOJIMBUHWIOBBIN ciupT. OIHAKO KOAJIECLCHLIUS 3MYJIbCUH MOIMCUIIOKCAaHA HAa €r0 OCHOBE
JeTanbHO He Oblla H3ydeHa, B TOM 4YHCIE€ IPH JONOJHUTEIbHOM BBEACHUU
BOJIOPACTBOPUMBIX OPraHUYECKUX copacTBopuTeneil (koajecueHToB). s mpoBemeHUs
UCCNIeIOBaHUH OBIIM  HMCIIONB30BAaHBl THUIIOBBIE KOAJECLEHTHI, HCIOIb3yEMbIE B
JIAKOKPACOYHON MPOMBILIUIEHHOCTH C Pa3HOH TeMIlepaTypol KUIIeHUs, — STUIICHTJIUKOIb U
TPUMETHINIEHTaHAnonn300yTupaT (tekcanon). s ompeneneHus (QU3NKO-XUMHUYECKHX
TOoKa3aTeneil MONMCUIIOKCAHOBBIX IMYIBCUN U TUAPOPOOHBIX CBOMCTB MOKPBHITUH HA X
OCHOBE OblIa MPOBE/ICHA OLICHKA BIMSAHUS HAa HUX KOHLEeHTpauuu [TIAB u KoasieclieHTOB.
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MATEPHUAJIBI U METO/JIbI

Hnst mpuroroBnenus BogHoro pactsopa [IBC ucnonb3oBany OWAMCTHILIMPOBAHHYIO
Bony u I[IBC mapku SUNDY PVA 088-05 mpoumssoncrea SINOPEC SICHUAN
VINYLON WORKS (Kwuraii) pasnuuHod KkoHueHTparmu — 3, 6, 9, 12 %. Ilpu
MOCTOSIHHOM ~TMEPEMEIIMBAaHUM Ha HEBBICOKHX O00OpPOTax MarHATHOH MeIalkd B
MPEABAPUTENBHO JIEra3upPOBaHHYIO BOJY MOCTeNeHHO 100aBisun kpuctanisl [IBC, mocne
4ero pacTBopsun ux npu temmneparype 10 80 °C B reuenue 50-60 MUHYT.

[MomucuiiokcanoBble TUAPOGOOU3UPYIONIHE SMYJIbCUU OBUIM MOJYYEHBI ITyTEM
BBICOKOCKOPOCTHOT'O  OMYJIbIHPOBAaHMSI KPEMHUHOpPraHHYecKoro ruapododmu3aropa u
nonuBuHmiIoBoro cnupra (IIBC) B OmaucrtuinmupoBaHHOM Bojme. B kauectse
rUIpoQOOU3HPYIONIEr0 KOMIIOHEHTa MCIIONB30BAM KPEMHUHOPTraHMYECKUH TIONUMep
I'’KXK-94, pabouast koHueHTtpamms — 25%. OMynbcHM TOTOBHJIM TIPH TTOMOIIH
naboparopHoro cmecurens Silverson L5m-A. B pacrBop ITIBC Ha ckopoctu
nepemenuBanust 5000 00/MHH. TIOCTENIGHHO JO0ABISUIM  KPEMHUMOPTaHMUYECKYIO
)uakocth B TeueHue 40-60 c. Ilocie gero yBemuymBaiu CKOPOCTh MEPEMEIIMBAHUS 10
10000 o6/munH. Bpems mnepemenvBaHus ¢ MOMEHTa BIMBaHHS ruapodoOu3aTopa
cocrapmwiio 10 muH. B mpomecce 3MynbrupoBaHusi €MKOCTh C JKHAKOCTBIO OXJIaXKIallu
IBJIOM W BOMOW. B  kadecTBe KoayecleHTa OBbUTM  HCIIONB30BAHBI  TEKCAHOI
(TpUMETHIINIEHTaHANONN300yTHPAT) U STHIEHTIUKONs B KommdectBe 1, 5 m 10 % ot
obmreit maccel pactBopa (Ta6m. 1). [Ineraku mucnepcnu ToMmMUHON 60 MKM HAaHOCHIIH TIPH
IIOMOI  aMIUIMKaTopa Ha TBEPAYI IOBEPXHOCTh (CTEKIO) C  IOCIETYIOIINM
BBICYIIMBAaHWEM B TeUEHHWE 72 4YacoB IPH KOMHATHOH TeMIleparype IO IIOTHOTO
WCMIApeHNUs KOAJIECIIEHTa M OTBEPIKACHUS KOMITO3UIUH.

Ta6auna 1
XapakTepuCcTHKH KOAJIEeCHEHTOB
N 3HaueHne
CsaoiicTBa
Tekcanon OTHIICHTJINKOITh

Xumuueckas popmyria C12H2403 C2H4(OH),
MousipHast Macca, I/MOJIb; 216,4 62,068
Koadduiment ontudyeckoro npenomienus | 1,4423 1,4318
Temnepatypa Bocruiamenenusi, °C 120 111
TemnepaTypa camnBocriamenenus, °C 393 380
Temnepatypa 3amep3anusi, °C -50 -12,6
Temmeparypa kunenus, °C 254 197,3
[LioTHOCTB, T/CM° 0,95 1,11

Crenenp TUCTIEPCHOCTH THAPOGOOUNPYIOIIEH CUCTEMBI OblIa U3y4YeHa TTPH ITOMOIIN
nonspu3aponHoro mMukpockorna [IOJIAM P-312. OOGpaszen smynbcuy TOMEIIAaTN Ha
MPEAMETHOE CTEKJIO, IOCIE Yero HAaKphIBaJd €ro MOKPOBHBIM CTEKIOM. MccriemoBanu
pasmep Kamenb ruzpodoOuszaropa B CHCTEME, a TaKKe XapaKTep €ro paclpenesieHHs.
Habmronenue npoBoaniay Ipy NPOXOAALIEM CBETE.
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KpaeBoit yron cmaumBaHus, CBOOOJHYIO TOBEPXHOCTHYIO DHEPTHIO, €€
JHCIIEPCHOHHYIO M TIONISIPHYIO COCTAaBIISIOLIME ONpPEessUId NPy MOMOIIM Mpubopa s
u3MepeHus kpaeBoro yrina cmauuBanus Kruss DSA 30, ucnonb3ys B KaueCTBE TECTOBBIX
JKUJKOCTEH TUCTHIUIMPOBAHHYIO BOMY M TUHOIOMETaH.

TBepaOCTh MOKPHITHS U3MEPSIN MPH MOMOIIU MasTHHKAa KeHura Ha MOBEPXHOCTH
IJIOTHBIX OOPOCHITMKATHBIX cTeKo [1].

PE3YJIbTATHI U OBCYXXJAEHUE

[Ipu momydeHnn 3MyJIbCUH METOIOM BBICOKOCKOPOCTHOTO AMCIEPTUPOBAHHS 0CO00
3aMETHO CMEIEHHE PaBHOBECHS MPOIECCOB JC3WHTEIPUPOBAHUS M KOATYIISIIIUN YaCTHUI]
nucriepcHol  as3bl.  [lockonmbKy BBICOKHE CKOPOCTH CIABHTa TPH  KOHTAKTHOM
B3aMMOJICUCTBIHM TPUAAIOT JHCIEpCHOM (ase »HHEPTUI0 JUIS CO3JaHUS HOBOH
MOBEPXHOCTH, 3TO MOXKET MPUBOJANTH KaK K YMEHBIICHUIO Pa3MEpOB YAacTHUI] CHIIOKCAaHa,
TaK W K YyJQJIGHHIO aJICOPOIMOHHO-combBaTHOrO cnosi [IAB. Bsuay artoro
SKCTIIEPUMEHTAIILHO NoZio0paHa onTuMalibHast ckopocTh nepememuBanns 10000 o6/MuH.
IJIA TIOJIMBUHHUJIOBOT'O CIIMPTA, KOTOpAasA HE U3MCHAIACh B 3aBUCUMOCTU OT KOHICHTPpAIIuU
B IMCIIEPCHOHHOM cpene [2].

Ywmenbmienue konmeHntparuu [IBC oxumaeMo TPUBOIUT K YKPYITHEHHIO pa3Mepa
YJaCTHI[ CHJIOKCAHA B COCTaBE JUCIIEPCHU, YTO MOXKET OBITH OOYCIOBIEHO HEJOCTATKOM
MOJIEKYJI AMYJIbraTopa Julsd CO3JaHUs IOBEPXHOCTHOI'O CJIoA MHLENLI. B KoHeuHOM uTore
9TO OKaXkKEeT HEraTHBHOE BIIMSHUE HA PacCIpelle/ieHUe CHJIOKCAHOBOTO KOMIIOHEHTAa IIpU
HAHECEHHH SMYJbCHU Ha MOBEPXHOCTh, HE OOECIEYUT MOCTOSHCTBA IOBEPXHOCTHOTO
HaTSDKEHUS M INPHUBEIET K HEKOHTPOIMPYEMOMY 3aryll€HHIO, YTO MOXKET BBI3bIBAThH
Mmakpopenbed nosepxHocTH. [Ipn konnentpamuu I1BC 9 u 12 % yacTumbl OTIHYarOTCS
MOHOPa3MEPHOCTBIO M OTHOPOJHOCTBIO pacmpesereHus: ruapogodusaTopa B pacTBOpe
I[IBC (puc. 1). B cBoto ouepenp, moOaBieHHE KoajecleHTa — KaK CIHPTOBOrO, TaK U
3(HUPHOrO — HE OKa3bIBAaeT 3aMETHOTO BIMSHHMSA HA Pa3Mep YacCTHI, Y4TO TakkKe ObLIO
OTMEYEHO IPYTUMHU HcclienoBaTensamu [3-5].

r)

Puc. 1. Mukpogororpadun 3MyabCuii MOJUCUIOKCAHA C Pa3IUYHON KOHLEHTpaLuen
IIBC: a) 3 %; 6) 6 %;B) 9 %; 1) 12 %

W3 momy4eHHBIX MOJIMCUIOKCAHOBBIX 3MYJIbCHNA OBLIM CHOPMHUPOBAHBI HOKPHITHSA,
JUIs1 KOTOPBIX OBLI ONpeesieH KpaeBoil yroi B 3aBUCUMOCTH oT KoHueHTpauuu [1BC, Buna
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M KOHIIEHTpalMu KoaneciieHTa. (OTMEYEeHO, YTO MPU HCIONB30BAHUH B COCTAaBE
ruapoGoOU3UPYIOIIeH JKUAKOCTH B KA4EeCTBE KOAlECIIEHTa TEKCAHOJa MaKCHMAaJbHBIN
KpaeBoi yron cMauydBaHWs HaOmomaercs mpu ero 1 %-HO#W KOHIEHTpAlWU B dMYJILCHH
MOJINCUIIOKCaHa, PUTOTOBJICHHOW Ha ocHOBe 6 %-ro pactBopa [IBC (Tabu. 2).

Tabauna 2
KpaeBoii yros cMauyuBaHuA MOKPBHITHI THAPOGOOU3NPYIOIIMX IMYJIbCHIA

Kpaesoit yron cmaunBanus, °
Ko Komnir-s
IBC. % KOAJIECIICHTA, Texkcanoin DTUIEHTINKOIb
, /0
% Bona Juitonmeran Bona Juitonmeran
3 0 52,80 38,78 60,04 41,11
6 0 59,32 37,92 51,00 38,06
9 0 56,35 37,83 55,84 37,29
12 0 55,92 38,50 57,52 38,80
3 1 57,36 41,40 74,15 44,20
6 1 63,10 40,54 65,11 41,15
9 1 60,13 40,45 69,95 40,37
12 1 59,70 41,13 71,63 41,89
3 5 49,09 48,03 78,45 54,44
6 5 55,61 47,17 69,41 51,39
9 5 52,64 47,08 74,25 50,62
12 5 52,21 47,75 75,93 52,13
3 10 46,72 50,49 96,71 62,50
6 10 53,24 46,73 87,67 59,45
9 10 50,27 46,64 92,51 58,68
12 10 49,84 47,31 94,19 65,31

IIpu yBenmuueHMM NPOLIEHTHOI'O COAEPXKAHMA TEKCAHOJIA 3HAYEHMs KPaeBOro yria
CMAauMBaHUS  YMEHBIIAIOTCS, YTO TaKKe IOATBEPXKAAET  HELeIecooOpa3sHOCTh
WCIONB30BaHMs Tekcanona 6ombire 1 % ot obmero oovema (puc. 2a). Tekcanon, SBISACH
CIIOHBIM 3()UPOM CHHUPTA, 3HAUNTEIBHO CIOKHEE PACTBOPSETCS B BOAHOM Cpefe, YeM B
MOJIMCUIIOKCAaHOBOH (hase, BBI3bIBAS B MAJIBIX KOHLEHTpAUUAX ciadoe ClMnaHue 4acTUll U
MOCIEAyIoIee IJI0X0€ HMCIAapeHHe M3 MOKPBITUS. BBUAy 3TOro, COrinacHo AaHHBIM
N. A. Tonmauesa [6—8], mpu cMemmBaHUH ¢ THAPOGHOOHBIM SAPOM YaCTHUIIBI, TEKCAHOI, C
BBICOKOH CTENEHBbIO BEPOSITHOCTH, MOXET YAEP)KUBATHCS B MOKPBITHH, YBEIHYMBAs
rUAPOPUIBHOCTD MOIHCUIIOKCAHA.

OmHMM W3 Ba)XXHEHIIUX YCIOBUH CcoXpaHeHHs THUAPO(OOHBIX CBOICTB SBISIETCS
OJIOKMPOBaHMS TOBEPXHOCTHO-aKTHBHBIX cBoicTB [IBC mocne ¢opMupoBaHUS IUICHKH
MOKPBITHS. DTO MOXKET OBITh IOCTUTHYTO 3a cyeT mepepacnpenenenus moinekyn [IBC na
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CTaguH Teeo0pa3oBaHUs AMYJIbCHH, MOCPEACTBOM THUAPO(OOH3aLMK AUCIEPCHOHHON
cpeabl mpy 100aBIECHUN STHIICHTIUKOMS (puc. 20). DTUIEHTIUKOND TPOSBISET XOPOLIYIO

pacTBOPUMOCTb B BOJIE, HECMOTpPSI Ha TO, YTO €ro MOJIEKyJa MMEET B CBOEM COCTaBe
rupodoOHbIe GparMeHTHI.

o

o

yron cMauveatng,

yron cmauvsatus,

W\
| \ b

Kpaesoi
!
|
|
|
L. -Aig,
e
Kpaesoit
]

- 6 T — 4
[ Tekcanon 2 0 [ TexcaHon 2 0
[ STUNeHrnukons Koa”eCU,BHT o [ 3TUneHrnukons Koa”ecueur 9%

% )

a) 0)

Puc. 2. KpaeBoii yron cmaunmBaHus THAPOGOOH3UPYIOLICH SMYJIbCHHU: a) TECTOBas
JKUIKOCTh — BOAa; 0) TECTOBAsI )KUIKOCTh — TUUOIMETaH

OnucaHHOEe TMPEIIONIOKEHHE TOATBEPKIACTCS TEM, YTO TPU HCIOIH30BAHUU B
Ka4yecTBE KOAIECIICHTA TUIICHTIIUKOIIST HaOII0Iat0TCs OoJiee BRICOKHUE 3HAUYCHHS KPAcBOTO
yria CMaduBaHWsl [0 CPaBHEHUIO C TEKCAHONOM. Takke MOXHO OTMETHTh, YTO
VBENTUYEHHE KOHIIEHTpAIMM KOAJECIeHTa HalpsMyl0 BIHUSCT Ha  IOBBIIICHHUE
BIIATO3AIUTHBIX CBOMCTB MOKPBITHS (puc. 3). MakcHMallbHBIMH 3HAYCHUSMH KpPaeBOTO
yria cMmaumBaHus oOmamaroT cocTaBbl ¢ 10 %-HeIM comepaHWEM STHIIEHTIUKOIIS.
[Toxazatenu cBoitre 90 © yKas3pIBalOT HA TO, YTO MOKPHITHS ABISIOTCS THAPOGOOHBIMH [9,
10]. DT0 MOXET CBHAETENHCTBOBATH O TOM, YTO JO00AaBJEHHWE B COCTaB SMYIBCHH
STWJICHTIIUKONS B BBICOKMX MO3MpPOBKax (>8 %) MoKeT co3maBaTh JOMOTHHUTETHHBIN
MUKpopelbe( MOBEPXHOCTH, MPUIAIONIMNA MOKPBITUSAM CIA00BBIPAXKCHHYIO BHIMYFO
MaTOBOCTh. Takasi TEKCTypa MOKPBITHS MOXET ObITh B HEKOTOPOM POJIC MEpapXHUECKO,

9TO SIBIISIETCS HEOTHEMIIEMBIM YCIIOBHEM IIPH CO3JIaHWM CaMOOUYHIIAIONINXCS MAaTEPUAJIOB
¢ cyneprunpodoOHbIME XapakTepucTukamu [11].
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B) r)

Puc. 3. HaubGonpime nokaszarenu KpaeBbix yriioB cmaunBanus: a) 1 % TKC + 3 %
[IBC (tect. xuakocte — Boma); 0) 10% TKC + 3% IIBC (tect. XHUAKOCTH —
munoameran); B) 10 % O + 12 % IIBC (tect. xwuakocts — Boga); 1) 10 % OI' + 12 %
IIBC (TecT. )KUIKOCTh — TUUOIMETaH)

OTrMeruM, 4YTO TIpU MPOBEAECHUM M3MEPEHUIl IpH TNOMOIIM AuNHOIMETaHa
HabOmonatoTcst Oojee BBICOKME II0KA3aTeId KpAaeBOTO yIVIa CMadMBaHUs IOKPBITHUS
chopMHPOBAHHOTO C MOMOIIBIO THICHIJIMKOM, YeM HpH TO00aBICHUHM TEKCaHONA. JTO
TaKKe YKa3bIBAaeT Ha IIEIECOOOPAa3HOCTh €r0 HCIOIb30BAHMS IS NMPHUIAHUS 3alUTHO-
JEKOPAaTUBHBIX XapaKTEPUCTUK MaTepuasaM, a B YaCTHOCTH JUISI 3allUThl OT BO3JICHCTBUS
OpraHWYECKUX 3arps3HUTeNeH, HanpuMep rpadduTh.

Beicokne 3HadeHus: cBOOOJHOM 3HEPTUM YKa3blBalOT HAa 3HAUUTEIbHBIE CIBUIOBBIC
YCHIIUS TIPU TIPUTOTOBIICHUH (IMCIIEPTHPOBAHNUN) AMYIbCHH. VIMess M30BITOK CBOOOMHOM
9HEPruu, HaKOIUBLIEICS Ha rpaHuLe paszaena (a3, cucTeMa CTPEMUTCS €0 YMEHBLINTS 3a
CUET CIMIaHMs Ooyiee MENKUX YacTUll B Oosee KpPyIHBIE, T. €. IOCPEICTBOM IIporecca
koarymsiuuu. OtTcroma K€ MOXKHO BBIHECTH CIIEACTBHE: €CIM  JHUCIEpCUsl IpU
(OpMHPOBAaHMM  TOKPBITHSL ~ COXPAHSAET  BBICOKYIO  IIOBEPXHOCTHYIO  3HEPTHIO,
CIIEZIOBATEIbHO, OHA O00JaJaeT BBICOKOM arperaTMBHOW YCTOWYMBOCTHIO H  IUIOXOH
CITMTIAEMOCTRIO YacTHIT (KoasrecrieHmeit) [12].

Veenuuenne koHueHTpauuu I[IBC Bo Bcex ciydasix NPUBOAUT K YBEITUYECHUIO
MTOBEPXHOCTHOW SHEPTUH 3a CUET YMEHBLICHHUS pa3Mepa 4dacTHUl. Pa3MmepHOCTh yacTul,
(hopMuUpyeMBIX TIOKPBITHE, COXpaHseTcs BIUIOTH g0 10 % moOaBrmeHwWs] KoajeceHTa.
OnHaKoO CTOMT OTMETHTh, YTO IPH BBICOKMX KOHLEHTPALUSAX TEKCaHOJa CBOOOIHAS
9HEPrusl MOBEPXHOCTHU IIPpH yBenrueHUH KoHueHTpanuu [IBC pacrer He3HAUUTENBHO, YTO
MOXeT ObITh O00BscHeHo cmaboit ancopbrumeit [IBC Ha pgucmepcuoHHyIO a3y,
MIPEACTaBICHHYIO CMEChIO TEKCAHOJA U TOJIMCHIIOKcaHa (Tali. 3, puc. 4, 5a).
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[Ipu McmoONB30BaHNUN ITUIICHIIIMKOIS XapaKTep POCTa MOBEPXHOCTHOW SHEPTUU IPU
yBenuuennn KoHueHTpamuu [IBC coxpansiercs mpu Bcex Ho3upoBkax. JloOaBieHue
pacTBOPUMOTO B JUCIEPCHOHHOM Cpele, CHUXKAaeT MexdazHoe
HATSDKEHHE W YIy4llaeT CIMIAeMOCTh YaCTHUI MPAKTUYECKU B MPSIMO MPOMOPIIMOHATBHON
3aBHCUMOCTH OT KOJIM4YECTBa BBeAeHUS. B pesynbrare oOpasyercs pOBHOE CILIOUIHOE
MOKPBITHE C PACTBOPEHHBIMH YaCTHIIAMH SMYJIbCHH.

OTUICHI'TIUKOJIA,

Taoauma 3

CBo0ogHas MOBEPXHOCTHASI JHEPIrusl NOKPBITHI THAPOGOOH3UPYIOIINX IMYJILCHIH

Koni-s Konmenrpamus | CBo60HAS TOBEPXHOCTHAS YHEPrust, MJIK/M°
IIBC, % | xoanecuenta, % TexcaHom OTUJIEHTJIUKOJIb

3 0 47,48 44,02

6 0 48,09 50,16

9 0 50,86 52,28

12 0 50,93 50,91

3 1 48,93 39,43

6 1 49,54 45,57

9 1 52,31 47,70

12 1 52,39 46,32

3 5 52,72 33,19

6 5 53,32 39,33

9 5 56,10 41,45

12 5 56,17 40,08

3 10 53,82 24,84

6 10 54,43 30,98

9 10 57,20 33,10

12 10 57,27 31,73

Hu3kan NoBepXHOCTHAA 3HEDTWA

¥ron xoHTaKTa

Bricokan NoBEPXHOCTHAA IHEPIWA
R\

MNopepxHoCTE
MUNEHHM

Puc. 4. Buusgnue

MOBECPXHOCTHU

3HAYCHUA

HOBerHOCTHOﬁ OHCPruu Ha CMa4YUBACMOCTb
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TrepnoeTs ()

CeofogHan NoBEPXHOCTHANA aHepns, M/m”

_ - v
— 4
2 [ Tekcawan Kog
Koare, 0 e 12
[ Texcawon CUenT, 9 C STHNEHMKONE 10
) Q‘EHT’ %

a) 0)

Puc. 5. Iloka3aTtenm TOBEPXHOCTHBIX CBOMCTB IIOKPBITHH: a) CBOOOIHAS
MTOBEPXHOCTHASI HEPTHS; 0) TBEPAOCTH MOKPHITHI

ITokazaTemn  TBEpPIOCTH  HE3HAYUTEIHLHO  YMEHBINAIOTCS B HEOOJBIIHX
koHneHTpauax (1-4 %) obounx koanecieHTOB (Tabm. 4). DTo MOATBEpkKAAET TOT (akKT,
YTO TEKCAHOJN W DTHIICHIJIMKOIbL OKa3bIBAIOT oOllee IuiacTuduIupyromiee IelCTBHE Ha
IMYJIBCHIO, TEM CAMBIM pa3MArdasi TOTOBOE MOKPHITHE.

B ToXe Bpems mpu JajbHEWIIEM YBEIWYEHUH KOHLEHTpPAIMH KOaJeCIIEHTOB
HaOIo1aeTcs HEOAHO3HAYHOE UX BO3JIECHCTBUE HA MOKA3aTeNld TBEPAOCTH. TeKcaHOol, Kak
yXe OBUIO OTMEUEHO, BBH/Y IUIOXOTO WCHAPEHUs MPU TBEPIECHUH, YMITYAET MOKPBITHE B
KOHIIeHTparmsx Oonee 5 % (puc. 50). B pesynbraTe Takoro majeHus TBEPIOCTH MOTYT
CHIDKATBCS W  OCTaNbHBIE (PU3UKO-MEXaHWUYECKHE XapaKTEePUCTHKH, TaKWe, Kak
YCTOHYHMBOCTH K UCTHPAHUIO, CTOWKOCTh K OJIOKHPOBAHHIO U T. 1. [loBBIIIIEHNE TBEPIOCTH
IIPH yYBETMYEHWW KOHIEHTPAIMU STUICHTINKONS OOBACHSACTCS IepepacipeelIeHneM
[IBC ¢ moBepxXHOCTH TOKPHITHS B TJIYOMHHBIE CIIOM, YTO TaKkKe ITOATBEPIKIAeTCS
MIOBBIIIIEHUEM ero THAPO(OOHBIX CBOMCTB, OTMEYEHHBIM paHee.

Ta6auuna 4
TBepaocTb NOKPHITUI TUAPOGOOH3UPYIOIIUX IMYJIbCUT
Konu- Konu-s TBepaocTh
s IIBC, % | xoanecuenrta, % Tekcanoi ITHICHTINKOIb

1 2 3 4

3 0 113 113

6 0 113 113

9 0 106 106
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IIpooonsicenue mabauyot 4

1 2 3 4

12 0 105 105
3 1 109 111
6 1 109 107
9 1 104 104
12 1 103 102
3 5 111 111
6 5 106 109
9 5 102 104
12 5 105 103
3 10 108 107
6 10 108 106
9 10 103 105
12 10 102 107

3AKIIOYEHUE

1. Hns co3mammst  ruApOodOOMBHPYIONIMX AIMYyIbcud ¢ 25 %  comepkaHueM
MOJIMCHIIOKCAaHa TI0 TIOKa3aTeIsM THAPO(GOOHOCTH ¥ TBEPAOCTH MOKPBITHS Hanboee
3 PeKTUBEH STHICHTIUKOIh IO CPAaBHEHUIO C TEKCAHOJIOM BBHUJY €ro HH3KOH
CTCIICHU YACPKNBAEMOCTHU B ITIOKPBITUH.

2. BseneHue NONMMBHHWIOBOTO crupra B konmudectBe 6—8 % u stunenrmukons 8—10 %
MTO3BOJSICT JOCTHYh HAHMOOJIBIIMX KPAeBBIX YIVIOB CMadwBaHUsA ¢ Bomou (>90 ©), me
OKa3bIBasi IPH 3TOM 3HAYMTEILHOTO BIUSHISI HA TBEPAOCTh U MATOBOCTh TTOKPBITHS.

Paboma evinonnena npu ¢unancosoi noooepoicke I panma Ilpesudenma ons
Hayunoix wxon HII-2724.2018.8 u 6 pamxax peanuzayuu Ilpoepammel pazsumus
onoproeo yHusepcumema ua o6aze BI'TY um. B. I'. Illyxosa.
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STABILIZATION AND COALESCENCE OF HYDROPHOBIZING EMULSIONS
BASED ON POLYSILOXANE LIQUID

Ishchenko A. V., Baskakov P. S., Strokova V. V., Molchanov A. O.

Belgorod State Technological University named after V.G. Shukhov, Belgorod, Russia
E-mail: alina.ishchenko.92@mail.ru

The dispersion properties of emulsified polysiloxanes in the presence of nonionic
surfactants and organic cosolvents, as well as hydrophobic coatings obtained on their
basis, are studied in this research. For that purpose hydrophobizing emulsions with 25 %
polysiloxane content and various concentrations of PVA (3, 6, 9, 12 %) were prepared.
Ethyleneglycol and trimethylpentanediolisobutyrate (texanol) in the amount of 1, 5, 10 %
of the total mass were used as coalescents.

When estimating the mono-dimension, it was noted that the most homogeneous
system was obtained at a concentration of PVA of 9 and 12 %. A decrease in the content
of nonionic surfactant in the dispersion composition leads to the enlargement of the
siloxane particles, that will have a negative effect on its distribution when the emulsion is
applied to the surface. In this case, the addition of low-boiling coalescents does not have a
noticeable effect on the particle size. Analyzing the parameters of contact angle of wetting
it is noted that when using ethylene glycol as coalescent, higher values of contact angles
of wetting are observed compared to texanol. The maximum values of the wettability
index of the surface were achieved with the addition of ethylene glycol in high dosages
(> 8 %), which can be explained by the creation of an additional surface relief, which is
necessary to achieve superhydrophobic characteristics of the surface. High values of free
energy indicate significant shearing forces when preparing (dispersing) the emulsion. An
increase in the concentration of PVA in all cases leads to an increase in surface energy due
to a decrease in the particle size, while the dimension of the particles formed by the
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coating is maintained up to 10 % of the addition of texanol. The addition of coalescents
slightly affects the hardness index.

Thus, in the course of the study it was established that the increase in the

hydrophobizing properties of coatings formed from the emulsions obtained with a 25 %
polysiloxane content is achieved by introducing polyvinyl alcohol in an amount of 6-8 %
and ethylene glycol 8-10 %.

Keywords: hydrophobizing emulsion, polysiloxane, coalescents, texanol, ethylene

glycol, PVA.
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CUHTE3 U NPOITHO3UPYEMAA BUOJIOM'MYECKAA AKTUBHOCTDb
NMPOU3BOOHDbIX B-ATAHUHA

Huxkanoe B. B., l{luxanosea B. H., baeeckuit M. 10., Mapxuna C. H.

Taspuueckan akademusn (cmpykmypnoe noopazdenenue) @PrA0Y BO «Kpvimckuii ghedepanvhuiii
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CuHTE3MpOBaHBl  METWI-3-(IHANKWIAMHUHO)- WM MeTHI-3-(aIKWIaMHuHO)ponaHoatel.  Ilomydenne
MIPOM3BOJIHBIX [-ajlaHMHA OCYIIECTBILUICS B3aMMOJCHCTBHEM SKBUMOJIAPHBIX KOJIMYECTB JMIPONMIAMHUHA,
N-merun-N-nmknorexcuinamusa, 2-metokcustiiaamMuHa U N,N-auMeToKCHITHIaMHHA ¢ METHIIOBBIM 3(HPOM
aKpWIOBOM KHCIOTHL. /[l pacyera NOTEHUHAIBHON OHOJOTMYECKOH aKTMBHOCTH OblIa HCIOJb30BaHA
nporpamma PASSOnline.

Knroueswvie cnosa: -ananuH, npucoeIMHEHNE, CHHTE3, OMONIOrNYecKast akTHBHOCTh, PASS.

BBEJIEHUE

OcHOBa HOpPMaJILHOTO OOMEHA BemiecTB, OOpb0a C TUIOTTTUKEMHEH, CMSITUYCHHE
KoneOaHU YpOBHS TIIOKO3BI B KpPOBH, CO3[aHHE HWMMYHOTJIOOYITHHOB W aHTHUTEN,
VIIYYIICHUE MMaMSATH — BOT JaJIeKO HE TONHBIA CIIMCOK CBOWCTB [-ajmaHuHA. [-AJlaHUH
OTCYTCTBYET B COCTaBe OCIIKOB, OJIHAKO MPEJCTABISIET COO0H MPOMYKT MPOMEKYTOTHOTO
o0OMEHa AaMHHOKHCIOT M BXOIUT B COCTaB HEKOTOPBHIX OHONIOTHYECKH aKTHBHBIX
coemuHeHU. Tak, OMHO W3 BEIIECTB, OOHAPYKUBAIOMMXCS B KIETKAX CKEJIETHOM
MYCKYJIaTypbl, — TUIENTH KapHO3WH, KOTOPBI oOpa3yercs B peakiuu [-ajaHuHA C
TUCTHIMHOM U KaTammsupyerca (epMeHTOM KapHO3MHCHHTA30i. [nmaBHas ¢yHKOuS
KapHo3uHa ([B-amaHuH-L-rucTHANHA) — ToaAep )KaHUE KUCIOTHOT'O PaBHOBECHS, a TaKKe
3ammTa KJIeTOK HepBHOM cucTeMbl. KapHO3WH 3aIiiaer KIeTKA OT CTApEHUS U SBIIAETCS
MOIITHBIM aHTHOKCHAAHTOM. [loxoxee BelecTBO OOHAPYKEHO B KIETKAX MYCKYyJIaTyphl —
ato aHcepuH ([B-amanmH-N-merun-L-ructuanH). AHCEpHH TOMIEPKUBAET YIIIEBOIHO-
(hocdhopHBIH U OKHCIUTEIBHBIA OOMEH MBI, KPOME TOT'0, 3AIMUINAET KICTKH MBIIII] OT
W3MEHEHM, HACTYMAIuX Npy crapeHnnu TKaHu. OcTaTok [-aJaHWHA BXOTUT B COCTaB
BUTamMHHa BS5, sSBISIOMIErocss CTPYKTYPHBIM KOMITOHEHTOM KodepMmeHTa A. [-AnaHuH
WCTIIONB3YIOT JUIA TPHUTOTOBICHUS Oy(pepoB ¥ CHHTE3a OHOJOTMYECKH AaKTHUBHBIX
MENTHIOB, TIOSTOMY CHHTE3 HOBBIX IPOM3BONHBIX [3-alaHWHA SBISETCS AaKTyaJTbHOMH
3aaaueil.
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MATEPHUAJIBI U METO/IbI

Crektpsl "H-SIMP mnonydensl Ha mpubope Varian VXR-400, (MHCTHTYT >KHMBBIX
cuctreM  Cesepo-KaBkasckoro  ¢dexepanpHOoro  yHuBepcutera,  r. CTaBpoIoib).
BuyTpenHuit craHmapT — TeTpaMeTWICWIAH, XHWMHYECKHE CABHTH B O-IIKaje.
HK-cniekTpbl m1s sxuakux o0pasioB cHATel Ha WMK-®ypwe-ciiekrpodoromerpe ®CM-
2202 «udpacmex».

st mporHo3a CHEeKTPOB OMOJIOTMYECKON aKTUBHOCTH MOTYYEHHBIX COCJWHEHUH MO
WX CTPYKTYpHbIM (Qopmynam Obi1  ucnonb3oBaH BeO-pecypc PASSOnline [1],
o0ecrieunBaONMil npenckasanue Ooiee 4 ThICSIY BHUIOB OHOJOTMYECKOH AKTUBHOCTH,
BKutOUas okojio 500 dapmakonoruueckux 3(dekron, Oonee 3 THICIY BHUIOB MEXaHU3MOB
nevictBus, 116 B3aumoaelcTBHi ¢ QepMEHTaMH METabolu3Ma, CO CpPeAHEH TOYHOCTHIO
Boitlie 95 %. JlaHHBIA MPOTHO3 MIMPOKO HCIONB3yeTCS IS pacdera IMOTCHIIMAIbHON
OMOJIOrMYeCKOW aKTUBHOCTH, Harpumep B padorax [3, 4].

.
01
A O 50,

|
- INH j\ A/[Ok

o—
=)

Puc. 1. Cxema cuHTE3a MPOM3BOAHBIX 3-alaHUHA

Cunre3 merui-3-aunponumiamuHonponuonata (1). B TpexropHyio KpyriogoHHYO
konOy Ha 150 mu1, cHaOXeHHYI0 0OpaTHBIM XOJOAWIBHUKOM M TEPMOMETPOM, 3arpyskajiu
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10,81 r (13,6 mur; 0,1 mons) aunpornmnamuna u 8,69 r (9,14 mu; 0,101 Mosst) METUIOBOTO
a¢upa akpuioBod KuCIOThl. CMech HarpeBaiu A0 KUNeHHS W kunsatwiud 10 yacoB c
00paTHBIM XONOMWIBHUKOM. [locie OXJaJIeHUs PEakKIMOHHYI) CMECh IEPETOHSUIA B
Bakyyme. Boixon 68 %; Tiun=90-95°C nipn 28 mm pr. ct., N3’ =1,4254.

UK-crextp (v, em™): 1196 (C-H), 1400 (C—N), 1743 (C=0), 2957 (Csp*-H).

Cuntes merun-3-(N-merun-N-riukinorekcun)aMutonponuonara (2). B Tpexropiyio
KpYIJOJOHHYI0 KonOy Ha 150 M, cHaOXeHHYI0 OOpaTHBIM XOJOJAMJIBHUKOM U
TepMoMeTpoM, 3arpyxanu 11,32 1 (13,16 mur; 0,1 moinst) N-merun-N-IHKIOrekcuinaMuaa u
8,69 r (9,14 mu; 0,101 momnst) MeTuiioBoro 3dupa akpriioBoi kuciaotel. CMeCh Harpepayin
0 KumeHus u kunsatuan 10 gacoB ¢ oOpaTHBRIM XonoauiabHUKOM. [locie oximaxkaeHus
PEAKIMOHHYID CMECh IeperoHsuii B Bakyyme. Boixom 63%; Twn=127-132°C mnpu
10 mm pr. ct., N = 1,4660.

UK-crextp (v, em™): 1400 (C-N), 1171 (C—H), 3000 (Cspz-H), 1739 (C=0).

3) CuHte3 MeTHJI-3-(2-MeTOoKCHITHI)aMuHONponuoHata (3). B Tpexropiyio
KpYIJOJOHHYI0 KonOy Ha 150 wmi, cHaOXeHHYIO OOpaTHBIM XOJOAWIBHUKOM |
TepMomerpoM, 3arpyxamu 7,51 T (8,69 mm; 0,1 mons) 2-merokcudTminamuHa U 8,69 T
(9,14 mm; 0,101 momst) MeTHIIOBOTO 3(hHpa aKPHIOBOM KHCAOTHL. CMech HarpeBajd [0
KumeHuss W kunsaTwid 10 yacoB ¢ 0OpaTHBIM XOJNOAMIBHUKOM. [locie oxiakaeHus
PEAKUMOHHYIO CMECh NIEPErOHSIN B Bakyyme. Beixox 62 %; Tin= 135°C, n2° = 1,4350.

'H-AMP (DMSO-ds): 2,42 (2H, T, -CO-CH>-CH>-); 2,61 (2H, 1, -CH,~CH,—
OCHys); 2,72 (2H, 1, -CO-CH>—CH>-); 3,21 (3H, ¢, -CH>-CH>-OCHa); 3,33 (2H, T,
—CH>-CH>-OCHz); 3,57 (3H, ¢, CHz>-CO-).

4) Cunrtes MeTwia-3-au(2-MeToKCcHITHI)aMuHONponuonara (4). B Tpexropiyio
KpYTIONOHHYIO Kom0y Ha 150 M, CcHaOXEHHYIO OOpaTHBIM XOJOMMIBHUKOM H
tepmometpom, 3arpyxamm 13,32 r (14,77 mur; 0,1 momnsa) N,N-amMmerokcudTHIAMUHA U
8,69 r (9,14 mu; 0,101 momnst) MeTuiioBoro 3dupa akpuiaioBoi kuciaorel. CMech HarpeBaiu
no kureHus W kumatwd 10 gacoB ¢ oOpaTHeIM XonoAwiabHUKOM. [locie oxmakaeHus
PEAKIMOHHYIO CMECh MIEPErOHSIHN B BakyyMe. Boxos 73 %; Tin= 170°C, n2° = 1,4407.

'H-IMP (DMSO-dg): 2,38 (2H, 1, -CO-CHp,-CHz-); 2,58 (4H, 1, ~CH>-CHy-
OCHz); 2,74 (2H, 1, -CO-CH—CH>-); 3,21 (6H, ¢, -CH>-CH>-OCHz); 3,33 (4H, T,
—CH2-CH2-OCHa); 3,57 (6H, ¢, CHz-CO-).

PE3YJIbTATBI U OBCYKJIEHHUE

IIpucoennnenue MeTHJIaKpuIaTa K JUITPONUIIAMUHY, N-merun-N-
LUKJIOTeKCHIIAMUHY, 2-MeTOKCHITHIaMUHY U N,N-IMMETOKCHATHIAMUHY MPOBOAMIN IO
Meroauke [5]. Beimenenne M OYMCTKA TOMYYEHHBIX MPOAYKTOB OCYILECTBIIUINCH
BaKyyMHOH II€pErOHKOM.

[Ipucoennnenust MeTuiakpuiaTa K AWU3ONPONMIAMHHY B TaKUX YCIOBHSIX HE
npoucxoanio. [loneITku mpoBeneHus CUHTE3a B TeUeHUE Oonee IMTEIbHOTO BPEMEHH U
¢ M00aBKOW B KauecTBE KHCIOTHOTO KaTalu3aTopa YKCyCHOM KUCIOTH B kKomnyectBe 0,01
unu 0,001 Mons Takke HE Jalld 0KUJAEMOr0 PE3yNbTaTa.
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CTpyKTypy NONYyYEHHBIX NPOU3BOIHBIX [-ajaHUHA IMOATBEPXKIAIN C MOMOLIBIO
METOI0B UK- " lH-}IMP-cr[eKTpOCKOHI/H/L B UK-cnektpe METHII-3-
JUMPONMIIAMHHOIIPOIIMOHATA HAOIIOIAI0TCS MOJIOCH! BaJleHTHBIX Kosebanuii C—N cBs3u B
obmactu 1400 cm™, BaneHTHBIX KoneGaHumii TpocThix cBsseit C—H cBsasum B obmactu
2960 cm™, a Takke KonebaHus BaEHTHBIX KOMeOaHu# CIOKHEIX 2bupos 1743 em™.

B UK-cnektpe Mmetuii-3-(N-mMeTri-N-1HKI0reKCHi )aMHUHOIIPOITHOHATA
HAOJIOAAI0TCSI TTOJIOCH! TIOTJIONIEHHS BaJleHTHBIX Konebanuit C—N cBsi3u B obmactu 1400
cM, BalleHTHBIX KonebaHmii anmudarnuecknx amMuHoB ¢ 1171 1o 1199 cm™?, BameHTHBIX
xonebanuii ammdarnuecknx cpsaseii C—H cpsasu B obmactn 2800-3000 cM™, BaneHTHBIX
KoneGaHuii CI0KHBIX 2(HupoB B 0bmacTi 1739 cm™,

B 'H-AMP cnektpe MeTun-3-(2-MeTOKCHAITHI)aMUHONPOITHOHATA HAGIIOAAI0TCS
XapaKTePUCTUYECKHE CUTHAJBI TPEX MPOTOHOB METHUIIBHOM TPYIIIBI CIOKHOI(UPHOH
TPYONbl C XUMHYECKHUM CABUTOM 3,57 M. [, JBYX TPHUIUIETOB YETHIPEX IPOTOHOB
METHJIEHOBBIX TPYII MPOMaHOBOM KHCIOTHI C XUMHYECKUM caBuroM 2,42 u 2,72 m. 1.,
CHHIJIET TpeX TPOTOHOB METHILHOW TpPYNIbl METOKCHATHILHOTO (parmMeHTa ¢
XUMHYECKUM cIBUTOM 3,21 M. A. M JIBYX TPHUILJIETOB YETHIPEX NMPOTOHOB METHJIEHOBBIX
TPYIIT METOKCUATHIIBHOTO ()parMeHTa ¢ XUMHYecKuM caurom 2,61 u 3,33 m. .

B 'H-SIMP cnekrpe merni-3-au(2-MeTOKCHITHI)aMHHONIPOHOHATA HAGIIONAIOTCS
XapaKTePUCTUYECKHE CUTHAJBI TPEX IMPOTOHOB METHIIBHOM TPYIIILI CIOKHOI(DUPHOH
rpynnbl € XUMHUYECKUM CIABUTIOM 3,57 M. O., ABYX TPHUILIECTOB YCTBIPEX IIPOTOHOB
METHJIEHOBBIX TPYII MPOMaHOBOM KHCIOTHI C XUMHYECKUM caBuroM 2,38 u 2,74 m. 1.,
CHHIJICT MIECCTH TMTPOTOHOB METUIIBHBIX TPYIIII METOKCUITHUIBHOI'O (bparMeHTa C
XUMHUYECKUM CIABUI'OM 3,21 M. I. 1 ABYX TPUILUICTOB BOCHBMH IPOTOHOB METUJICHOBBIX
TPYII METOKCHATIIIBHOTO (hparMeHTa ¢ XUMUIeCKiM caBuroMm 2,58 u 3,33 m. 1.

Pacdaernoe 3HAYCHUE MIPOrPaMMBI PASSOnline TUTS MeTHII-3-
TUTpoNUiIaMIHONponoHaTa (1) BRISIBHIIO CIETyIOIINE BO3MOXKHBIE BUABI aKTHBHOCTH!
«aHaJICITUYECKass» C BEPOSTHOCTHIO 59 %, «HUOPHUHOIUTHYECKAS» C BEPOSTHOCTHIO
78 %, «ieueHune HOOMUIECKUX PACCTPONCTBY C BEPOSTHOCTBIO 89 %, «iIcueHHE MYKO3UTa»
¢ BepoaTHOCTBIO 79 %, «poruBOCcebopeiiHoe aelicTBre» ¢ BeposTHOCTBIO 80 %, «olmiee
AHECTETHYECKOE ACHCTBHE» C BEPOSITHOCTHIO 68 %0.

st merni-3-(N-merwn-N-IHKI0reKCrl)aMIHOIIPOITHOHATA (2) pacueTHOe 3HAUEHHE
nporpammel  PASSOnline BBIABHIIO cleAyrOmue BO3MOXKHBIE BHIbI AKTHBHOCTH —
«aHTUHEBPOTHYECKAS» C BEPOATHOCTHIO 58 %, «MHTHOUTOpP OBYISIIUN» C BEPOATHOCTHIO
64 %, «ieuenne GoOUIECKUX PACCTPOUCTBY C BEPOSTHOCTHIO 91 %, «ieueHne MyKO3uTa
C BEPOSITHOCTHIO 56 %, «CTUMYIISTOP arperaii TPOMOOITUTOBY € BEpOATHOCTHIO 53 %.

st merunn-3-(2-MeTOKCHATHII )aMUHONIponioHaTa  (3)  pacuerHoe  3HAYEHHE
mporpammel  PASSOnline BBIABIIIO crenyromyue BO3MOXHBIE BHUABI aKTHBHOCTH —
«aHTUHEBPOTHYECKAsS» C BEPOATHOCTEIO 65 %, «aHTHAHTHHAIBHAS» C BEPOATHOCTHIO
59 %, «CTHUMYJISTOp JIEHKOI033a» € BeposATHOCTbIO 60 %, «ieuenne ¢odUIecKux
paccTpoicTB» C BEpOATHOCTBIO 93 %, «IeueHHne MYKO3MTa» C BEpOSTHOCTHIO 79 %,
«JIeYeHUE TPEIPAKOBBIX COCTOSIHMI» € BepOsATHOCTBIO 70 %, «oOIee aHecTeTHYECcKoe
NECTBHE» C BEPOSITHOCTHIO 53 %, «perymarop Meraboan3Ma JMITHAOBY» C BEPOSTHOCTHIO
61 %, nepudepuyeckoe 1 KOPOHAPHOE COCYAOPACIIUPSIOLIEE ACHCTBHE C BEPOSITHOCTHIO
68 1 65 % COOTBETCBEHHO.
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Tabamnna 2
OneHka 0HOJI0THYeCKOi AKTHBHOCTH, paccuuTanHas no nporpamme PASS Online

BemectBo Pa Pi AKTHBHOCTEL
0,895 0,006 Phobic disorders treatment

o 0,798 0,02 Antiseborrheic
\—\ Vk 0,786 0,015 Mucositis treatment
(0]

N 0,755 0,005 Preneoplastic conditions treatment
/J | 0,680 0,008 Anesthetic general
0,696 0,024 Fibrinolytic

0,677 0,008 Platelet aggregation stimulant
0,616 0,019 Oxygen scavenger

0,585 0,004 Oxidizing agent

0,594 0,020 Analeptic

(0} 0,913 0,004 Phobic disorders treatment
~ 0,643 0,010 Ovulation inhibitor
N 0 0,580 0,079 Antineurotic
| 0,558 0,056 Mucositis treatment
0,515 0,016 Leukopoiesis inhibitor)
0,533 0,052 Platelet aggregation stimulant
0,925 0,004 Phobic disorders treatment
| 0,794 0,014 Mucositis treatment
0 0,699 0,009 Preneoplastic conditions treatment
(0] 0,682 0,011 Vasodilator, peripheral
1 le 0,649 0,010 Vasodilator, coronary
N O | 0,625 0,018 Antianginal
H | 0,651 0,055 Antineurotic

0,612 0,020 Lipid metabolism regulator
0,603 0,018 Leukopoiesis stimulant

0,597 0,026 Platelet aggregation stimulant
0,529 0,018 Anesthetic general

0,915 0,004 Phobic disorders treatment
0,825 0,014 Antiseborrheic

0,782 0,005 Anesthetic general

|
(0]
(0}
I A/M 0,679 0,010 Antihypoxic
N (0]

0,684 0,027 Mucositis treatment

| 0,703 0,005 Platelet aggregation stimulant
0,706 0,009 Vasodilator, peripheral
fo) 0,707 0,010 Lipid metabolism regulator
- 0,694 0,009 Preneoplastic conditions treatment

0,653 0,010 Vasodilator, coronary

Hus  mernn-3-mu(2-MEeTOKCUATHI ) aMHHONIpONToHaTa (4) pacdeTHOEe 3HAYEHHUE
nporpaMmMbl  PASSOnline BbIIBHIIO CleAyIOIIHE BO3MOXKHBIE BHIBl aKTHBHOCTH:
«aHTHCEOOppEliHasT» C BEPOSITHOCThIO 83 %, «aHTUTHOMKCHYECKAs» C BEPOATHOCTHIO
68 %, «oOlree aHecTeTHUECKOE NIEHCTBUE» C BEPOATHOCTEIO 78 %, «ieueHne poomaeckux
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PacCTpOWCTB» € BEPOSTHOCTBIO 92 %, «iIeueHHEe MYyKO3HWTa» C BEPOATHOCThIO 68 %0,
«JIeYeHUE TPENPaKOBBIX COCTOSHUI» C BEPOSTHOCTBIO 69 %, «perynsTop merabonn3Ma
JUIHIO0BY C BeposATHOCTBIO 71 %, mepudepryeckoe 1 KOpOHAPHOE COCYAOpaCIIHPSIOIIEe
JeiicTBHE C BEpOSTHOCTHIO 71 1 65 % COOTBETCBEHHO.

Hns MeTHII-3-(2-MeTOKCHATHII )aMHUHOIIPOITHOHATA u MeThi-3-1u(2-
METOKCHITHII)aMHHOIIPONIMOHATa TPOTHO3UPYIOTCS Tepudepuyeckoe W KOpOHApHOE
cocyaopacHmpsironiee AeHCTBUE U ACHCTBHE KaK PEryIsATOpOB MeTabomu3ma JUIMUI0B. A
TUIS METHJI-3-AUNPOITUIAMHUHOIIPOITMOHATA u MeTwi-3-au(2-
METOKCHITHII)aMHHOIIPONIMOHATA — AaHTUCEOOPpEHHAs U aHTUTUONTKCUYECKAs! aKTUBHOCTb.
JList Bcex TOMYYEHHBIX COSIUHEHUN MPOTHO3UPYETCST BBICOKAS BEPOSTHOCTH MPOSIBICHHUS
TaKMX CBOWCTB, KaK CTUMYJIALMS arperamyuyd TPOMOOLMTOB M JieueHHe (HOOMUYECKUX
paccTpoNCTB U MYKO3HUTa, & TAKXKE MPEAPAKOBBIX COCTOSHUH.

3AKIIOYEHUE
1. CuHTe3MpOBaHbI U UASHTU(OUIIUPOBAHBI METHII-3-AUITPONAIAMUHOIIPOIMOHAT, METHII-
3-(N-meTua-N-1MKI0reKCHI )JaMUHOIIPOITHOHAT, MeTHI-3-(2-METOKCUATHIT)aMUHO-
MPOIMHOHAT ¥ METHJI-3-11(2-METOKCHATHII ) aMUHOIIPOITHOHAT.
2. Tlposenen IIPOTHO3UPYEMBII1 CKpUHUHT OMOTOT MY ECKOI AKTUBHOCTH

CHHTE3MPOBAaHHBIX COSMHEHUH C UCIONIb30BaHUeM HHTepHeT-cepBrca PASSOnline.
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SYNTHESIS AND FORECASTING BIOLOGICAL ACTIVITY DERIVATIVES
OF B-ALANINE

Tsikalov V. V., Tsikalova V. N., Baevsky M. Y., Markina S. I.

V. I. Vernadsky Crimean Federal University, Simferopol, Crimea, Russian Federation
E-mail: ts_v_v@mail.ru

B-Alanine derivatives were synthesized and identified. B-Alanine is necessary for
normal metabolism, hypoglycemia, for mitigation of blood glucose levels fluctuations, the
immunoglobulins and antibodies formation, memory improvement. The residue of
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B-alanine is a part of biologically active substances (vitamin B5, carnosine and anserine),
and B-alanine is used to form buffers and synthesis of biologically active peptides.
Carnosine protects our cells from aging and is a powerful antioxidant. Anserin supports
the carbohydrate-phosphorus metabolism, and oxidative muscle, also protects the muscle
cells from the changes associated with aging tissue. The accession of methyl acrylate to
dipropylamine, N-methyl-N-cyclohexylamine, 2-methoxyethylamine and
N,N-dimethoxyethylamine carried out by boiling them in equimolar amounts in 10 hours.
Cleaning of the formed products was carried out by vacuum distillation. The structure of
the obtained compounds was confirmed by IR- and *H-NMR spectroscopy. The predicted
screening of biological activity of synthesized compounds using the Internet service
PASSOnline was carried out. For methyl-3-(2-methoxyethyl)aminopropionate and
methyl-3-di(2-methoxyethyl)aminopropionate, the peripheral and coronary vasodilator
action and the action as lipid metabolism regulators are predicted. And for methyl-3-
dipropylaminopropionate and methyl-3-di(2-methoxyethyl)aminopropionate antiseborrhea
and antihypoxic activity. Stimulation of platelet aggregation and use in the treatment of
phobic disorders and mucositis, as well as preneoplastic conditions, revealed for all the
compounds.
Keywords: p-alanine, addition, synthesis, biological activity, PASS.
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NOTEHUWAJIbHAA ®YHKUUA BHYTPEHHEIO BPALLEHUA
B MOJIEKYJNE A3OTHOW KUCNOTbI

Hleiix-3a0e M.-H.

I'EOYBO PK «KpvimcKuil unsicenepHo-neodazo2uueckuii ynusepcumemy, Cumgpeponony,
Pecnyonuka Kpvim, Poccusn
E-mail: tospcrimea@gmail.com

Paccuntan mnpuBENEHHBIH MOMEHT WHEpIHMH |y MOJIEKYNIBI a30THOM KHCIOTHI C TIPHUBJICYEHHEM
TE€OMETPHYECKIX IapaMeTpoB 5TOi Moiekynbl. C HCIONB30BaHWEM MOJENH ITOTY)KECTKOH MOJEKYIIBI,
3HaueHnst lyp m wacrorsl T(OH) TopcmonnHoro mepexoma 0—1 paccunraHa IOTEHIMANBHAS (GYHKITUSL
BHyTpeHHero Bpawenns V(o) =0,5-V, - (1—C0S2¢) MOneKyibl a30THOH KHCIOTBI U3 PEILCHHs YpaBHEHNS

Marbe u u3 pelIeHrsl OAHOMEPHOIr0 YpaBHEHUS HJpe)erepa JUIA BHYTPEHHEIr 0 BpallleHUsI ¢ NPHUMCHCHUEM
KBaHTOBO-MEXaHUYECKON TEOpUU BO3My[HCHI/If;I.
Knrouesvie cnosa: azorHast KHCJI0Ta, BHYTPEHHEE BpalllCHUE, TIOTCHIUAJIbHAsA (byHKLH/Iﬂ.

BBEJIEHUE

IToBOpOT O7HOM YacTH MOJIEKYJIbl OTHOCUTENIBHO JPYrOM 4acTH BOKPYTI XHUMHYECKOU
CBS3M MEXKIy HHMH B OONBIIMHCTBE CIIy4aeB COMPOBOXKIAETCS HW3MEHEHUEM
MMOTEHIIMAIBHON SHEPTUH MOJEKYJbl. 3aBUCUMOCTh NMOTEHIIMATBHON YHEPTHH MOJEKYJIIBI
OT yIJla o TOBOPOTa OJHOW HYacTH MOJIEKYJBl OTHOCHUTEIHHO IPYrod MOXKHO OIHUCAThH
HeKoTOpoi ¢yHknuerd V(a), KOTOPYIO OOBIYHO HAa3bIBAIOT IMOTCHIIHANBHOM (DyHKIHEH
BHyTpeHHero BpamieHus (II®BB). 3nauenme IIOBB mo3Bosiser MmMomxyduTh NaHHBIE 00
YCTOHYHBOCTH KOH(OPMEPOB MOIIEKYN, 00 PHEPTHH BHYTPUMOJIEKYISIPHOW BOIOPOIHOM
CBSI3M, O BIMSHHM JJIGKTPOHHBIX 3(PdekToB 3amectutenelt Ha mapamerpel [IOBB, o
BIUSHUM BHYTPEHHETO BpAIICHUS HA JWUIIONbHBIE MOMEHTHI MOJIEKYJI U TOMY IOJO0OHOE
[1].

CymecTByroT pa3nudHbie Meroasl HaxoxaeHus [IOBB. B nactosmieii padore ams
9TOW TeNu Hcronb30BaHbl AanHble K-crekTpockonmu. B xaduecTBe oObekTa M3ydeHHs
BBIOpaHa a30THAs KHCIIOTA, MOJEKYITy KOTOPOH MOXXKHO pacCMaTpuBaTh KaK TUIOCKHIA
Bordok (OH-rpymma), coenuHeHHBIH ¢ TWIOCKUM ocToBoM (NO-rpymma). Monekyna B
IIEJIOM SIBJISICTCS TTOCKOM [2].

Lenbto maHHOM pabOTHI ABISUIIOCH ycTaHOBNeHHE Buaa [IOBB B monekynax azorHon
KHCTIOTHI.

MATEPHAJIBI U METO/bI

Omnpenenenne [IO®BB npoBoaunock IByMsi METOAAMU: C UCIOJIb30BAHUEM PELICHUS
ypaBHEeHUsT MaThe U pelieHusi oJHoMepHoro ypaBHenus lllpenuHrepa ans BHyTpeHHETro
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BpallleHHsl ¢ IPUMEHEHHEM TEOpUU BOo3MyILeHHuH. /Iy pacuera MpUBEISHHOTO MOMEHTA
nHEepUHH |y, UCTIONB30BATUCh TEOMETPUUECKHE MapaMeTphl MOJEKYN a30THOH KHCIOTEHI,
MoJy4eHHbIe B [2, 3] MUKPOBOTHOBBIM METOIOM. [ eoMeTpusi MOJIEKYS a30THOM KHCIOTHI
npuBeneHa Takke B [4]. 3nauenue uactoThl T(OH) TopcuonHoro mepexoma 0—1 B
MOJIEKYJIaX a30THOM KUCIIOTHI OBLIO MONy4eHo B [5, 6] Mmerogom UK-cnekrpockomnuu. s
pac4eToB HCIOJIb30BaHbI JaHHbIC PadoTHI [S].

PE3YJIBTATHI U OBCYXJIEHUE

Ecnu x MonekysnaM a30THOW KHMCJIOTBI IIPUMEHUTH MOJENb ITONYXECTKOH MOJIEKYJIbI,
KOrJa MOJEKyla COCTOUT M3 JKECTKOIO BOJYKA, COBEPLIAIOLIETO 3aTOPMOXKEHHOE
BHYTpEHHEE BpallleHHe (TOpPCHOHHBIE KOJIeOaHUs]) OTHOCHTEIBHO JKECTKOrO OCTOBa, TO
[I®BB V(o) Oynmer Tombko (yHKOMEH yria o U OJHOMEPHOE BOJHOBOE YpaBHEHHE
HlpeauHrepa it BHYTPEHHEr O BpallleHHus OyIeT UMEeTh BH/I:

F 4 e V@) pi@) -0, @
de

rne F=h%(2:l,,), E-momHas »Heprus TOPCHOHHBIX KosieGaumii. B ypaBmemmm (1)
mpeamnonaraercs, 4ro Iy, He 3aBucHT OT o. 3HayeHue I, OblI0 paccunTano mo popmynam,
MpUBENEHHBIM B [7], C HCIIOIB30BAaHMEM T'€OMETPHUH MOJIEKYJ a30THOM KHCIOTHI W3
pa6otsl [3] m oxasamoch paBHbM 0,8108 aem-(A)% Ilpu mocnexylommx pacderax
MPEATONIAralioch TAKXKe, YTO TOPCHOHHBIE KOJeOaHWsI HE B3aWMOJICUCTBYIOT C JPYTUMH
KOJIEOAHUSIMH U YTO 3HaYeHHs F OMHAKOBBI 7151 TOPCHOHHBIX ypoBHEH ¢ v=0 u v=1, rae
V —TOPCHOHHOE KBAaHTOBOE YHCJIO.

V(o) sBhseTcs Tmepuoamveckod (QyHKIUEH yriaa o, modToMy V(o) MOXHO
npeacTaBuTh B Buae psga Pypee. Ecnm morpeboBath, 4TOOBI BBITIOMHSIIOCH YCIOBHE
V(0)=0, 1. e. Hagayi0 oTCYETa 00 BECTH OT MHHMMYyMa KpuBodh V(0) ¥ y9ecTh, YTO OCTOB
(NOz-rpymma) obmamaer oceio cummerpun Broporo mopsimka Cz, 1o V(o) MOXKHO
MIPEJICTaBUTH B BHJIE:

V(a)= kil %-VZk -(1—cos 2ker) - )

OOprYHO ymaercs MONYyYWUTh TONbKO dYacToTy T(OH) TopcmonHOro KONEOaHus,
cootBercTByromero nepexony v=0 — v=I. [Toatomy B (2) ymaercsi onpenenuTb TOIbKO
TIEPBBIN WiIEH, T. €. B 3TOM ciiy4dae V(o) UMeeT BHI:

V(a) =%-V2 -(1-c0s2¢a) . 3

E V.
[MoncranoBkoir 2X =2+ 7, b = = S = Fz ypaBHenue (1) ¢ TI®BB (3) moxHO

MIPUBECTH K ypaBHEHHIO MaTbe

d?y(x
dL(z)jt(b—s-cos2 X)-y(x)=0,
X
peIlieHHusT KOTOPOro W3BECTHHI W TaOyiupoBaHbl, HampuMmep B [8]. C ucmonp3oBaHueM
3aauenus 4dactotel T(OH) Ttopcmonnoro mepexoma 0—1 u3 [5] m Tabmuuer [8] ObuTO

paccunTaHo 3HaueHue V, KOTOpPOe OKasanoch paBHEIM 2743 cm™. Tlo >TuM maHHEIM
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nonydeHa [IOBB B Monekynax a30THOH KHCIOTHI, Tpadvk KOTOPOH MmpHBeAeH Ha puc. 1.
Ha »>TOM puCcyHKE IOKa3aHbl TaKKE PACCUUTAHHBIC 3HAUCHUS TOPCUOHHBIX YPABHEHUM
sneprun Eq=233,4 em?, E1=689,2 cm™.

V(w),em™

3000

2000 4

1000 A

7 a’: paﬂ

S
ST

Puc. 1. TlorenumanbHass GyHKIUS BHYTPEHHETO BpAlleHUs B MOJEKYJaX a30THOM
KHCJIOTBI

3navenne V, Mpy OTHOCUTEIHHO BHICOKHX Oaphepax BHYTPEHHETO BPAIICHHS MOKHO
TIOJIYIHUTh B IpyruM MeTogoM. Y paBHerue (1) ¢ II®BB (3) MokHO TIPUBECTH K BULY:

M(za)-l-(b—S'Sinza)'l/l(a):O-
da

Paznoxum Sinz(l B psAd IO 00 U COXpaHUM B Pa3jIOKECHHUU YJICHBI 0 0,6 BKJIFOYHUTCIIBHO.

Toraa nomyuum:
2 4 6
TV s - %+ 22N p@=0. @
da 3 45
VYpaBHeHne (4) MOXHO pEIMIUTh, NPUMEHHUB KBAaHTOBOMEXAaHUYECKYIO TEOPHIO
Bo3Mymenuil. Toraa ¢ y4eToM BTOPOTO MOPSAIKA TEOPHH BO3MYIIEHHH s o ¥ MepBOro
nopagka 1 of Tomydaorcss (GOPMYIEl U TOPCHOHHBEIX YpOBHEH JHEPTHH,
npuBeneHusie B [9]. Ucmomeszyst st ¢dopmynst u 3Hauenns t(OH) m F, moxHO
orpenenuth 3HaueHHe V. [lomydeHHOoe TakuM MeTomoM 3HadeHHWe V> Ui MOJEKYI
A30THOM KHCIIOTBl OKa3ajloCh paBHBIM 2742 cm?, uro coBmamaer co 3HaueHHeM Va,
HalJICHHBIM U3 PELICHUs YpaBHEeHUs MaThbe.

[lomyuenHoe 3HadeHue s V2 HECKOMBKO OTIMYAETCS OT 3HaudeHWs V>=2432 oM,
HalizleHHOro B [6] I a30THOM KMCJIOTHI, HO ONHM3KO K 3HadeHHI0 Vo=2618 cm™ misa
JNEUTepUpPOBAHHON IO THAPOKCHITY a30THOW KHUCIOTHI [6]. MeHpmee 3HadeHue V> B
O:N-OH mno cpaBHenuto ¢ O,N-OD aBtopbl paboThl [6] OOBACHSIOT OONBITUM
B3aumozerictsueM T(OH) ¢ apyrumu konebanusimu B mosekyie O2N—-OH. [lo-Buaumomy,
9THUM K€ MOXKHO OOBSICHUTH MeHbIIee 3HaueHne Vo mis O.N-OH B [6] 1o cpaBHEHHIO CO
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3HayeHueM Vo B JaHHOH paboTe, eciau y4ecTb Te UCXOAHbIE AOMYIICHHsI, KOTOpbIe ObLIH
NIPUHATHL JUI PACYETHOM MOZENU MOJIEKYJbl. JIpyroil BO3MOXHOW IPUYMHOM OTINYUS
3Ha4yeHus1 V2 B JaHHOW pabore u B [6] MOXeT OBITh HCHONB30BaHHE WHOW METOJHKH
ornpeneneuus Vz B [6].

3AK/IIOYEHUE

=

PaccunTan npuBeneHHbI MOMEHT UHEPIHH |y, MONIEKYTT a30THOM KHCIIOTHI.
2. C wucnonb3oBanueMm 3HavyeHus |y, u yvacrorel T(OH) TopcuonHoro mepexoma 0—1
onpezeneHa [IOBB B Moniekynax a30THOM KUCIIOTHI.
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POTENTIAL FUNCTION OF INTERNAL ROTATION IN NITRIC ACID
MOLECULE

Sheikh-Zade M.-I.

Crimean Engineering and Pedagogical University, Simferopol, Russia
E-mail: tospcrimea@gmail.com

The reduced moment of inertia I, of nitric acid molecule with the geometrical
parameters of these molecule is calculated. During the calculating the potential function of
internal rotation a model of a semirigid molecule where the rigid top rotates relative to the
rigid core was used. It was also assumed that torsional vibrations do not interact with other
vibrations and that the values F=h%(2-1,) are the same for torsion levels with v=0 and v=1,
were v is the torsional quantum number. Using the values of the reduced moment of
inertial 1; and the torsional transition frequency 0—1, the potential function of internal
rotation V(a)=0,5-V2-(1-cos2a) of nitric acid molecules was calculated by two methods:
using the solution of the Mathieu equation and using the solution of the one-dimensional
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Schrodinger equation for internal rotation using quantum-mechanical perturbation theory.
Both methods lead to the same value for V..
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CNOCOB BbIAENEHUA MNMABHbIX TPUTEPMNMEHOBbBLIX MNMUKO3NO0B
13 JINCTBLEB MJIOLWA

Arxosuwun JI. A, Ipuwkosey B. H.?

I®rA0Y BO «Cesacmononvckuii 2ocyoapcmeennsiii ynusepcumemy, Ceeacmonons, Poccus
’Taspuueckas axademus (cmpykmypnoe noopasoenenue) @rA0Y BO «Kpvimckuii hedepanvrbtil
yuueepcumem um. B. H. Bepnaockozo», Cumgheponons, Pecnyonuxa Kpvim, Poccus

E-mail: chemsevntu@rambler.ru

IIpennoxeH crmoco0 BBIIETEHUS IJIABHBIX TPHTEPIICHOBHIX INIMKO3MAOB ILmoma o-xexepusa (3-O-o-L-
pamHomupanoswi-(1—2)-0-o-L-apabuHonupanosuna xenepareHnHa) u  xenepacamonnmHa C  (3-O-o-L-
pamuonpaHo3mi-(1—2)-0-o-L-apaduHomipanosmi-28-0-o-L-pamuormpanosi-(1—4) -O-B-D-rirokonupano-
3ui-(1—6)-O-B-D-rimokonmpaHo3ua XeaepareHnHa), BKIFOYAIOIIHIT SKCTPAKIHIO PACTHTEIBHOTO chIpbs 70 %
BOZHEIM H30MpPOIMIOBEIM CITUPTOM C TOCIEIYIOLIMM pa3felieHHeM M OYHCTKOH BBIJENECHHBIX BEIECTB
KOJIOHOYHOH Xxpomarorpadueil Ha cuinkarene. CTpoeHHE H3O0IMPOBAHHBIX TJIMKO3UIOB IOATBEPIKICHO
XUMHUYECKUMH MeTozamy, a Takke K-, macc- u SIMP-cniektpockonueif.

Kniouesvie cnosa: TputepneHOBbIE ITTHKO3UIBI, O.-XeIepHH, Xenepacanonud C, oy, xpomarorpadus, K-
Dypbe-CreKTPOCKONus, Macc-criekTpockonus, SIMP-criekTpockomnus.

BBEJIEHHUE

TputeprneHoBbIE TIIMKO3UIBI — 3TO  HHU3KOMOJCKYJSPHBIE  OHOPErYJIATOPHI,
MPOSBIIAIONINE IIHPOKUAN CIEKTp Ouonorndeckoi akTuBHOCTH [1]. OHM SBIAIOTCS
JNEUCTBYIONIMMH  BEIIECTBAMH  psfa JICKAPCTBEHHBIX PpACTEHWH H  TIPENaparos,
paspaboraHubIx Ha ux ocHoBe [1, 2]. TTlmrom o6rsikHOBenuBIi Hedera helix L. (Araliaceae
Juss.), u3maBHA PUMEHSIEMBbIH TS JIedeHus Kanwis [1, 2], COAepKHUT psi TPUTEPIIEHOBBIX
TJIMKO3H/IOB OJICAHAHOBOTO THIIA.

TepanepTudeckuii 3PQEeKT mpenmapaToB IUTIOMIA OOBIKHOBEHHOTO OOBSICHICTCS
HAJINYHEM TPUTEPICHOBBIX TIHKo3u0B [1, 3, 4]. Cpenu HUX OCHOBHBIM JEHCTBYIOIIUM
BEII[CCTBOM SIBIISICTCS Oi-XeepHH (O-TeIeprH, CAUHIO3MI A, KaJlOMaHAKC-CATIOHHH A,
3-0-a-L-pamuonmpanozun-(1—2)-O-a-L-apabuHonupaHo3un XemepareHnHa, TIIHKO3H
1; puc. 1) [3, 4]. Timko3ua 1 ctumynupyer Pz-aapeHOpPENenTopbl B KIETKAX SMUTEIUS
JIETKUX W MBI OpoHXO0B. B 1utrome mpeobnagaer mpoiekapcTBeHHas GopMma TIIMKO3uaa

1 - xenmepacamonmn C (remepacamonmH C, xemepakosun C, remepakosun C,
3-0-a-L-pamuormpanosui-(1—2)-0-a-L-apaburonupano3mi-28-0-o-L-paMHOMHApaHO3MIT-
(1>4)-0-B-D-rmokonupanosui-(1—6)-O-f-D-riarokonupano3ug XejieparcHuHa,

rko3uy 2; puc. 1) [1], mpu rumponmse KoToporo oopasyercs riauko3us 1.

Ha ocHoBe mmcTheB IuTOHmIa  OOBIKHOBEHHOTO  pPa3pabOTaHO  HECKOJIBKO
JIEKapCTBEHHBIX TNpenapartoB [2, 5]. OTO MOHOKOMIIOHEHTHBIE IpenapaTsl MPOCHaH
(I'epmanms) [1, 2, 5], renenuke (I'epmannst) [2, 5], repouon cupor mtora (CroBeHus) [6,
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7], a Takxe KOMOMHMpOBaHHBIE mpenapatbl Oponxunper (I'epmanus) [2, 5] u 6poHxuan
IUTIOC ¢ TUTIomoM, ManbBoi W BuTamuHOM C (Yemickas PecnyOmuka) [5]. HemaBHO
apceHas JIeKapCTBEHHBIX CPEACTB HA OCHOBE IUTIOIIA MOMOTHHUIICS MOHOKOMITOHEHTHBIMU
npenapatamu reaepud [5, 8] u nekronsan o [9, 10] (Vkpauna), a Taxke CpencTBOM
reqexmn [11] (Bemapycs). B Poccun u crpanax CHI mpemapaTsl Ha OCHOBE JIUCTHEB
TUTIOIIA SIBJISIFOTCSI OJJTHUMH U3 HauOoJiee MOMyIISIPHBIX CPEACTB [UIs JiedeHust Kauwis [12].

B MeanuHCKO#M NpakTHKe TaKKe HCIOIb3YI0T KOMOMHHPOBAHHOE TOMEONaTHYECKOE
cpenctBo ranmuyMm-xeenb (I'epmanus), cogepskartee saxkcTpakt Hedera helix. Ono mokasano
JUISl aKTUBAIMK HECTIeNU(UIECKUX 3alUTHBIX MEXaHM3MOB OpTaHW3Ma, B YACTHOCTH IPU
XpoHUYecKuX 3aboneBanHusix [5]. B I'py3un mpuMeHSIOT OpOHXOCIa3MOJIUTHK KaBCYPOH
Ha OCHOBE IUTONIA KaBka3ckoro [13].

OH
5' O O
HO
2' 24 123
o OH
H,C 1
HO HO

Puc. 1. CrpoeHne TIaBHBIX TPHUTEPIICHOBBIX TIWUKO3UIOB IUTIOMA (O-XeAepHUHA
(rmukosupa 1: R = H) u xenepacanonnna C (rmkosuga 2: R = «<—BGlcp-(6<-1)-BGlcp-
(4<-1)-aRhap)

Henasro B Poccnm pa3paboran (GUTOKOMILIEKC XenepruKc+, COMepKamuid SKCTPAKTHI
JIUCTBEB IIIIOMA OOBIKHOBEHHOI'O, JINCTHLEB MaTh-U-Mayexd OOBIKHOBEHHOH Tussilago
farfara L. (Asteraceae Bercht. & J. Presl) u TpaBbl TMBsiHA TION3y4ero (vabpera) Thymus
serpyllum L. (Lamiaceae Lindl.) [14, 15]. Xemepukct peKOMeHIOBAaH B KaueCcTBE
OTXapKHUBAIOIIEr0 CPEACTBa B KOMIUIEKCHOW Tepanmui BOCHANHUTENBHBIX 3a00NeBaHHN

IbIXaTeIbHBIX MyTEH,

TpuTeprneHoBbIe TIMKO3UIBI U3 PACTUTEIBHOIO CBHIPbS TPAIULHMOHHO HKCTPArUpyOT
cnupramMu, Bomoi mium mx cMmecsMu [1]. Ilpu »ToM dYuCTBIE CIIUPTHI HETOCTATOYHO
9KCTPArvpyroT BBICOKOIOJSIPHBIC, @ BOJA — MAaJOHOJISIPHBIC [NIMKO3MIBL. | MHMKO3UABI U3
IUTIOIA OOBIYHO M3BJIEKAIOT METAHOJIOM, 3TaHOJOM WJIM MX BOIHBIMHU pacTBopamu [16—
22]. OaHako B METaHOJIE MOXKET IPOUCXOANTH UX Tpanchopmartus [1].

C uenpl0 TONMYYEeHUS TPUTEPHEHOBBIX INIMKO3UAOB 1 M 2 HaMH NpPEmIoKeH
MEPCIEKTUBHBIN CIIOCO0 MX BBIJIETICHUS U3 JIMCTHEB PA3IMYHBIX BUIOB ILTIOLIA.
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MATEPHUAJIBI U METO/JIbI

Jluctes mroma kpbiMckoro Hedera taurica Carr. Obuiu coOpaHbl B OKPECTHOCTSIX
r. Cesacromonsi, kanapckoro Hedera canariensis Willd. — momydensr u3 KojieKnuu
borannueckoro cana boranmdeckoro nucruryra uM. B. JI. KomapoBa PAH u Jloneuxoro
OoraHuyeckoro caga, a obbikHOBeHHOro Hedera helix L. — coOpaHbl B OKpPECTHOCTSIX
r. JIbBoBa. PacTuTenbHOE Chiphe BBICYIIMBAIN IPU KOMHaTHOH Temnepatype (20-22 °C).

JIucThs MITIOIIA KaHAPCKOTO, KPHIMCKOTO M OOBIKHOBEHHOTrO B KonmuyecTBe 1mo 500 r
CyXOro Beca mociefoBarenbHo skcTparupoBaiu npu 50 °C mo 60 MuH.: TpeMs MOPIUIMU
cMmecu xyopodopMm — O0enszon (9:1, mo oobemy) mo 5000 M u maTero nopiusamu 70 %
BonHOro 2-mpomanona mo 5000 mu. CHOUpTOBBIE SKCTPAKTHl OOBEAMHSIIM M Jaiee
yIapuBalIH.

[Mony4eHHYI0 CyMMY TPHTEPIICHOBBIX TIIMKO3HJIOB Pa3elisiii XpoMaTorpaduvaecKu
Ha 4000 r cunukarenst L mpu rpaiMeHTHOM SIIOMPOBAHUU CHCTEMaMHU PAacTBOPUTENEH
xyopodopm — 3raHon (2:1—1:1, mo o0beMy), HACBHINICHHBIMH BOJOW. BbljeieHHbIC
TIIMKO3H/IBI TIOABEPTANIN JAOTIOIHUTENBHOW OYUCTKE OT IIpuMecei (peHONbHBIX COeANHEHUI
XpoMaTtorpaguuecku Ha CHIHMKarele L MpH SJIIOMpPOBaHHM CMECSMH PacTBOpUTENEH
xyiopodopm — atanon (2:1, mo obwemy), HachkimeHHOW 10 % BOAHBIM aMMHAKOM (IS
rmukosuga 1), u xmopodopm — stanoa (1:1, mo obbemy), HaceimenHo#i 10 % BOmHBIM
aMMHakoM (st TMko3uaa 2). YUCToTy BBIJENEHHBIX COCAMHEHHH KOHTPOIUPOBAIU C
nomorpio TCX.

Ta6auma 1
XHMHYeCKHe CABHIH CHTHAIOB aTOMOB °C arJIMKOHHBIX YacTeil TPUTEPIIEHOBBIX
rauko3uaoB 1 u 2 (§, m.a., 0 — TMC, CsDsN)

C-atom TpuTepneHoBbIN TITMKO3U] C-atom TpuTepneHOBbIN MTMKO3U]
1 2 1 2
1 38.9 38.9 16 23.9 235
2 26.2 26.0 17 46.7 47.2
3 82.1 82.1 18 421 41.8
4 43.5 435 19 46.5 46.3
5 47.3 47.7 20 30.9 30.8
6 18.4 18.3 21 34.4 34.1
7 33.0 32.9 22 33.2 32.6
8 39.8 40.1 23 64.4 64.6
9 48.3 48.3 24 13.8 13.8
10 36.9 37.0 25 16.2 16.3
11 23.8 23.9 26 17.4 17.6
12 122.8 122.9 27 26.2 26.2
13 144.8 144.3 28 180.3 176.6
14 42.2 42.2 29 33.2 33.2
15 28.4 28.4 30 23.9 23.8

B PEIYIbTATC MOJYUHUIIN TIIMKO3UABI lu 2, BBIXOZ KOTOPBIX B MCPECUCTC HA CYXOC
PAaCTUTCIBHOC CBIPLC COCTaBUJI, COOTBCTCTBCHHO, I JIMCTBCB IUIIOIIA KPBIMCKOI'O —
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1,9% u 3,5 %, nuctheB maom@a oObIKHOBEHHOrO — 1,7 % u 3,9 % u aucTheB IUTIONIA
kaHapckoro — 2,9% u 4,9 %. CTpyKTypy BBIIEIEHHBIX TJHKO3WAOB IOATBEPKIAIN
XUMHUUYECKUMH METOJIaMM (KUCIOTHBIA W mienodHor ruapoimsbl) U TCX-aHami3oM, Kak
omnucaHo B [23, 24].

[TonHBIM KUCIOTHBIM THAPOIN30M 1 MOMy4eHbl paMHO3a, apaduHO3a M XeeparcHUH.
Macc-criektp (MoHM3ammsi siektpopacmbinenmem) 1: [M-H]™ (749.463 (100.0 %)),
[M"+Na]* (773.566 (100.0 %)). Ilo TCX, UK-, macc- u *C SIMP-crekrpy rmmko3uz 1
uaentuueH 3-0-a-L-pamuonupanosmi-(1—2)-0-a-L-apabunonupanosumay xenepareHuHa
[23, 24]. Crextp SIMP 13C rmukosuma 1 NpUBE/CH B Tabiaumax 1 u 2.

B momHOM KHCITOTHOM rujaponu3are 2 HAeHTU(QUIMPOBaHBI pamMHO3a, apaOdHHO3a,
roKo3a U xenepareHuH. L[eouHbIM THAPOIN30M 2 TIONYYEeH MPOTEHUH, WIACHTUYHBIH
rimkosuny 1. Macc-criektp (MOHH3alms smekTpopacmbiiennem) 2: [M?-H]™ (1219.642
(100.0 %)), [M?*+Na]" (1243.765 (100.0 %)). ITo TCX, UK-, macc- u *C SIMP-criektpy
riuko3un 2 uaeHtudeH 3-0-a-L-pamuonupanosui-(1—2)-0-a-L-apadbunonupanosui-28-
O-o.-L-pamuonupano3ui-(1—4)-0O-B-D-rirokonupanosui-(1—6)-O-f-D-rarokornu-
panosuIoBoMy 3dupy xeneparennna [24]. Crextp IMP C rmukosuna 2 mpuseneH B
Tabmuuax 1 u 2.

Tabauna 2
XuMHYeCKHe CIBHTH CHIHAIOB aToMOB “°C yI/IeBOAHBIX YacTeil TPHTEPIEHOBBIX
rauxko3uaoB 1 u 2 (§, m.a., 0 — TMC, CsDsN)

TpuTepneHoOBbIN TITMKO3U]
C-aTtom 1 > > 5
Ara’ Ara’ Glc™ Rha'""*
1 104.3 104.3 95.9 102.8
2 75.9 75.9 74.0 72.6
3 74.5 74.5 78.7 72.8
4 69.4 69.4 70.9 74.0
5 65.6 65.6 78.1 70.4
6 - - 69.3 18.6
Rha" Rha" Glc™"
1 101.7 101.7 104.9
2 72.4 72.4 75.4
3 72.6 72.6 76.5
4 74.2 74.2 78.4
5 69.8 69.8 77.2
6 18.5 18.5 61.4

UK-cniexTpbl cHATBI ¢ TBepapix oOpasnoB Ha HK-Dypwe-cmekrpomerpe OT-801
(CUMEKC, Poccusi) ¢ yHuBepcanpHoi ontiueckoil mpuctaBkoii HITBO (HapyiieHHOTO

229



SkoeuwuH J1. A., Npuwkoeey B. Y.

MOJIHOTO BHYTPEHHETO OTPa)KEHHsI) C DJIMEHTOM U3 celeHuna 1uuka. s padorsr ¢ UK-
criekrpomerpom OT-801 ucnons3oBanu nporpammy ZalR 3.5 (CUMEKC, Poccus).

HK-cnekmp enuxosuoa 1 (v, em): 3394 (OH), 2934 (CH), 1698 (C=0), 1653 (C=C),
1456 (CH), 1386 (CH), 1363 (CH), 1338 (CH), 1304 (CH), 1264 (CH), 1234 (CH), 1206
(CH), 1124 (C-O-C, C-0OH), 1074 (C-O-C, C-OH), 1050 (C-O-C, C-OH), 1029 (C-O-
C, C-OH), 984 (=CH).

HK-cnekmp enuxosuda 2 (v, emb): 3351 (OH), 2924 (CH), 1728 (C=0), 1623 (C=C),
1455 (CH), 1386 (CH), 1363 (CH), 1260 (CH), 1231 (CH), 1202 (CH), 1048 (C-O-C, C-
OH), 1027 (C—O—C u C-OH), 981 (=CH).

Macc-criekTpbl moydeHbsl Ha crektpoMerpe Bruker Daltonics micrOTOF-Q ¢
HMOHHW3alMel  JNeKTpopaciblieHneM. Mcmonp3oBaiu  mporpamMMHOe — o0ecrieueHue
micrOTOFcontrol™2.2 [25]. BC-AMP-cniextps! nomyuens Ha npubope Bruker WM-250
(62.9 MI'n ayst °C) (Bruker, T'epmaHus) 11 pacTBOPOB BENIECTB B MUpH uHE-Cs.

PE3YJbTATHI U OBCYXJIEHUE

,ZIJ'ISI HNCKIIFOUYCHH L q)epMeHTaTI/IBHOFO ruapojin3a TJIMKO3UJI0B IpHU U3MEIbYCHHUU
CBEXXECOOPAHHOTO PACTUTENILHOTO CHIPbS €r0 TPEJIBAPUTEILHO BBICYIIMBAIH  TIPH
KOMHAaTHOM TEMIICpATypE, a 3aTéM HU3MCIbYaJiu. 3KCTpaKIII/IIO IIPOBOANIIN  IIpU
temmepatype 50 °C, 9To0BI TPEIOTBPATUTH MOTEPIO HATUBHOCTH TIIMKO3HIOB.

PacturtensHoe chipbe MOCIEIOBATENBFHO KCTPATHPOBAIM TPEMsI MOPIHSIMH CMECH
xjopodopm — OeHzon u mAThI0 TopuusaMu 70 % BOIHOTO H3OMPONMIIOBOTO CIHPTA.
Ucnonp3oBaHre B KayecTBE OJKCTpPAreHTa H30MPOIMMIOBOTO CIHPTA HCKIIOYAET
oOpazoBanue apteakToB TIUKO3UIO0B. CIIUPT MPEMI0KEHHON KOHIICHTPAITUH TTO3BOJISET
H3BIIEKAaTh M3 CHIPhS Kak cpemHe- (TIMKO3ua 1), Tak M BBICOKOIONSPHBIE (TIMKO3UM 2)
TPUTEPIICHOBbIE CAlIOHUHBI.

[MonydeHnsle X0p0oPOPMHO-OEH30NBHBIC SKCTPAKTHI, M0 JaHHBIM TCX, comeprkaiu
MAaJIONOJISIPHBIE BELIECTBA, a CIUPTOBBIE — CMECh TPUTEPIIEHOBBIX INIMKO3UI0B. CyMMBbI
TPUTEPIICHOBBIX TIJIMKO3UJOB DAa3le/sUIM METOJOM KOJIOHOYHOM Xpomarorpaduu Ha
CHUJIMKarene MpH TPAAUeHTHOM JIIIOMPOBAHMU CHCTEMaMH PAaCTBOpPHTENCH XJIOpohopM —
3TaHOJ, HACBHILIEHHBIMH BOJIOH. [1pu 3TOM momyunim rimko3us! 1 u 2.

JIOMONMHUTENbHYIO OUYUCTKY TPUTEPIICHOBBIX INIMKO3UIOB OT IpumMmeceil ()eHOoIbHBIX
COEMHEHNH M JAPYTUX COMYTCTBYIOIIMX BELIECTB NMPOBOIWIN XpoMaTorpaduuecku Ha
CHJIMKAarene IIpU OJJIIOMPOBAHMU CMECSIMH PacTBOpUTENEH XJIopodopM — 3STaHOI,
HACBHIIIEHHBIMM ~ BOAHBIM  aMMHAakoM.  YHCTOTy  BBIAEIEHHBIX  COEIMHEHUH
KOHTpoupoBany ¢ momompbio TCX.

CTpyKTYpbl BBIIENEHHBIX TJIMKO3UAOB 1 M 2 mOATBEpXKIAIM XUMHYECKUMHU
meroaami, a Takke AMP-, macc- u UK-cnekrpockonueld. I1oaHbIM KUCIOTHBIA THIPOIU3
rmuko3uga 1 nmaer pamHo3y, apabuHO3y M XelepareHHMH. B KHCIOTHOM ruaponusarte
NIAKO3UJa 2 WACHTU(UIMPOBAHBI paMHO3a, apabWHO3a, TIIOKO3a W  XeJeparcHHH.
[1eno4YHbIM THAPOTU30M 2 MTOTY4EH NPOreHUH, NACHTHUYHBIN IMUKO3Uay 1.

I'makosuael 1 w 2, mo pe3ynpTaram ruaponm3a, 1CX W CIEKTpalbHBIM IaHHBIM
aHaJIOTUYHBI, COOTBETCTBEHHO, 3-0-a-L-pamuonupanos3ui-(1—2)-0-a-L-
apaOMHOTMPaHO3UIY [23, 24] u 3-0-a-L-pamuonupanosun-(1—2)-0O-a-L-
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apabuHonupano3ui-28-0-o-L-pamuonupanosui-(1—4)-O-f-D-rarokonupaHo3usi-
(1—6)-O-B-D-rmroxonupanosuay xenepareuuna [24]. Hanbonbliiee cojiepskaHue B CHIPbEe
YCTaHOBJIEHO AJIS TIMKO3U A 2.

[IpemnokeHHBIH CIIOCO0 MO3BOJIAECT MOAy4YaTh TIMKO3MIBI U3 IUTIOMICH C OOJIBIINM

BBIXOJIOM, 4YeM panee mpemnoxkennsie [1, 17, 23]. Takxe mpeumyniecTBaMu JaHHOTO
crioco0a BBIZCTICHUS SIBJISIOTCS IPOBEICHUE SKCTPAKIIMOHHBIX IPOLECCOB B MSITKUX
YCIOBUSIX, HWCKIIOYAIOIINX JECTPYKIHMIO TIMKO3WAOB W 00pazoBaHHe apTedaxTos,
OTCYTCTBHE HEOOXOJUMOCTH B JOPOTrOCTOSAIIEM OOOpPYIOBaHHMM W MaJIOCTaJUWHOCTh

nporiecca.
3AKIFOYEHHUE
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13 JIMCTHEB TUTIOIEH KPHIMCKOI0, KAHAPCKOT'O U OOBIKHOBEHHOT 0.
BbIX0/] CATTOHHHOB M3 PACTHUTENBLHOTO CBIpbs cocTaBmi 1,7-2,9 % (mis riamkosuma 1)
u 3,5-4,9 % (s ruko3uaa 2).
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THE METHOD OF ISOLATION OF IVY LEAVES MAIN TRITERPENE
GLYCOSIDES

Yakovishin L. A.%, Grishkovets V. 1.2
Sevastopol State University, Sevastopol, Russia

2V/.1. Vernadsky Crimean Federal University, Simferopol, Russia
E-mail: chemsevntu@rambler.ru

Triterpene glycosides from ivy Hedera L. (Araliaceae Juss.) are one of the most

important plant saponins. vy leaves have been used in folk medicine in several centuries.
Triterpene glycosides o-hederin (hederagenin 3-O-a-L-rhamnopyranosyl-(1—2)-O-a-L-
arabinopyranoside, glycoside 1) and hederasaponin C (hederacoside C, hederagenin 3-O-
a-L-rhamnopyranosyl-(1—2)-O-a-L-arabinopyranosyl-28-O-o-L-rhamnopyranosyl-
(1—>4)-0-B-D-glucopyranosyl-(1—6)-O-p-D-glucopyranoside, glycoside 2) are dominant
saponins in the most species of the ivy genus.

We isolated glycoside 1 and 2 from leaves of Canary ivy Hedera canariensis Willd.,

common ivy Hedera helix L. and Crimean ivy Hedera taurica Carr.
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Leaves of Canary ivy Hedera canariensis Willd., common ivy Hedera helix L. and
Crimean ivy Hedera taurica Carr. (Araliaceae Juss.) (each of 500.0 g dry weight) were
comminuted and defatted with chloroform-benzene (9:1) (each of 3 x 5000 ml); the
glycosides were extracted with 70 % aqueous 2-propanol (each of 5 x 5000 ml). The total
extractive substances so obtained were separated on 4000 g of SiO; with elution by water-
saturated chloroform-ethanol (2:1—1:1). This yielded the glycosides 1 and 2. Additional
purification of the glycosides by the elimination of phenolic compounds was implemented
by chromatography on SiO, with elution by chloroform-ethanol (2:1) saturated with 10 %
aqueous NHs (for glycoside 1) and elution by chloroform-ethanol (1:1) saturated with
aqueous 10 % NH; (for glycoside 2). As a result we obtained glycosides 1 and 2 (in terms
for dry plant raw materials respectively: for leaves of Hedera taurica — 1,9 % and 3,5 %,
leaves of Hedera helix — 1,7 % and 3,9 %, and leaves of Hedera canariensis — 2,9 % and
4,9 %).

The structure of glycosides 1 and 2 was confirmed by chemical (acid and alkaline
hydrolysis), physical (FTIR, *C NMR, EIMS) methods and TLC analysis.

Keywords: triterpene glycosides, a-hederin, hederasaponin C, ivy, chromatography,
FTIR spectroscopy, mass spectroscopy, NMR spectroscopy.
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KaHmmaT OWONIOTMYECKNX HAayK, JONEHT Kadeapsl MEAUKo-
OHONOTHYECKUX OCHOB (PU3MUECKON KYIBTYPHI

TlocymapctBenroe OromkeTHOe yapexnenne PecmyOnukm Kpemm
«HHNVBuB “Marapad”, MIaAvil HAy4HBIH COTPYIHHUK OTHAENa
QHAJIMTIYECKIX HCCIIEOBAHNI M MHHOBAIIMOHHBIX TEXHOIOTHI
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I'pumikosen
Baapumup UBanoBu4

HMxennybaeBa
JasBu3a PammaoBHa

JAmuTpueBa
Enena JImutpueBHa

Eroposa
Haraabsa AjlekceeBHA

EnaeBa
Eiaena EBrenneBHa

Epemenko
Buxrop UBanoBnY

3aropckasi
Mapraputa CepreeBHa

HNimenko
Annna BajileHTHHOBHA

Ka3zeeB
Kamuus HlaruayuioBuy

KaiidoynaeBa
Pycana CepBepoBHa

Kapumosa
Buosaerra TaxupoBHa

Kupuiann
Kupuna OsieroBuy

TaBpuueckas akagemus (CTpykTypHoe noapasnenenue) PI'TAOY BO
«Kpomvcknii denepanbusiii yausepeurer M. B. M. Bepraackoroy,
JOKTOp XHMHYECKHX Hayk, mpodeccop Kadenpsl oOmed wu
(hbU3UICCKON XUMUH

TaBpuueckast akagemusi (CTpykTypHOe nonpasnenenne) PI'AOY BO
«Kpbimcknii penepanbabiii yHHUBepeuTeT uMeHu B. V. Bepraackoroy,
KaHIuAaT OWOJNOrMYecKUX HayK, JoleHT Kadeapsl dusnonoruu
YeJIOBEeKa 1 KUBOTHBIX U OMOQU3NKH

Tynbckuil ToCylapCTBEHHBIN YHUBEpPCUTET, KaHAUIAT XUMHUYECKHUX
HayK, JOLEHT Kaeapbl XUMHU

OI'bYH «Hay4yHo-uccnenoBaTenbCKuii  MHCTUTYT — CEIIBCKOIO
xo3siictBa  KpbiMa», [OKTOp OWOJOrMYECKMX HayK, JOLEHT,
3aBEIYIOIHN nabopaTopueit OMOTEXHOJIOTUH,

e-mail: yegorova.na@mail.ru

OI'bOY BO «MopaoBckuii ToCyAapCTBEHHBIA TMeAaroruyeckuit
uHCTUTYT UMeHU M. E. EBceBbeBay, KaHAUAT MEAULIMHCKUX HayK,
JIOLEHT, 3aB. Kadeapodl TeopruM ¥ METOAUKH (PH3HUECKOM
KyJIBTYpHI 1 criopta, e-mail: elaevaelena@mail.ru

Kypckas rocymapcTBeHHas —CEIbCKOXO3SCTBEHHAs —aKaJeMus,
JIOKTOp OMOJIOTMYECKUX HayK, mpodeccop, 3aBenyronii kaheapoi
STMU300TOJIOTHH, pamroOHOIOruK u bapmakosoruu,
e-mail: vic.eriomenko@yandex.ru

CENBCKOr0
J1a0.

OI'bYH  «HayuyHo-uccnenoBaTenbCKUii ~ MHCTUTYT
xo3siictea  KpeiMa», Mmaammii  HaydHBI — COTPYJHHK
Guorexnonoruy, e-mail: zagorskayamargo@gmail.com

benroponckuil  rocylapCTBEHHBIN TEXHONOTMYECKUM YHUBEPCUTET
uMm. B. I. Illyxoa, acnmpanT KadeIpbl MaTepUaOBEACHUS H
TEXHOIOruH Mateprao, e-mail: alina.ishchenko.92@mail.ru

IOxubli  QenepanbHblii  yHUBEpCHTET, AKaleMHus OHOJIOTHH H
OMOTEXHOJIOTHH, JOKTOp reorpauueckix Hayk, mpodeccop Kadeaps
9KOJIOTUH U TIPHPOAOTIONE30BAHU

I'BOYPK « KpeiMckasi THMHa3UA-UHTEPHAT JUIS OZAPEHHBIX JIETE»,
npenogaBatenb XuMuH, e-mail: rusana_kaybulaeva@mail.ru

Tymbckuil TOCYHAapCTBEHHBI YHHUBEPCHUTET, MATUCTPAHT Kadeapbl
XUMHHA

Menmackas akagemus uMm. C. WM. T'eoprmeBckoro (cTpyKTypHOE
noppasnenetne) DOIAOY BO  «KpbiMvckuit  denepanbHblii
yauBepcurer M. B. U. Bepranckoroy, oOywarommuiicss 6-ro Kypca 1-
T'O MEJJMIIMHCKOT0 (haKyJbTeTa CrieHaIbHOCTH «JIeueGHoe neno»
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Kounecaukosn
Cepreii Unbuu

KomxornioBa
Oxcana UBanoBHa

Komaposa
Huna AnaronneBHa

Konomenko
Exatepuna ButaibeBHa

Kopeniok
NBan UBanoBu4

Ky3una
AHHa AHApeeBHA

KyckeBnu
Tarbsina BaagumupoBHa

JleoHTHEBA
Mapusa MuxaiijioBHa

MapaxoBckast

TarpsaiHa AJleKceeBHA

Mapxkuna
Ceetriiana MiibMHUYHA

MemeTiaeBa
Ouabra AjlekcaHapoBHAa

IOxupli  QenepanbHBI  yHHBEpCHUTET, AKageMus OWOJIOTHH |
OMOTEXHOJIOT Ui, TOKTOpP CEIbCKOXO3SIMCTBEHHBIX HAyK, podeccop,
3aBeyIoINi Kadeapoii 3KOIOrui 1 IPUPOIOTIONH30BaAHS

TaBpuueckast akagemusi (CTpykTypHOe nozpasnenenne) PIAOY BO
«Kpbivcknii Genepanbbiii yauBepeuTer nMenu B. U. Beprajckoroy,
KaHAUIaT OWONOrMYecKMX HayK, [OIEHT Ka(eapbl MEIUKO-
OUOJIOrMUECKIX OCHOB (PM3MYECKOM KYIBTYPhI

OI'BOY BO «MopnoBckuii rocyAapCTBEHHBIM IeIarorudeckuit
uHctutyr umenn M. E. EBceBbeBa», kKaHIMIAaT OHOJOrMYECKHX
HayK, JIOUCHT Kadeapbl TEOPUM ¥ METOIUKH (PU3NYECKON KYJIbTYpHI
u cropra, e-mail: ninasm@~bk.ru

TaBpuueckas akagemusi (CTpykrypHoe mnopapasaenenne) OIAOY
BO «Kpbmvcxuit (enepanbHbIit YHUBEPCUTET UMEHU
B. 1. Bepnanckoro», oOyuaromasics 2 Kypca MarucTpaTypbl
kadeapsl (HU3MOJIOTMM UYEIOBEKA U JKUBOTHBIX U OHO(HU3UKH,
(akynbTera OMOIOTHHM U XUMHHU

TaBpuueckasi akagemus (CTpykTypHoe nonpasaeneaue) PI'AOY BO
«Kpbimcknii penepanbhbiii yauBepeuter umenn B. U. BepHackoroy,
JIOKTOp OMONOrnueckux Hayk, mnpodeccop Kadeapbl (u3Honoruu
YeJIOBEeKa 1 KUBOTHBIX ¥ OMO(QU3NKH

IOxHbI  (enepanbHblii  yHUBEpCUTET, AKaneMusi OWOJNIOTUM U
OMOTEXHONOTHH, KaHAWAAT OHOIOTHYECKUX HayK, MJIaIIInit
HAY4HBIH COTPYAHUK Kadeapbl SKOIOIMU U IPUPOJOIOIb30BaHU

Cpenusis o0rmeoOpa3oBaTebHAs Ne 2

Cumdeporionsi, yautesb OUOI0Tuu

IIKOJ1a ropoga

Tynbckuii roCyIapCTBEHHBIH YHUBEPCHUTET, MATUCTD Kadepbl XUMUU

IOxHubIii  (enepanbHBIi  YHHBEPCUTET, AaclUpaHT  Kadeaps
T€HETUKHA Axanemun OHOJIOr NN u OMOTEXHOJIOTMHU
um. JI. Y. IBanoBckoro, e-mail: tmarakhovskaya@mail.ru

TaBpuueckass axagemusi (CTpyKTypHOe monpasaenenue) OIAOY
BO «Kpbmvmcxmii (henepanbHBII VHHUBEPCUTET  HWMEHHU
B. U. BepHanckoro», o0ydatomnasicsi 4  kypca  (akynabrera
OHMONOTHY U XUMUHN

OI'BYH «MHCTUTYT MOPCKHX OHMOIOTHYECKHX WCCIICIOBAHUI MMEHHI

A. O. Kosanesckoro PAH», Bemymmii mmxeHep (acIUpaHT) OTAeNIa
GuorexHosormit u puropecypcos, e-mail: olga.memetshaeva@mail.ru
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Mo:kapoBckasi
Hpuna AsekceeBHa

Moaganos
Anapeii OneroBuy4

MocnaHeHko
AnHa ®eopoBHA

HaraeBa
Enena UBanoBHa

OmMesIbYeHKOo
AJtekcaHap
Baagumuposny

I1anoB

Jenuc AneckaHapoBuy

IlonoB
Mapk AnekcaHIPOBHY

Ipomuna
Hpuna BacuibeBHa

CraceHkoBa
KOnusa BragumupoBHa

CtpoxkoBa
Basepus BasiepbeBHa

TaBpuueckast akagemusi (CTpykTypHOe nonpasnenenne) PI'AOY BO
«Kpbvcknii denepaipHblii yHuBepeuTeT nmeHn B. 1. Bepranckoroy,
obywatomiasics | Kypca Maructpatypsl Kadenpsl ¢u3nonornu
YeJIoBeKa 1 KMBOTHBIX M OMo(pU3NKN (haKyabTeTa OMONIOTHH U XUMUH

Benroponckuii  rocymapCTBEHHBIN TEXHOIOTMYECKHHA YHHUBEPCUTET
mv. B. T. IlyxoBa, acrmpant kadenpbl MaTepHalIOBEICHHUS H
TEXHOJIOTUH MaTepHUaioB

IOxubli  QenepanbHblii  yHUBEpCHTET, AKaneMus OHOJIOTHH H
OUOTEXHOJIOTHH, COMCKaTellb Kadenpsl SKOJIOT U u
TPHPOIOTIONB30BAHMS

TaBpuueckast akagemusi (CTpykTypHOoe nonpasnenenue) PI'AOY BO
«Kpbimcknii penepanbbiii yHuBepeuter uMenu B. V. BepHaackoroy,
KaHAUIaT OMONOrMYecKMX HayK, [OLEHT Ka(eapbl MEIHKO-
OUOJIOrMYECKHX OCHOB (DPM3UYECKOM KYJIBTYpBI

TaBpudeckasi akazemusi (CTpykrypHoe nonpasaeneaue) PI'AOY BO
«Kpbimckuii ¢denepanbHblii yHuBepcuteT M. B. M. BepHanckoroy,
KaHIUIAT OHOMOTMYECKMX HayK, IOICHT Kadeapbl OOTAaHMKH |
(hU3HOTIOTHH ¥ OMOTEXHOIOTHIA

TaBpuueckas axkanemusi (CTpykTypHoe mojapaszeinenne) GIAOY
BO «Kpbmvckuit (benepanbHbIit YHUBEPCUTET MMEHU
B. U. BepHanckoro», KaHIMIAT XUYNCEKUX HAYK, JOLEHT Kadeapbl
obmeir u Qusnueckoil xuMuu (akyabTeTa OHOJOTMH M XUMHH,
e-mail: panovda8l@yandex.ru

OI'BYH «MHCTUTYT MOPCKMX OHOJOTMYECKHX HCCIEOBaHUMN
um. A. O. Kosanesckoro PAH», kanauaat reorpaduyeckux Hayk,
Hay4yHbld COTPYIHHUK OTHEJIa aKBaKyJbTypbl U  MOPCKOM
¢bapmakonoruu, e-mail: mark.a.popov@mail.ru

TaBpuueckass akageMusi (CTpykrypHoe moapaszaenenue) OIAOY
BO «Kpbmvcxwii (denepanbHbIii YHHUBEPCUTET UMEHH
B. U. Bepnanckoro», oOydvaromiasicss 3 kypca  (akyiabrera
OHMONIOTHH U XUMUHU

Kypckast rocymapcTBeHHasl CENbCKOXO3AHCTBEHHAs —aKaeMUs,
acmupaHT  Kadempsl  AOH300TOJNOTHH,  PAAUOOMOIOTHH |
(bapmakonorun, e-mail: vic.eriomenko@yandex.ru

benropoackuii rocy1apCTBEHHBINM TEXHOJIOTMYECKUH YHUBEPCUTET
uMm. B. T. IllyxoBa, JOKTOp TEXHHYECKHX HAYK, Mpodeccop,
3aBefyouuii  kadenpoit «MartepuajoBeleHHE W TEXHOJIOTHS
MaTepHaIoB»
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TymansiH
Kapun> Hukonaesna

XycanHoB
Jenunc PammgoBuy

Iukaaon
Buxrtop Banentunosnu

ukanoBa
Buxrtopus HukosaeBHa

Yaiika
Anapeii BnagumupoBu4

Yeaaauna
Haranba
CraHucjiaBoBHA

Yeperaes

Hrops Biaagumuposuy

Yepubiii
Cepreii BacwibeBu4

Yysin
Enena HukojiaeBHa

TaBpraeckas akamemus (CTpykrypHOE nonpasnaencane) DLCAOY BO
«Kpemvcknii denepansHplii yHuBepcuter nMeHn B. Y. BepHanckoroy,
KaHIu/AaT OMOJIOTMYECKHX HayK, Jupekrop lleHTpa KOIUIEKTHBHOrO
MOJIb30BAaHMSI HAYYHBIM ~ O0OpyJOBaHMEM <« OJKCIIEpHUMEHTAIbHAS
¢usmonorus u Gnodusrkay, e-mail: timur328@gmail.com

TaBpuueckast akagemusi (CTpykTypHOe nozpasnenenne) PIAOY BO
«Kpbimcknii Genepanbubiii yauBepeuTer nMenu B. Y. Bepraackoroy,
KaHAUIaT OWONIOTMYECKUX HayK, JOHeHT Kadenpsl (u3uonoruu
YeNoBeKa M )KUBOTHBIX U Ouodisuku, e-mail: gangliu@yandex.ru

TaBpuueckast akagemusi (CTpykrypHoe mnopapasaenenne) OIAOY
BO «Kpbmvcxuii (enepanbHbIit YHUBEPCUTET UMEHU
B. 1. BepHanckoro», KaHIWAAT XUMHYECKHX HAyK, JOLEHT
Kagenpbl OpraHMIecKor 1 OHOIOrMYECKOH XUMHH

TaBpuueckas akagemusi (CTpykrypHoe mnopapasaenenne) OIAOY
BO «Kpbmvcxuii (enepanbHbIit YHUBEPCUTET MMEHU
B. . Bepraackoro», KaHIuZaT XUMUYECKUMX HAyK, JAOLEHT
Kadeapsl OPraHuUECKOM U OMOJTOTHYECKON XUMUHU

TaBpuueckasi akagemus (CTpykTypHoe nonpasaeneaue) PI'AOY BO
«Kpbimcknii penepanbhbiii yauBepeuter umenu B. Y. BepHajckoroy,
acmupaHT Kadempbl (DU3HOMOTMH YEIOBEKA M JKMBOTHBIX U
ouodsuku, e-mail: andrew.chajka@yandex.ru

OI'BYH «MHCTUTYT MOPCKHMX OHONOrMYECKUX HCCIEIOBAaHUN
uM. A. O. KoBanesckoro PAH», xanaumat OHONOTMYECKHX HayK,
Hay4yHbld COTPYIHUK OTHElIa aKBaKyJbTypbl U  MOPCKOM
(bapmakonoruu, e-mail: chelydina2007@mail.ru

TaBpuueckass axazgeMusi (CTpyKTypHoe monpaszaenenue) OI'AOY
BO «Kpbmvckwii (denepanbHbIii VHUBEPCUTET  HMEHHU
B. 1. Bepnajackoro», KaHAMAAT OHOJOTMYECKHX HAYK, JOLEHT
kadenpbl (U3NOIOTHM YENOBEKA M JKUBOTHBIX U OHOPHU3HKH,
e-mail: cheretaev86@yandex.ru

TaBpuueckas akagemusi (CTpykrypHoe nonpaszaeneane) ®IAOY BO
«Kpbimcknii Genepanbhbiii yauBepeuter uMenu B. Y. Bepraackoroy,
KaHIMZAT OWONMOTMYECKHX HAayK, MJOLEHT Kadeapbl MeauKo-
OHONOTIYECKIX OCHOB (PU3MUECKON KYIBTYPHI

TaBpuueckas akagemusi (CTpykrypHOe nonpazaeneane) PIAOY BO
«Kppmvcknii penepansHblil yHIBepcuTeT MMern B. 1. Bepraackoroy,
JOKTOp OWONOTHYECKUX HayK, mpodeccop Kadeapsl (HHU3HOIOrUN
YeIoBeKa U KMBOTHBIX U OHO(H3NKH
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IITaxmaToBa
Buxrtopnsa Uropesna

Ieiix-3ame
Mamer-Hcmer

SIkumoBa
Enena AnekceeBHa

SkoBUIIIMH
JleoHua AslekcaHApPOBUY

Spmoniok
Haranbs CepreeBna

SAnenko
Muxana BiagumupoBuy

TaBpuueckast akagemusi (CTpykTypHOe mozpasnenenne) PIAOY BO
«Kpbmvcknii penepansabiii yHIBepeuTer uMeHH B. V. Bephazickoroy,
obywatomiasics | Kypca Maructpatypsl Kadenpsl (GH3HOIOruH
YeJIoBeKa 1 KMBOTHBIX M OMo(pU3NKN (haKyabTeTa OMONIOTHH U XUMUH

I'BOY BO PK  «KpbMckuii  HMH)XEHEpHO-TIEarorudeckuit
YHHUBEpPCUTET», Kadenpa O3JIeKTPOMEXaHWKH W CBAapKH, KaHIWAAT
(hM3UKO-MaTeMaTH4ECKUX HAYK, JOLCHT

OI'BOY BO «MopnoBckuii TOCyJapCTBEHHBIM I€JarorMuecKuii
uHctuTyT nMeHn M. E. EBceBbeBa», KaHIUIaT OMOIOTMYECKUX HAYK,
JIOLICHT, 3aB. Ka)eApol CIOPTHUBHBIX AWCUMILUIMH M O€30MacHOCTH
Ku3HeaesTenpHOCTH, e-Mail: jakimovalena@mail.ru

OI'AOY BO «CeBacTononbCKuil TOCYIapCTBEHHBIM YHUBEPCUTETY,
KaHAUIaT XUMHYECKMX HayK, JIOUCHT, 3aBenyrolmi Kadeapoi
«Xumust», e-mail: chemsevntu@rambler.ru

TaBpudeckasi akazemusi (CTpykrypHoe nonpasaeneaue) PI'AOY BO
«Kpbimcknii Genepanbhbiii yHuBepeuter uMenu B. V. Bephazckoroy,
KaHIUIAT OHOJMIOTMYECKMX HAyK, JOLEHT Kadeapbl MemUKo-
OUOJIOrMYECKHX OCHOB (D3UUECKOM KYJIBTYpHBI

®I'bOY BO  «AnTaiickuii  TOCYIapCTBEHHBIN  YHUBEPCUTET,

KaHauIaT OHOJIOTMYEeCKMX HayK, [OLIeHT Kadeapbl olOumell u
TPUKJTAHON TIcKXoorui, e-mail: e.yatsenko@mail.ru

241


mailto:jakimovalena@mail.ru
mailto:chemsevntu@rambler.ru
mailto:e.yatsenko@mail.ru

COAEPXAHUE

BUOJTIOM'MYECKUE HAYKU
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	Одним из активаторов VEGF является гипоксия. Имплантация эмбриона и развитие беременности на ранних сроках происходят в условиях недостатка кислорода (2-3% О2) [31]. Гипоксия-индуцируемый фактор HIF-1А необходим для активации транскрипции VEGF в ответ...
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