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ECTECTBEHHbIE U TOYHbIE HAYKU [ NATURAL SCIENCES

Axmapos V.JL.Y, Kupumnos O.A.', Unpunckarite A.B.},
Comosa 10.B.!, Jleonosa E.J1.!

MOZE/IMPOBAHUE HEOHATAJ/IbHOI SNUNENCUN YENOBEKA
HA MbILLAX C HOKAYTOM FrEHA KCNA1

Snuiencus — 3To XpOHMYECKOe HEBPOIOTMYECKOe PACCTPONICTBO, KOTOPOE XapaKTe-
pU3yeTcsi NOBTOPSAIOMIVMICS CySOPOXXHBIMY NPUCTYIIaMI. boe3Hb MO>KeT BO3HUKATh
BCJIE[ICTBYE TEePEHECEHHbIX YePENHO-MO3TOBBIX TPAaBM WM MHGEKIUII, OJHAKO Yalle
BCEro OHa MMeeT HaC/Ie[ICTBEHHBII XapaKTep U IepBble IPUCTYIIbl GUKCUPYIOTCS B BO3-
pacre o 18 nmer. HeonartanpHas anmiencus — 3TO OfHO M3 Haubojiee paclpoCTpaHeH-
HBIX HEBPOJIOTMYECKMX 3a00/IeBaHNII [ieTell, 10 3apYOe>KHBIM JJaHHBIM, SIIVJIETICHS CITy-
qaerca y 0,5-0,75 % perckoro Hacenenms. B Poccum okono 800 TeicAY merent m IOJ-
pocTkoB crpamator srmerncreii!' HecMoTpst Ha 910, MOHMMaHMe matoreHesa u Gpusno-
JIOTMYECKX VI3MEHEHUII, BO3HUKAIOLIVX TPV SMMJIETICUY, Ha CETORHSANIHIIT MOMEHT He-
noctatounol?. B cBA3YM ¢ 3TMM BO3HMKaeT HeOOXOMMMOCTD CO3IAHMA MOJE/eN SIMIeN-
CMM Ha )XVBOTHBIX, YTOOBI O0JIee I/TyOOKO MOHATDh MEXaHM3MBbI Pa3BUTHSL, IIPOSIBIIEHNUA U
JIe9eH s SMUTIETICUN, OCOOEHHO Cpenyt ieTell.

CB#3b C SMMIeTICUell VIV SMUIENTUIeCKMI IPUIafKkaMy ObUIa OKa3aHa /sl My-
Taumit B 6osee uem 500 renax”®. Bosbiuast 4acTh TAKMX MyTaLMil 3aTParnBaeT CyObeu-
HUIIBI [TOTEHINAI-3aBUCUMBIX HATPUEBBIX U Ka/MEBbIX KAHAJOB. B KauecTBe MUIlEHN
B HallleM McCefiloBaHuy Obl1 BoIOpaH reH kcnal(k,l1.1), Kopupyrommii cyObefUHNUILY I10-
TEHIIVa/I-3aBUCYMOTO Ka/IeBOTO KaHasIa IojiceMelictBa A. MyTanum B 9TOM reHe Ipu-
BOJST K Pa3BUTUIO HEOHATalbHOI ammrerncuu. Kpome aToro, pasamyHble MyTanun
B 9TOM T'€He MOTYT IPMBOJVTD K SIM30ANIECKOI aTaKCUM IIepBOTrO THIIA (M30/IMPOBaH-
HOJI /I KOMOPOM/THOJ C SIMJIENICHEN), @ TAKXKe, B PEIKNUX CIydasx, K MUOKVMUY VTN
runomaraemnu . Vyke cyijecTByroT MOJenu Mblleil ¢ HOKAyTOM reHa kcnal, momy-
YeHHble KITaCCMYeCKVM METO[IOM BCTaBKYM HEOMUIIHOBON KacceTsl B NOKYC kcnal, HO
y TAKMX MBbILIEN OY€Hb BBICOKAsI IIOCTHATATIbHASL CMEPTHOCTD ). YuureiBast 910, a Taxke
OTCYTCTBUE IOJOOHBIX Mofesneil B Poccuu, Mbl peliniy co3fath HOBYIO MOJENb C VIC-
nosnb3oBanneM cucrembl CRISPR/Cas9.

[Togbop nocnenoBatenbHocTy Hanpassaowerr PHK ocymectsisics ¢ ncnonb3osa-
HueM uHcrpymeHnTa CRISPR Design Tool (Synthego) ¢ yderom ontumanpHOro pacro-
JIO>KEHMVSI CaliTa CBA3BIBAHM B KOHIIE PAMKV CYMTBHIBAHMS /11 YMEHBIIEHNUS BEPOSTHO-
CTM BO3HUKHOBEHMs JIeTA/IbHBIX MyTanuit. [lns cunTesa Hanpasstonieir PHK 6bu1a nc-
II0/Ib30BaHa TpaHCKpunuus in vitro, ounctky PHK nposogunm ¢ npumeHeHunem Tpu-
30/IBHOTO MeTOfIa. 3aTeM HallpaB/solas Oblla IpOBepeHa in Vitro ¢ UCIONIb30BaHUEM
6enka Cas9 u IHK ¢ nmocmeoBaTebHOCTBIO HYK/IEOTHU/OB, COOTBETCTBYIOIEN IIeIeBO-
My Y4acTKy reHa kcnal.

! Cankr-Ilerep6yprckuit rocygapcTBeHHBINN YHUBepCuUTeT, Poccuiickas Oepgeparust, 199034, CaHkT-
[Tetep6ypr, YHuBepcurerckas Hab., 7-9, LleHTp TpaHcreHesa M pelaKTMPOBaHNA TeHOMA.



BMO/10T'MA U BUOSKOANO0TIMUA

IToproroBnenHas KOHCTpyKuus, cocrosamasn u3 HanpassAomeir PHK n MPHK Cas9,
OblIa MUKPOMHBEL[MPOBaHA B 3UTOTBI, IIOC/IE Y€TO 3UTOTHI OBUIN TOCAKEHBI TICEBIOOe-
peMeHHBIM MblmaM. Yepe3 Tpu Hepenu ObUIO IONTYy4YeHO I€PBOE ITOKOJICHME MbIIIel
(5 ocobeir) ¢ geneunsamu B reHe kcnal (ot -1 mo -12). Mbl cMorn HabGMIOKATh Y HUX
CIIOHTAHHBIE SMIIENTUYeCKUe IPIUCTYIbI B paHHeM Bo3pacTe (1-2 Hegenu). K coxxare-
HIIIO, BCE ITO/Ty4eHHbBIe >KMBOTHBIE CKOHYA/IVICh 10 JOCTVKEHS TI0/I0BO3PE/IOTO BO3pac-
Ta (Mexpy 2 u 5 Hepernen).

Taxum o6pa3oM, MBILIN C [efieniell B reHe kcnal TMPOSIBISIOT BhIPaXKeHHbIE CIIOH-
TaHHbIE SIVJIENITHYECKNe IIPUCTYIbI, HabmofaeMbple ¢ paHHero Bospacra. OpHaKo
UL HOTy4eHVsT YCTOMYMBOM JIMHMM TPEOYIOTCS [JONIOTHNUTEIbHbIE VCCIIeOBAHMA,
HaIpaBJ/ieHHbIE Ha TIOBBIIIEHNE BBDKMBAEMOCTY 0C00eil 1 coxpaHeHre GeHOTuIIa.

Kntwouesvie cnosa: CRISPR/Cas9, HeoHaTanbHas SIIENCH, MOJeIMPOBaHye 3a00-
neBaHMit, kenal.

Paboma svinonnena npu noodepcke epanma CII6I'Y 1D 95445540.
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Axpomos K.B."?, I'ony6xosa E.B.},
Ps6oBa E.B.%, Capannesa C.B.2

3KCMPECCUA FEHA NXF1 B XOAE HEMPOTEHE3A
DROSOPHILA MELANOGASTER

I'en Nxfl(nuclear export factor) — nmpescTaBuTe/Ib KOHCEPBATMBHOTO ceMericTBa Nxf,
IpeICTaBUTe KOTOPOTO IIPUCYTCTBYIOT y 3amHexryTnkosbix (Opisthokonta) [1].
Oynkuua 6enka NXF1 - apepHo-nmrommasmatudeckuir Tpancnoptr MPHK. Benok ak-
TuBeH nocne aumepusanyu ¢ 6ekom NXT1 (NTF2-related export protein 1). NXF1 co-
fepxut derbipe soMmeHa (puc. 1): RBD (RNA-binding domain), Heob6xopmumblit s gu-
mepusanuu fomeH LRRs (Leucine-rich repeats), NTF2-like (nuclear transport factor 2-
like) 1 UBA-like (ubiquitin associated-like); kpome Toro, Ha N-koH1ie 6enka ectb NLS-
IIOC/IefJOBaTeNIbHOCTD (puc. 2).

Pucynox 1. Ctpykrypa 6enxa Nxf1 [2].

Pucynox 2. [loMeHHast CTpYKTypa Oe/Ka, HalIO)XeHHas! Ha MHTPOH-9K30HHYIO CTPYKTYPY reHa [3].

Ilna rena Nxfl jokasaHO HajmuMyye TKaHeCHEUM(PUIHBIX TPAHCKPUIITOB, MOSIBIIAIO-
IMXCS B pe3y/IbTaTe aJlbTEePHATMBHOTO CIUIAVICMHTIA[4]; crienuuyuHbIil [ HEepBHO
TKaH) TPAHCKPUIIT COZIEPXXUT IIATBHII MHTPOH (puc. 2), B KOTOPOM €CTh CTOI-KOJOH
B paMKe CYMTHIBAHNA, YTO IPUBOAUT K 00pa30BaHIIO YKOPOUEHHOII 130pOPMBI OelKa.

Llenamy maHHON paboThl 6bUIM M3ydeHMe BIMAHUA MyTauym sbr'? (sbr - Ha3BaHMe
reda Nxfl B gpo3oduinHOil HOMeHK/IaType) Ha (GpopMMUpOBaHME HEPBHO-MBIIIEYHBIX
KOHTAKTOB Y JIMYMHOK ¥ MMAro Apo3ogubl, a TakKe aHa/Iu3 M3MEHEeHM KOMMYecTBa
6enka NXF1 B xozie amOpuoreHesa.

Ha puc. 3 npencraBiens! pesynbTaTsl BecTepH-610Ta ¢ aHTUTeNnaMu kK N-KOHLy Oe-
ka Nxfl B o6pasijax, IOIy4eHHBIX U3 TKaHell 1 9MOp1oHoB muHyuu OregonR.

! Cankr-Ilerep6yprckuit rocygapcTBeHHbI YHUBepcuTeT, Poccuiickas Oepgeparyst, 199034, CaHkr-
[Tetep6ypr, YHuBepcurerckas Hab., 7-9.

? Tletep6yprckuit mHCTUTYT sfepHoit pusyku uM. B.IT. KoncrantnHoBa HUL «KypuaTtoBCcKuil MHCTH-
TyT», 188300, 'aTunna, Opnosa Poma, 1.
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Pucynox 3. Pesynbrarsl Western blot. 1 — ceMeHHUKY; 2 — SMYHUKI;
3 — sMbpuoHnsI (1 yac oT KIagKu); 4 — SMOPMOHBI (5 4aCOB OT KIafKM).

Mbl 06HApPYXW/IM, YTO B XOZ€ Pa3BUTHUS 3HAYUTENTbHO YBEIMYMBAETCS KOMUYECTBO
ykopodenHoit n3opopmser 6enka NXF1 - monoca ~35 kDa (puc. 3.4 B cpaBHeHUH ¢ puc.
3.3).

Jlna AMNYHMKOB ¥ SMOPMOHOB Ha paHHeil CTagyy Pa3sBUTUA XapaKTepeH VHTPOH-
copiepKamuit TpaHckpunT aiauHoit 5.1 kb, coorBercTByromuit 6enxy maccoi ~35 kDa.
[TomHOpasmepHBIil 6e1oK cooTBeTCTBYeT monoce ~70 kDa, u ero konmnmyecTBO yBenmyu-
BAaeTCsA [0 Mepe B3POC/IeHMsI SMOPIMOHA, TaK KaK SMOPYOHY [/IA Pa3BUTHUA HEOOXOAMMBI
6enku-Tpancnopréper MPHK, ofHako yBenmueHme KOMM4ecTBa KOPOTKOI 130(OPMBI
MOXXET TOBOPUTb O TOM, YTO OHa mpuHMMaer ydactue B PHK-caiimencunre mmm e,
HanpoTus, B coxpanenuu MPHK pst passurus.

Ha pucynke 4 npepncraBieHsl MUKpogpoTorpaduy HepBHO-MBIIIEYHOTO COEAMHEHNA
y IMYMHKY AP030IIIBI TPETHETO BO3pacTa B 3 CerMeHTe Ha 4 MbIIIIle.

11



ECTECTBEHHbIE U TOYHbIE HAYKU [ NATURAL SCIENCES

Pucynox 4. Muxpogororpaduy HepBHO-MbILIEYHOTO KOHTAKTa TMYMHKY. 1 — OKpalllMBaHMe C IOMOIIbIO
aHTUTET K IepoKcupase XpeHa (Mopgooryst HepBHOI CUCTEMBI); 2 — OKpalll¥BaHMe C TOMOIIbIO aHTUTET
K N-konuy 6enka NXF1; 3 — okpainBaHue ¢ moMolbio aututesn K 6enky DLG1 (Mapkep IOCTOCHHAITH-
4ecKoit MeMOpaHsl); 4 — oKpalmBaHue ¢ momolbio Kpacureast DAPI (sigpa); 5 — coBmerenne 1 n 2;
6 — coBMellleHne 2 u 3.

Kak BUHO M3 prcyHKa 4, HaO/MOZAaeTCsA KOMOKA/IN3alusA CUTHATIOB, COOTBETCTBYIO-
mux npecuHancy u 6enky NXF1, mpyu sToM He HabIIOfaeTCA MOTHONM KOMTOKaIM3aLuu
DLG1 u NXF1, uro nmoaTBep>kpaer faHHbIe 0 BavsgHnu Oenka NXF1 Ha passurue n pa-
60Ty HEpBHOI CHCTEMBI.

Ha pucynke 5 mpepcraBneHsl MUKpodoTorpaduy HEepPBHO-MBIIIEYHOTO KOHTAKTA
MIMaro ocobeil AMKOTO THUIIA ¥ MyTaHTOB sbr'?/sbr.

Pucynox 5. Mukpodororpaduy HepBHO-MBIIIEYHOTO KOHTAKTA MMaro B MBIIIIIaX BTOPOIO TOPAKATbHOTO
cermeHrta. 1, I’ — OKpallMBaHIe C TOMOLILIO AHTUTEI K [IEPOKCIUAase XpeHa; 2, 2” — OKpalMBaHIe C I10-
moupio aututen K N-koniyy 6enka NXF1; 3, 3’ — coBMeléHHOe 1300 pakeHue;

1,2, 3 — muumsa gukoro tuma OregonR; 17, 2°, 3” — myrautsl sbr'?/sbrt.

12
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Kak BUIHO U3 pucyHKa 5, y MyTaHTOB sbr'?/sbr* HapymieHO popMupoBaHMe MbIIIeY-
HBIX BOJIOKOH U HEPBHO-MBIIIEYHBIX KOHTAKTOB; KomndecTBo 6enka NXF1 B 6yronax
Yy MYTaHTOB sbr'?/sbr* 3HaUNTE/IbHO MeHbIIe, 4eM y ocobeit OregonR.

B xauecTBe BHIBOIOB MOYKHO CKa3aTb, YTO XOfie SMOpuoreHesa Apo30(uibl Kommde-
CTBO yKopo4eHHOIT n3opopMbl 6enka DmNXF1 nsmeHseTcs, 4TO CONPSKEHO CO CTafu-
ell 3aKIafgKy HepBHOU cucteMbl; GyHKIuy 6enka DmNXF1 Heob6xopumel it popmu-
POBaHMA U pabOTH HEPBHO-MBIIIEYHBIX KOHTAKTOB.

Kntouesvie cnosa: HeliporeHes, aIbTepHaTUBHBIN CIIIaiicuHT, TpaHcnopT MPHK.

Cnucok nnTepaTypsbl

1. Herold A., Suyama M., Rodrigues J.P., Braun I.C., Kutay U., Carmo-Fonseca M., Bork P., Izaur-
ralde E. TAP (NXF1) belongs to a multigene family of putative RNA export factors with a conserved
modular architecture. Mol Cell Biol. 2000.

2. Ginanova V., Golubkova E., Kliver S., Bychkova E., Markoska K., Ivankova N., Tretyakova I.,
Evgen'ev M., Mamon L. Testis-specific products of the Drosophila melanogaster sbr gene, encoding nu-
clear export factor 1, are necessary for male fertility. Gene. 2016.

3. Mamon L., Ginanova V., Kliver S., Toropko M., & Golubkova E. (2019). Organ-specific transcripts
as a source of gene multifunctionality: lessons learned from the Drosophila melanogaster sbr (Dm nxfI)
gene. Biological Communications, 2019.

4. Fujito N.T., Sugimoto S., Nonaka M. Evolution of thioester-containing proteins revealed by clon-
ing and characterization of their genes from a cnidarian sea anemone, Haliplanella lineate. Dev Comp
Immunol. 2010.
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Bekycosa B.B."?, 3ynosa T.J1.% 3axaposa JL.b.,
[Tapuiickas E.H.!, I'papeeBa H.I'.!, Mapkos A.T'.!

ABUTATENbHAA AKTUBHOCTb CETMEHTOB TOJICTO KMLLKW KPbICbI
nePn 1,2-aMMETUNTNAPASUH NHAYUNPOBAHHOM KAHLLEPOTEHE3E

Kanneporenes rtoncroit kumku (TK) conmpoBoxmaercs HapylieHueM ee MOTOPHO-
9BAKYaTOPHON (QYHKLMM, OOYC/IOBJIEHHON aKTMBHOCTBIO IVIQ[KOMBILIIEYHBIX KJIETOK,
VHTEPCTUIIAIbHBIX KIeTOK Kaxand M XONMHSPrudeckux HeEpPOHOB SHTEPAIbHO
HepBHOII cuctembl TK. ®usndeckne n xummdeckne GakTopbl KaHIlepOreHe3a MOTYT 13-
MEHATb CIHOHTAHHYI0 WM BBI3BAHHYIO AKTMBHOCTb BCEX Ha3BaHHBIX TUIIOB KIIETOK,
Hapywarb MOTOpHble cBoiicTBa TK u cmoco6cTBoBaTh Iporpeccy 3aboyeBaHMA.
Dusnonornyeckye MexaHM3Mbl 3TUX HapYILIEHMUIA, a TAK)Ke PO/Ib MOTOPHBIX HapyILEeHUIA
B pasButun paka TK (PTK) mano nsydensl. AfekBaTHON Mogenbio uccnefposanns PTK
yenoBeKa sABisgercs 1,2-nuMerwnruppasud (JMI)-MHAYIVpPOBaHHBIN KaHIlepOreHes
y Kpbic Wistar, mpy KOTOpPOM OITyXOJ/I/ pa3BMBAIOTCA NPEUMYILECTBEHHO B IMCTaIbHOM
orgene TK. Kpurepuem maMeHeHmiT aBUraTebHbIX cBONCTB TK sABIAeTcsas BenmudymHa
cokpaTtuTenpHol peakuun TK Ha MeguaTOp HEPBHBIX OKOHYAHMII IIAPACUMIIaTUYECKOI]
HepBHOI crctemsbl anetnnxonut (AI]X). Ilenpio Hamelr paboTsl ObUIO MCCIETOBaHME
COKPaTUTEJIbHON peaKLyy IPOKCUMAaIbHBIX M AUCTalbHbIX cerMeHToB TK Ha AIIX
npu IMI'-MHIyIMpOBaHHOM KaHIIEpOTreHe3e.

VI3y4anyu MOTOPHYIO aKTMBHOCTb BU3YaIbHO MOP(OIOTMYECK) He M3MEHEHHBIX CeT-
MeHTOB TK y IMI-MHAYIMpPOBaHHBIX KPbIC Yepe3 6 MecslleB MOC/Ie IepBOJ MHDbEKLINN
KaHIIepOT€HOM. [IBUTraTe/IbHYI0 aKTMBHOCTDb M30/IMPOBAaHHBIX 1010coK TK mccnenoBann
€X Vivo B M30MeTPUYECKMX YCTIOBUAX C UCIOIb30BaHMEM JIByXKaHA/IbHOM CUCTEMBI /A
HOAep>KaHMsI JKM3HECITOCOOHOCTY M30MPOBAaHHBIX OpraHoB ¢upmbl Biopac Systems
Inc. (CIIA). ITIpenaparsl TK nopsemmBanyu BepTukanbHO B pabodell kamepe 06beMOM
20 mi1, 3anonHeHHOIT pactBopoM Kpebca — Xenseneiita pH 7.4, T 37°C, npu moctosiH-
HOJI aspaumy aTMocepHbIM Bo3ayxoM. IIpn HaTspxenum npemnapaTtoB TK Harpyskoit
0,5 r B HampaB/IeHMM, TApPA/UIEIBHOM C/I0X0 IPOJO/IbHOM MYCKYIAaTypbl, IPOBOIVIIN
cTabummsanmio cokpaiieHuit B redenne 60 munyT. [Tocne perucrpanun ¢poHOBON ABU-
raTe/IbHOJ aKTMBHOCTU B pabouyio Kamepy fobasmsum pactBop ALIX. Koneunas xoH-
nentpauysa AIIX B kamepe cocramsma 10° M. 3anmch MexaHOTpaMM U aHaIU3 Iapa-
METPOB COKpAIlleHMiI IPOBOAMINCH C IOMoInpio mporpammbl AcqKnowledge 4.1.
(Biopac Systems Inc., CIIIA) m cTaHFapTHOTO MaTeMaTMYeCKOro aHalu3a Ha OCHOBe
kinaccuyeckont cratucrndeckoit pynkuyyu PERCENTILE (0.05). AnanusupoBanu MH-
IEKChI TOHYCA, aMIUIUTY/IbI ¥ YaCTOTBI COKpaTUTeNbHOM peakuyy Ha ALLX. VIHgekc BbI-

! Caukr-IleTepOyprckumit rocyaapcTBeHHbIT yHUuBepcuteT, Poccust, 199034, CaHkT-
I[Tetepbypr, YHUBEpCUTEeTCKasA Hab., 7-9.

2 Boenno-menuuunckas akagemus uMm. C. M. Kuposa, Poccust, 194044, Cankr-
ITerep6ypr, ymuua Axagemuka Jlebenesa, 6, mut. JK.



BMO/10T'MA U BUOSKOANO0TIMUA

YUC/AIM OTHOLIEHMEM IIOKasaTesls IOC/e BO3JENCTBUA K €ro 3HA4eHUIO IO BO3Jel-
crBus ALLX.

VccnemoBanue gBuraTenbHol akTuBHOCTH TK B KOHTpoOJle He BBIABUIO PasiINymii
B [TapaMeTpax COKpaTuTenbHoM peakumy Ha ALIX Mmexpay ee cermeHtamm. Y JIMI-
KPBIC HAaOTIOAIOCh 3HAUMMOe CHIDKEHME TOHyca COKpaTUTeNbHOI peakuuy Ha ALIX
CerMeHTOB AucTanbHOro orfena TK mo cpaBHeHMIO ¢ KOHTpoeM. AMIUIUTY[a COKpa-
TUTEIbHOI peakiyuy AucTanbHbIX cerMeHToB TK [IMI'-KpbIC OBITa JOCTOBEPHO BHILIIE,
a 9acTOTa HIDKE IO CPABHEHMIO C IIPOKCMMAIbHBIMU cerMeHTaMu. Hapymienne gura-
TEeJIbHON aKTMBHOCTY CETMEHTOB AMCTaIbHOTO oTHena TK MokeT OBITH crieficTBMEM
IpeuMYyIecTBeHHOTo (¢opMupoBaHusa onyxoneil B aToMm orpene TK y JMI-kpeic n
ABJAETCA NpoABneHueM rereporeHHoctu pasputud PTK npu IMI'-unpynupoBanHomM
KaHIleporeHese.

Knwouesvie cnosa: ToncTas KUIIKA, paK TOJNCTONM KUIIKMU, ABUTAaTe/IbHAsA aKTVBHOCTD,
1,2-puMeTuIrngpasyH, aleTUIXO/INH, Kpblca.

Paboma svinonnena npu nooodepicke I'panma PODI Ne 20-04-01050.
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butiokoBa O.B.}, Opnosa B.A.!, bypnakosckuit M.C.},
Tumonnn B.J1.}, Jlyrosa JI.A.', [Tagkuna M.B.!

NOBbILWEHWVE NPOAYKTUBHOCTW TPAHCTEHHbIX PACTEHU
C NICNONb30BAHMEM ABOMHOIO TEPMUHATOPA
B 3KCMPECCUOHHOW KACCETE

KiroyeBass TeHIEHINA COBPEMEHHOI (papMaKOIOIVMM — IIEPeXOf OT HU3KOMOJIEKY-
JISIPHBIX IIperapaToB K OeTKOBBIM (aHTUTeNA, aHTUTEHbI, IUTOKMUHBL, pepmeHTHI) [1].
VIX HpOMSBOACTBO CTalO PEHTA0eNbHO C IOSIBTIEHNEM TPAHCT€HHBIX OPTaHM3MOB-
IpOAYLIeHTOB. Yale BCero VMCHONB3YIOT OAKTepuil, APOXKKMU MO0 KYIbTYpbl KJIETOK
JKVBOTHBIX.

BbICOKMM IOTEHIIATIOM B KayecTBe IIPOAYLIeHTOB obmasjator pactenuA. Cpeay 1mo-
COB PaCTUTE/IbHBIX CUCTEM MOXXHO OTMETUTDb 9YKapMOTUYECKYI0 CUCTEMY SKCIIPeCCUI,
CaMyI0 HU3KYIO CTOMIMOCTD e[JIHUIIBI OMOMacChl, 61100€30I1aCHOCTD Y HaIi4ye MPOCThIX
U OTPabOTaHHBIX METOJOB reHeTN4ecKo TpaHcdopmanyn [2].

OpHaKo C MCIIONb30BaHMEM PAacTeHNII B KayeCcTBe IPOAYLIEHTOB PeKOMOMHAHTHBIX
0e/IKOB CBs3aH psf NMpoOjeM, KIIYeBOIl 13 KOTOPBIX ABJISAETCS HEBBICOKMII M HecTa-
OMIBbHBIIT YPOBEHb BBIXO/A OerKa.

OpHMM V3 M3BECTHBIX METOIOB IIOBBIIIEHMS YPOBHA BBIXOAa Oelka sBIAeTCsA 00b-
eIVIHEHJe B 9KCIPECCHOHHON KacceTe ABYX 1 6oree mpoMoTopoB. ITo nutepaTypHbIM
JlaHHBIM, JICIIO/Ib30BaH}e B TPAHCTEHE TaHJeMa TePMIHATOPOB TaK)Ke MPUBOAUT K yBe-
NUYEHNI0 IPOU3BOACTBA Lie/ieBoro Oenka. Tak, TaHgeM TepMmuHaTopoB 35ST-Tnos mos-
BOJIMJI YBE/INYUTD SKCIIPECCUIO LI€/IEBOTO TeHa B 18,4 pa3 Mo CpaBHEHUIO C OGHUM Tep-
muHaTopom NOS[3].

VHTepdepoH sABNAETCA IEpPCIEKTMBHBIM O€lIKOM [yId CUHTe3a B PacTEHMAX-
npopyueHTax. OH CIIOcOOeH IPOHMKATh Yepe3 CIM3UCTbIe 000TOYKY, YTO IIO3BOJISIET
paccMaTpuBaTh pacTeHMs, CMHTe3UpPYIOI/e JaHHBI 0e/ToK KaK “CbefloOHbIe IMYHOMO-
nynaropsl”. IlomyuMo atoro, uHTEpdEpOH HECTBYeT B MaJIbIX [J03aX, YTO TAKXKe BaXKHO
[P IPOU3BOJICTBE B PACTUTE/IBHBIX CUCTEMAX.

Ilna co3maHusA pacTeHMsA-BaKLMHBI OblTa B3siTa MOpKOBb (Daucus carota), Taxxke
Ha OCHOBe IIPOBEPEHHBIX paHee KOHCTPYKLWIT IJI1 CMHTe3a B PACTEHUAX ObIUYbEro
raMMa-MHTeppepoHa MerogoM Gateway OBUI CKOHCTPYMPOBAH BeKTOp i TpaHcdop-
Maluun, cofiepyKainii TangeM tepmuHaTopoB 35ST-Tnos.

! Cankr-Ilerep6yprckuit rocygapcTBeHHBINN YHUBepCuUTeT, Poccuiickas Oepgeparust, 199034, CaHkT-
[Tetep6ypr, YHuBepcurerckas Hab., 7-9.
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CxeMa 1ory4eHHOI BEKTOPHON KOHCTPYKLIMN:

Ori — OpUKIH peIUINKaLNL;

SmR - reH ycTo4MBOCTY K CIEKTHOMMULIVIHY;

LB - neBas rpanuna t/1HK;

RB - npasas rpanuna TITHK;

KanR - reH ycToitunBOCTY K KAHAMULIMHY;

p35S - mpomMoTOp BUpyca MO3aMKy IIBETHOI KaIlyCThl;

sIFNGdel - ykopoueHHBIiT CMHTeTUYeCKWIT TeH raMMa-uHTepdepoHa ObIKa;
t35S - TepMUHATOpP BMpPYyCa MO3aMKM LIBETHOI KaITyCTbl;

tNOS - repmunaTop Agrobacterium tumefaciens.

Cnucok nnTepaTtypbl

1. Burlakovskiy M. et al. The Structure of T-DNA Insertions in Transgenic Tobacco Plants Producing
Bovine Interferon-Gamma. Appl. Sci. 2022, 12, 761.

2. Pozos C.M.,, [leitneko E.B. Ctpareruy onTummsanyy CHTe3a peKOMOVHAHTHBIX O€/IKOB B PacTu-
Te/IbHBIX KJIeTKaX: K/IacCUYecKue IIOAXO0/bl ¥ HOBble HarpasneHus //MonekynapHas 6uonorus. — 2019. -
T.53.-Ne 2. - C. 179-199.

3. Diamos A.G., Mason H.S. Chimeric 3’flanking regions strongly enhance gene expression in plants
//Plant biotechnology journal. - 2018. - T. 16. - Ne 12. - C. 1971-1982.
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M.E. Bemmxannna'2, 10.B. Conosa'?,
I.A. Kanpguna', B.B. T'ocres*®, C.B.Cugopenko*

NONYYEHWUE HAMPABJIEHHOI JENELUNN
B FrEHE ®OCHPO0ANS3CTEPA3bI GDPP

BHeceHne HanpaB/IeHHbIX I3MEHEHNII B TEHOM SIB/IAETCA IMOJIE3HBIM MHCTPYMEHTOM
IpY VI3YYEHN MEXaHM3MOB yCTONYMBOCTY GaKTepuit K aHTuOmoTKaM. OFHAKO pefak-
TUPOBaHMe TeHOB TIPAMIIOJIOKUTETbHBIX BUMIOB, K KOTOPBIM OTHOCUTCA OaKTepus
Staphylococcus aureus, mpepcTaBiseT co60il HeTPUBUAIBHYIO 3afady. B janHOI pabore
HaM Y/Ia/IOCh ITOJTYYNTD Jie/IeliNIo B TeHe gdpP ¢ McIonb30BaHNeM CUCTEMBI, OCHOBAHHOI
Ha TOMOJIOTMYHOJ peKOMOMHauuyu, coBMelleHHON ¢ Cas9 OIocpefoBaHHOI KOHTp-
cenexkumeit [1].

B kavectBe Mmumenu 6bu1 BoIOpaH reH dpocdoamnacrepassl (gdpP). VI3BecTHO, 4TO My-
TalMy B KaTaIUTW4YeCKOM JoMeHe Oenka GdpP Moryr mpuBOAMTH K IOBBILIEHHON
YCTOMYMBOCTY K PAAY aHTUOVOTHMKOB, HO POJIb IPYTUX IOMEHOB JIO KOHIIA He M3yYeHa.
Takum 06pasoM LiesbIo TaHHOI PabOTHI ABJIAIOCH IIOTyYeHe HallpaB/IeHHOI Je/lelnu
JMHKepHOro y4yacTka 6enka GdpP 6e3 ciBura paMky CUMTBIBAHMSA, a TAKXe aHANIN3 ee
BIVSIHVA Ha QEHOTUII M YyBCTBUTE/IBHOCTD OakTepuu S. aureus K aHTUOMOTNKAM OeTa-
JTAKTaMHOTO psAJa.

B pabore 6bu1 Mcnonb3oBaH 1abopatopHblii mtaMM S. aureus RN4220 ¢ oTcyTcTBy-
IOLell CUCTeMON pecTpukumu-mMogudukanyy. Ero TpaHcdopMmmpoBanm BeKTOpoOM
pCN-EF2132tet, copmep>xamum reH pekom6munasel EF2132 6akrepum Enterococcus
faecalis. CnepyoomyM sTanioM OBUIO IONy4eHVE KOMIIETEHTHOV KY/IBTYPbI KJIETOK.
[lanee B GakTepuy BBOAVIN HOHOPHBI OMUTOHYKIeOTH (90 II. H.), CAY>Kaluil MaTpu-
1eit 1A peKOMOMHAIVIM, a TaK)Ke BeKTOP KOHTPCEe/IEeKINM, HeCYIVII ITOC/Ie0BaTe/IbHO-
cru Hanpassoweir PHK (sgRNA) u ren Hykreass! Cas9. O6e mmasMuibl cofepskanmu
TE€PMOYYBCTBUTENbHBIN OPUIDKMH PeIUIMKAalUM, YTO MO3BOIWIO 3/MMMMHUPOBATh 4y-
xepopnylo [JHK B panbHelmem anamuse. Bepudukaumio pesynbTaToB IIPOBOAVIIN
¢ nomoupio IIIIP 1 mocnexpyrolero CeKBeHMPOBaHMNA.

[Torry4eHHBI IITAMM MM JE/IENUI0 HEKaTAIUTUIECKOTO JOMEHa 6enka GdpP c 308
110 337 aMMHOKMC/IOTBI, OFHAKO HE MOKa3a/l 3HA4MMbIX OT/IMYMIL OT MCXOZHOTO MITaMMa

! Cankr-IleTepbyprckmit rocyfapcTBeHHbliT yHuBepcuteT, Poccuiickas Oepepanns, 199034, CaHkT-
ITetep6ypr, YuuBepcurerckas Hab., 7-9.

* Beepoccuiickmit Hay4HO-MCCIENOBATENbCKUI MHCTUTYT CENbCKOXO3AICTBEHHOM MUKPOOMOIOTHIL,
196608, Cankr-Ilerep6ypr, Poccus.

3 Cankr-Ilerepbyprekuit ¢pumman Vncrturyra obieit resernkyu um. H.J. BaBunosa, Cankr-Ilerepoypr,
Poccus.

* [leTcKmil HayIHO-KIMHUYEeCKNIT eHTp MH(PeKUnOHHbIX 60/e3Helt PeepaTbHOrO MeIMUKO-
6momormdeckoro areHTcTBa, 197022, Cankt-Iletepbypr, Poccus.

> CeBepo-3armajiHbIit TOCYJJapCTBEHHBIN MeIUIIVHCKII yHUBepcuTeT uM. VI.VI. Meunukosa, 194291,
Cauxkr-Ilerep6ypr, Poccus.
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B CKOPOCTM POCTA, YYBCTBUTEIBHOCTM K aHTMOMOTMKAM, a TAakKe B Ky/IbTYpaJbHO-
MOPQOIOTNYeCcKUX XapaKTepUCTUKAX KyIbTypsl [2].

Takum o6pasom, MbI ToKa3amt 3PPeKTUBHOCTD UCIIOb30BAH JBYXBEKTOPHOI CH-
CTeMbl pefJaKTUpOBaHMs TreHoMa Ha mramMme RN4220 6akrepun S. aureus. Kpome Toro,
MBI BBUIBMIN, YTO OTCYTCTBME NMHKEPHOTrO y4yacTKa 6enka GdpP He okasbpiBaeT Bius-
HYIA Ha QeHOTHII GaKTepuMil X MX YyBCTBUTETBHOCTD K aHTUOMOTHKAM.

Kntouesvle cno6a: reHOMHOE peJaKTUPOBaHVe, aHTMOMOTUKOPE3UCTEHTHOCTD,
Staphylococcus aureus.

Cnucok nuTepaTypbl

1. Penewit K., Holmes E.A., McLean K., Ren M., Waalkes A., Salipante S.J. Efficient and
scalable precision genome editing in Staphylococcus aureus through conditional recombineering
and CRISPR/Cas9-mediated counterselection // mBio. 2018 Feb. 20. 9(1).

2. Comnosa I0.B., Bemmxaunna MLE., Kanpguna JI.A., T'octes B.B., Yynxosa I1.C., Cynan
O.C., Cupopenxko C.B. Bnusuue fenenyy B HeKaTanutnieckom gomere gdpP Ha dpenorun
Staphylococcus aureus TOCpeiCTBOM HAaIIPaBJIEHHOTO FT€HOMHOTO PefaKTHPOBAHNUSA C TIOMOIIBIO
cucrembl CRISPR/Cas9 // I'enetruka. 2023. T. 59. Ne 9. C. 1094-1098.
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M.C. BumHeBckas', B.A. JlyxtaHos?

CKPbITbIE MOP®OJIOrMYECKUE MPU3HAKW Y BUA,0B-4BONHNKOB
HA MPUMEPE BABOYEK-ro/s1ypAHOK NOAPOAA
AGRODIAETUS (LEPIDOPTERA: LYCAENIDAE)

BrisiBlieHVe BUJOB-ABOVHMKOB PV IIOMOLIY IIUTOT€HETUYECKNX ¥ MOJIEKY/ISIPHBIX
MapKepoB yXKe [aBHO CTAJ0 HAyYHbIM TpeHAoM (cM., Hamp. [1-3]). Iloasnaromuecs
nyOIMKaInuy, OCHOBAaHHBIE HA MOJIEKY/ISIPHOI (UIOTeHEeTHKe, NEeMOHCTPUPYIOT Orpa-
HIYEHHOCTb TPAAMIMOHHO JCIIONb3yeMbIX MOPOIOrMYecKUX MOAXON0B B CUCTeMa-
tuke. Hampumep, B mHTepecylomeil Hac rpymnme 6a604eKk-rony0sSsHOK — IOApOfie
Agrodiaetus (Lepidoptera, Lycaenidae) - MHO>XeCTBO BUJOB OBIIO BBIABIIEHO Ha OCHOBE
IIUTOTeHETNYECKUX UM MOJIEKY/ISIPHBIX NPU3HAKOB (cM., Hamp. [1, 4-7]). BeisaBrienusie
IpY TIOMOINM METOJIOB MOJIEKY/ISPHOI (UIOT€HEeTUKY M LIMTOTeHETHKYU BUJIBI YacTO
Ha3bIBAIOT KPUTHPUIECKVMM, TaK KaK OHV He Pa3/INIuMbl 10 MOPPOTOTMYECKUM IpH-
3HakaM. OCHOBHas Macca KpUITHYECKUX BUJOB B moppone Agrodiaetus cocpefoToueHa
B TaK Ha3bIBaeMOM KOMIUIEKCeé MOHOMOP(HBIX BuIOB [4]. MHor1re Mopdonorndecku
UJIeHTUYHbIe BMUOBI KOMIUIEKCA OOMTAOT B CUMIIATPUV, IPU 3TOM He CKPEIIMBasACH.
B cBA3KM ¢ 3TMM BO3HUKaeT BOIPOC: KaKue MeXaHM3MbI CIIOCOOCTBYIOT NPe3UrOTHde-
CKOJI M30/IAIUY Y MOP(OIOTMYECKN CXOXKMX BUIOB B 9Toi1 rpymme? CorlacHo nmurepa-
TYPHBIM JaHHBIM M3BECTHO, YTO y Oy/IaBOYCHIX YeIIYeKPbUIBIX OKpAacKa U PUCYHOK KPBI-
JIbeB SIBJISIIOTCS TIABHBIM CUTHAJIOM JJIsI CAMOK IIpYU BbIOOpe KOHCIeny(puIHOro camia
B OpauHblil mepnop (cM., Hanp. [8-10]), B TO BpeMs Kak (epOMOHHAsA KOMMYHMKAIVIA
BropocTenenHa [11, 12]. Kpome Toro, cymjecTByloT paboThbl, SKCIEPUMEHTAIBHO IIOJ-
TBep K/AlolIVie, YTO HEKOTOpble 6ab0uky Ipu BbIOOpe KOHCHenydyKa OpUeHTUPYIOTCA
Ha OKPACKY KPbUIbEB, BUIUMYIO B yIbTpadoIeTOBON YacTy cekTpa [13, 14].

B HameM McCIemoBaHMM MBI JCIO/Ib30BaIM KOMIUIEKCHBI MOJIEKY/IAPHO-
LVITOTEHeTUYeCKMI1 TTOAXOJ /IS BBISABICHUS BUIOB-JBOVHUKOB B KOMIUIEKCE MOHO-
MOPQHBIX BUIOB, @ TAK)Ke MOIBITANCH BBLACHUTD, CYI[ECTBYIOT IV HEBUAUMBIE YeJIO-
BEYECKOMY IJIady IIaTTEPHbI B OKpacke KpBUIbEB Yy BUJIOB-IBOMHMKOB IIOApOAA
Agrodiaetus. [Ins aTvX 1enert ObIIM NOTy4eHbl CHUMKM KpbUibeB B Y ®-crektpe (UV).
B kauecTBe MCTOYHMKA yIbTpaduoneTa ObUIM MCIIOIb30BAHBI JIAMIIbI, MCIYCKAIOIIVe
cBeT JyIMHON BOMHBI 320-380 HM. O0BEKTUB ObIUI CHAOXEH (UIBTPOM, OTpPe3aroIINM
BuanMblii cekTp (ot 380 HM). Takum ob6paszom, oxBaTbiBaeMasi 00/1acTb ynbTpaduorne-
TOBOTO CBETa COBIIaflaJia ¢ MAaKCYMAJIbHON YYBCTBUTEIBHOCTBIO poTOperenTopos 6abo-
yek (360 HM).

Ha jaHHOM 9Tare HaM yanoch BBIABUTD CIeAyOLee:

! Cankr-IleTepbyprckumit rocyaapCcTBeHHbI yHUBepcnTeT, Poccuiickas ®egepauns, 199034, CaHkT-
ITerepbypr, YHUBepCuTeTCKasA Hab., 7-9.

2 300mornvecKkuit MHCTUTYT Poccuiickoit akagemny Hayk, Poccuiickaa @egepanns, 199034, CankT-
ITetep6ypr, YHUBepcurerckas Hab., 1.
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1) Kppinbs rony6siHok noppopna Agrodiaetus, B TOM 4uciie BUIOB MOHOMOPQHOTO
KOMIUIEKCa, 006/1alaloT BBICOKUM pasHoobpasuem UV-narrepHa. B panHux paborax yka-
3bIBAJIOCh OTCYTCTBMe Kakoro-nmu6o UV-marrepHa [5] y mpepcraButeneit MOHOMOPQ-
HOTO KOMIUIEKCA BUJIOB.

2) Boicokas rereporeHHOCTh B UV-nIaTTepHe HAOMIOAAETCS KaK MEXAY BUJAMU, TaK U
BHYTpM Bupia (cM. puc. 1).

3) Boicokas rereporeHHocTh B UV-mIaTTepHe BHYTPM BUJa He CBA3aHA C MECTOM 00U -
TaHysA. Tak, Ha puUCyHKe 1 IpeAcTaBUTeIM OFHOTO BMAa moppoaa Agrodiaetus [eMOH-
CTPUPYIOT pa3/Inuus B PUCYHKe He 3aBUCHMO OT TOTO, Ifie ObUIN COOpaHbI HACeKOMBIE.

4) CuMnaTpu4HO 0OMTAOIINEe TAKCOHBI IeMOHCTPUPYIOT pasnuuns B UV-maTrepHe y

60/IBIINHCTBA 0CO0EIL.

Puc. 1. dotorpacun ucnoma KpsUibeB mpefcTaButeneit Buna Polyommatus Agrodiaetus ripartii
B ynbTpaduoneroBoM crekrpe. Homepa L103-1106, L464-1466 cobpansl B Typiv; Homepa D085, D092,
D120, D144, D145, D249, D252, D257, D260, D291, D549, D551, D571 - cobpansl Ha Tepputopun bas-
KaHCKOTO IIOTyocTpoBa (IofipobHee 0 MecTax coopa Ha Teppuropun bankanckoro nomyocrposa cM. [7]).
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Knrouesuvie crnosa: BULBI-TBOMHNUKH, CKpBIThIE Mop(bonomqecxme MPU3HAKY, Agrodi-
aetus.

Pa6boma svinonuera Ha ob6opyoosaruu PI] IJKIT «Xpomac», Hayunwiii napx, CII6IY,
u omoenenus Kapuocucmemamuxu 3/{H PAH.
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I'mnés A.H.', Kapeunna K.A.', bepesuna E.A.!

MPOCTPAHCTBEHHAA CTPYKTYPA IPynn
CAVIAKOB (SAIGA TATARICA) B TPUPO/E

Y >KMBOTHBIX, BEAYIINX IPYIIIOBOI 00pa3 )XU3HM, CTPYKTypa ¥ OpraHM3aLusa coo6-
I[eCTB UI'PAIOT BXXHYIO POJIb B BBDKMBAHUM U pasMHOXEHUN. B cnydae pegkux u mcye-
3aI0IMX BU/OB OHMMaHIe OCOOEHHOCTEI COLMANbHON XU3HM KMBOTHBIX B MIPUPOJIE
MOXKeT MMeTb pelalee 3HaueHne A1 9PpPeKTUBHON MPUPOZOOXPAHHON TPAKTUKIA.
3HaHMA O COLMANbHOM ITOBEEHMM Caiiraka, Saiga tatarica — BUJA, HAXOAALIETOCA
Ha TPaHy BBIMMPAHNs, OYeHb OTpaHNYeHbl. MBI MCCIE0Ba/IM [TOTIOBO3PACTHYIO KaTero-
pMIO IEepBBIX 0CO0eil B TPYIIIIe, AVCTAHIMIO MEXAY 0COOSIMY B IlepefHell U MOC/Iefyo-
1[elt 3a Hell YacTsIX IPYIIIBI ¥ pacipefesieHne 0cobeil pa3HOTo MO/Ia ¥ BO3pacTa MEXXAY
PasHBIMU YaCTSAMU IPYIIIBL.

ITpoBenena ¢oTo- 1 BUAEOCHEMKA MepeMEIAOIMXCs IPYIIII CAiTaKoB B 3aKa3HUKe
«CrenHOI» ACTpaxaHCKOI 00/1acTV U3 CTAlMOHAPHBIX CKPAJIKOB 1 C HAOJII0[aTe/IbHOI
BBIIIKY B JIETHUI I OCEHHUII IEPUOIBL.

JletoM B 3HaYMTENbHOM OONBUIVMHCTBE IPYIII CAiTaKOB NEPBBIMU 0COOSAMM ObUIN
B3pOCIIble CaMKU ¢ geréHblmamu (x*(2) = 26, p < 0,001; n = 54), a oceHbI0 B OOIBLINH-
CTBe C/Iy4aeB MEepBBIMU JIBUTAMNCh MonoAble camubl (x*(3) = 28,3, p <0,001; n = 40).
Bonpexkn Hamieil rumotese M pesy/nbTaTaM JCCAESOBAaHMII APYIMX MJIEKOIMTAIOIIVX
(Teichroeb et al., 2015), B3pocble caMIibl He MPOSIB/IS/IM TEHAEHIMN 3aHUMATh JIUMIN-
pyolljee ONOXKeHMe B rpyiie. Kpome Toro, aHanmus pacrpezeneHyst B3pOCIbIX CaMIlOB
BHYTPY CMeEIIaHHBIX IPYIII [I0Ka3a/l, YTO OHM He IPEeAIIOUNTAIN HaXOAUThCS B IIEPBOIL
TPeTV TPYNIbI ¥ OBUIM NPUMEPHO IIOPOBHY paclipefie/ieHbl MeXJy IepefHell, LieH-
TpanbHON u 3apHeit e€ yactamu (x* Kpackema-Yommuca = 2,19, p =0,334, mocr-Tect
DSCE: p > 0,05). IIpennonaraercs, 410 Ha IepeHeM Kpae IPYIIIB 0COOM CTaTKMBAIOTCA
¢ OOJIBIIVIM PUCKOM HallafieHVs XUIHUKOB ¥ APYrMMMU yrpo3amu. B To >xe Bpems, me-
penHue 0coby MOTyT ObITH yCIEIIHee C TOYKM 3PEeHVs MUTAHUs, TaK KaK OHU paHblile
IPYTUX IOMTyYaloT BocTyn K miite (Bumann et al., 1997; Lingle, 2001).

Pesy/brat, IIOKa3aBILNIL, YTO JIETOM B3POC/Ible CAMKY Yallje BCETO SIBJISIIOTCS IePBbI-
MM 0CO0sIMU B TPYIIAX, COITIACYETCS C IPefCTaB/IeHMEeM O TOM, YTO OIBITHBIE CAMKIU
cajiraka OOBIYHO WTPAIOT PONb INAEPOB BO BpeMs mepemerennit rpymnmn (Cokonos,
JKnpHos, 1998). CxonHbIM 06pa3oM, B3pOC/ble CaMKy MOTYT OpaTh Ha cebsi posib nupe-
pOB B rpymmax oguyaBuyx yomazeit (Bourjade et al., 2015). Crout oT™MeTuTb, 4TO /11
HOATBEP>KJEHMsI PO/IM B3POCTIBIX CAMOK B KauecTBe JINjiepa, ONPeIe/sIOLIero JBYDKeHe
BCeJl IPYIIIbI, HEOOXOAMMO VICC/IEROBATD M APYTUe XapaKTePUCTUKN TTOBEIEeHVs TOMMI-
MO PacCIIO/IO>KeHNs Ha IepeJHeM Kpae IPYIIIIbL.

! Cankr-Ilerep6yprckuit rocyapcTBeHHBI YHUBepcuUTeT, Poccuiickas Oepeparust, 199034, CaHkT-
ITetep6ypr, YHuBepcurerckas Hab., 7-9.
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Mornozple caMIipl 1 caMKM (B BO3pacTe OKOJIO 4 MecALeB) JOCTOBEPHO Yallle JIBUTA-
UCh B TIEPBOJI TPeTU IPYIIIBL, YeM B IieHTpanbHOI U 3apHeit (Tect Kpackena-Yommca
X2 = 37,2 (camupl) u x* = 38,8 (camkn), p < 0,001, noct-Tect DSCF). 911 pesynprars! co-
[7IACYIOTCSL C IPEeBIAYIIMMI VCCIESOBAaHMAMM Ha [PYIUX BUJAX M/IEKOIMTAIOIIMX
(Hirsch, 2011). IIpennonaraercs, YT0 HECMOTPS Ha TO, YTO IE€PEIHMIT KPail MOXKeT OBbITh
Hayboee pUCKOBAaHHBIM IONOXKEHMEM, B C/Iydae C MOJIOABIMY JXVBOTHBIMM BBITOJIbI
OT IIPMOPUTETHOTO IOCTYIIA K IIMIIe MOTYT IlepeBeIlNBaTh ITOBBIIEHHbIT puck. Oce-
HBIO, KOTJja NNV CTAHOBUTCS Mo, BO3MOXKHOCTb JOOPATbCs 1O HETPOHYTHIX y4acT-
KOB TpPaBbl paHbllle APYTUX MOXKET VIMETb BaKHejllllee 3HaYeHNe J/IA PacTyIIUX MOJIO-
JIBIX >KUBOTHBIX.

Bspocrble camKu yaiiie HaOMIOANNCh B LIeHTPe, YeM B IIepefHell VI 3a/jHeil YacTu
rpymnsl (Tect Kpackena-Yommca x* = 36,3, p < 0,001, mocrrect DSCF). 9toT pesynbrar
coryacyercsi ¢ o0Iell TeHAeHIell caMOK Jiep>KaTbCsl OmyKe K ILIeHTPY TPYIIbI, 0OHa-
pyxeHHoi1 y gpyrux miekonnraomux (Hirsch, 2011; Teichroeb et al., 2015). bonpuma-
CTBO MCCTIEIOBaHNUII TOATBEPKAAIOT, YTO LIEHTPa/IbHOE MIOJIOXKEHNe ABJIIeTCs Hambosee
6e3omacHpIMU B rpymne. lleHTpanbHble 0COOM OOBIYHO TPATAT MeHbIle BpeMeHU Ou-
tenpHOCTh (Blanchard et al., 2008) u crankuBaoTCA ¢ MEHBIIMM PUCKOM HaIlafleHUs
xumHrkoB (Bumann et al., 1997; Lingle, 2001), yeM 0co6u 110 KpasiM TPYIIIIbL.

Hamm pesynbTaTbl IMOKa3amu, YTO PacCTOSIHUS MEXAY IEePBBIMU AECATHI0 0CO0sIMU
OB KOpOYe, YeM PACCTOSIHVSI MEXXIY BTOPBIMM IeCATHI0 0COOSIMM. DTU pasinyus Obl-
N CyllecTBeHHBIMM Kak sieroM (Mann-Whitney U = 1308, P = 0,005; megmana = 1,90
npoTus 2,20), Tak u ocenbio (Mans-YurHu U = 630, p = 0,005; meguana = 1,25 npoTtus
1,60). To ecTb, He3aBUCUMMO OT II0/IOBO3PACTHOTO COCTaBa IPYIIII M KaTeropuy ocoberi,
[IBUTABIINXCsI HEPBBIMI, Caliraky, HaXofsliyecs OmKe K IepefHeMY Kpawo TIPYIIIbI,
COXpaHsu 6o/iee KOPOTKME AUCTAHIUU MEXIY 0C00s MY, YeM 0cobu, pacrioiarasiime-
cs1 mo3aay Hux. boree KOpOTKyMe AMCTAHINM MEXAY OCOOSIMIM TUIIMYHBI IJIs TPYIIH >KN-
BOTHBIX B YCJIOBMSX IOBBIIIEHHON omacHocT (Bumann et al., 1997). Haxoxxpenue
OmyKe K COCeTHVMM >KMBOTHBIM, MOXKET CHVDKATb VHAVBMIYAIbHBIN PUCK CTATh JKepPT-
Boit xuiHuka (Hamilton, 1971). Caitrakm, gB>Kymmecs: 6/IM3KO K IepegHEMY Kpalo,
MOTYT IOAJiep>XXMBaTh 00Iee KOPOTKIE PACCTOSHMUA MEX/Y 0Co0sAMY, 4YTOOBI KOMIICH-
CHMPOBATh IOBBILIEHHbIE PUCKI, CBSI3aHHBIE C VX IIPOCTPAHCTBEHHBIM [IOI0O)KEHVIEM.
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Hemuposa M.A.', Kaparognaa H.IL.!, Bumasakos A.9.},
Korenko O.H.!, Octposcknit A.H.'

CUMBUNO3 BAKTEPU N LUKJTOCTOMHO MLLAHKW
PATINELLA VERRUCARIA

BaxTepnanbHble CMMOMO3bI YaCTO BCTPEYAIOTCA B PA3HBIX IPYIIIAX KMBOTHBIX Y MO-
TyT ObITh OO/MUraTHEIMY MM (akynbratuBHbIMU [1, 2]. ViccnenoBanue Takmux cumobuo-
TUYECKMX aCCOIIALMil U, B YaCTHOCTHU, 0OpasyeMbIX OaKTepualbHBIMM CUMOVOHTAMU
OMOJIOTMYeCK) aKTUBHBIX BTOPMYHBIX MeTa0OMNTOB, IpefCTaB/AeT 3HAYNTE/IbHbII VMH-
Tepec s GyHaMEHTANIbHOI HAaYKM M MeJUIVMHBL B 3TOM OTHOIIEHNMM OCOOBIiT MHTe-
pec IpefCTaB/sI0T co60i1 OaKkTepuanbHble CMMOMO3bI MITAHOK — BOJHBIX KOJIOHUAJIb-
HBIX ¢unbTpatopoB (tum Bryozoa) [3]. K HacTosImeMy BpeMeHM ONMCaHBI HECKOIBKO
CMMOMOTMYECKMX CUCTEM C ydacTueM MinaHok orpspa Cheilostomatida [4, 5, 6, 7], To-
I7ia KaK CBUETE/NbCTB O HAMM4MU OAKTEPUIi B IPEACTABUTENSX APYTUX OTPSJOB KO CUX
HIOp M3BeCTHO He ObU10. JlaHHOe MCCIefjloBaHMe MOCBAIIEHO N3YYeHNI0 OOHAPYXEHHO
HaMM CUMOVOTMYECKOII acconyanyy 6akrepuit u MiIaHok Patinella verrucaria us orps-
na Cyclostomatida.

IIpy momomy TPaHCMMUCCHOHHON 3/MEeKTPOHHON MUKPOCKONNM CUMOMOTHYECKUe
6akTepuy ogHOTO MopdoTuIa ObIIM OOHAPY>KEHBI KaK Y TNYMHOK, TaK ¥ B ayTO300M/IaX
KOJIOHUI P. verrucaria: y mepBbIX OHY pacIlONIaraloTcsi Ha IIOBEPXHOCTY ITa3MaTide-
CKOJI MeMOpaHbI KJIETOK IOKPOBOB MEXy MUKPOBWLAPHBIMI BBIPOCTAMH, Y BTOPBIX —
B IIMTOIIIa3Me 1[eJIOMOLIITOB, IEPUTOHEAIbHBIX KJIeTKaX KMIIEYHMKA, a TAK)Ke B TKAHAX
BecTHOyIIOMA.

C moMoLIbI0 MOJIEKY/IAPHBIX METOIOB U3 OaKTepuil, 0OHAPY>KEHHBIX Y IMYMHOK, ObI-
M TIONydYeHbl mocnefoBaTenbHOCTH 16S pPHK, KoTOopble coOTBeTCTBOBaMM pojaM
Pseudoalteromonas, Colwellia, a Taxxe cemerictBy Rhodobacteriaceae. B ganpHeiinem
3TV TIOC/IeOBAaTEeNIBHOCTY OBUIM VCIIONIb30BAaHBl MJIsI KOHCTPYMPOBAHUA TPYIII-
crienpMIHBIX OMUTOHYKIEOTUOB. Tak Kak Boimenenye [JTHK 6akrepwmit, accommmpo-
BaHHBIX C IOBEPXHOCTHIO TMIMHOK 00s513aTe/IbHO BJIEK/IO 3a coboii Boienenue [JHK ps-
Jla CPefOBBIX OaKTepuil, HaMy OBUIM IPOBENEHBI JOIIOTHUTEIbHbIE MCCIIETOBAHMS C Iie-
JIBIO IOATBEPK/ICHNA Y YTOUHEHNS IIOTy4eHHBIX Pe3y/IbTaTOB.

drryopecueHTpas in situ TMOpuaM3anusa ¢ sydbakTepyuanbHeIM 30HA0M Eub 338 mox-
TBepAyIa IPUCYTCTBYUE U YHOPSIOYEHHOE PACIIONIOXKeHMe OaKTepuil Ha MOBEPXHOCTU
mmauHOK  P. verrucaria. FISH ¢ onuronyximeotupamm, crenMpUYHBIMU IS POJOB
Pseudoalteromonas , Colwellia, a Tax>xe npencraButeneii cemerictBa Rhodobacteriaceae ,
MIMe/Ia ITOJIOXKUTE/IbHBIN Pe3y/IbTaT TOTBKO I POLOOAKTEPUIL.

! Cankr-Ilerep6yprckuit rocygapcTBeHHBIN YHUBepCuTeT, Poccurickas Oepgeparust, 199034, CaHkT-
[Tetep6ypr, YHuBepcurerckas Hab. 7/9.
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[Ipu saToM pyopecLieHTHBIN CUTHAI ObIT BUJIeH KaK Ha IOBEPXHOCTY JIMYVHOK, TaK
U B TKaHAX BeCTUOY/IIOMa ayTO300M/I0B.

Takum o6pasom, B Xxofie pabOThI HaM YJa/IOCh BBIABUTD HAINMYME IPOKAPMOTUIECKIX
CYMOVIOHTOB, YCTAaHOBUTD JIOKA/IM3ALMI0 OAKTepUIl, aCCOLVMPOBAHHBIX C TMYNHKAMU U
TKaHAMY KOJIOHUI LIVIKJIOCTOMHOM MIIAHKK P. verrucaria, a Tak>xe ONpefenuTb UX Cu-
CTeMaTUYeCKUII CTaTyC.

Kntouesvie cnosa: mmanky, Cyclostomatida, cumbmuoTtnaeckne 6akrepuin.
Paboma svinonuena npu noodepxuke eparma PH® 23-14-00351.
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NCCNELOBAHUA NNMXEHOBUNOTbI 3AKA3HUKA TNCUHCKIA
(MTEHUHTPAACKASA OBJIACTD)

T'ocymapcTBeHHDINT NPUPOSHBI KOMIUIGKCHBIN 3aka3HMK JIMCMHCKMIT ObUI CO3[jaH
B 1976 r. (Pemenmue..., 1976) Ha ocHOBe JIMCMHCKOTO Y4eOHO-OIBITHOTO JI€CXO03a.
Emé B 18 B. TeppUTOpMIO OTHOCM/IN K 3aIIOBEIHBIM KOpaOe/lbHBIM jiecaM, B HaCTOsIIee
BpeMs 3aKasHMK SABJsIeTcs y4eOHoI 6as3oil crapeiimero B Poccum mecHoro Bysa —
Cankrt-IleTepOyprckoro rocyapcTBeHHOTO JIECOTEXHNYIECKOro yHuBepcuteTa. OH pac-
IIOJIO>KEH B I0T0-3aIafiHOl YacTy TocHeHcKoro paitoHa JIeHMHrpaicKoit obmactu u 3a-
HuMaet miomanp 282.6 km* (Jlucuno, 2009). Teppuropus 3akasHMKa paBHUHHAS, IIpef-
CTaBJIsAET COOO0T THO [PEBHETO 03€PHO-TIEHMKOBOIO 6acceliHa, CI0XKEHHOE YeTBePTIY-
HBIMJ OT/IOKEHVAMM Vi TIOKPBITOE JIECHON 11 OOTIOTHOM PaCTUTENbHOCTBIO.

CnenuanbHble I POKOMACIITaOHbIE NMXEHONIOTUYECKIIEe VICCTIEIOBAHNA
Ha TeppuTopuy JIMCMHCKOTO 3aKa3HMKA paHee He IPOBOAIN. VICKIo4eHne cocTaBIsAeT
HeOOJIbIION 1Mo IUrowmanayu feHapapuit (3 ra), obcmemoBanubii H.B. Marsiiesoii
B 1994 r. Becero s meHppapus ObUIO ONYONIMKOBAaHO B COBPEMEHHOM IOHVMAaHUM
55 BumoB (MarbiiieBa, 1995), mogassoliee OOIBIINHCTBO U3 HUX — LHIMPOKO PacIpo-
CTpaHEHHbBIE SN PUTHDIE TNIIATHIKI.

Llenp HacTOAIIETO VICCTIEROBAHNA — BBIABUTD OMOpasHOOOpasye INIIAHUKOB U POJ-
CTBEHHBIX UM TIpUOOB 3aKasHMKa «/IMCMHCKMI», U3YYUTb UX CYOCTpAaTHOE ¥ OMOTOIN-
JecKoe pacrpefeneHne. Tepputopus 3akasHMKa 00C/IefoOBaHa aBTOPAMU B T€YEHNM I10-
NeBBIX ce30HOB 2022 u 2023 rr. KOMOMHMPOBAaHHBIM METOROM (MapLIPYTHBII METOJ
C 3aKJIJIKOJI BpeMEHHBIX NMPOOHBIX IIIOLIafeit). Bcero 610 3am0xeHO 1 00CIefOBaHO
58 BpeMeHHBIX OCHOBHBIX NPOOHBIX IIIOIIaziell U 14 jomnonHuTenbHbIX. [Ipo6HbIe 110-
A/ 3a/I0’KEHBI BO BCEX TUIIMYHBIX JIsI TEPPUTOPUM, A TAKXKe CIenMPIIecKnx cooo-
I[ecTBaX, 00CIel0BaHbl pa3HOOOpa3HbIe 3aHMMaeMble JTMIIATHIKaMI CyOCTpaThl.

Ha paHHBII MOMEHT yKe BBIABJICHO 216 BUIOB NMINATHUKOB U JMXE€HO(DWMIBHBIX
rpubOB, OJHAKO 3HAUMTEIbHAsI YacTb ITOJIEBBIX COOPOB elé HaXOAMUTCS B 0OpaboTKe.
Cpenn y>xe npeHTU(PUIVPOBAHHBIX BULOB €CTb PefIKIie B PETMOHe, YeThIpe BIJa 3aHe-
cenpl B Kpacuyto kunry Jlenmnrpazckoir obmactu (2018) u ogmu - B KpacHyro kHury
Poccun (2008), 16 BUEOB ABIAIOTCA VHAUKATOPHBIMY U CHELMATN3MPOBAHHBIMU BUJA-
MJ CTapOBO3PACTHBIX Ma/IOHApyLIeHHbIX /1ecoB Ha CeBepo-3anaje Espomerickoir Poc-
cun (AHzepccoH u fp., 2009). B psage cyyaeB MHAMKATOpPHBIE U CIIENVATM3MPOBAaHHbBIE
BUZIBI OBV OTMEYeHBI He Pa3pO3HEHHO, a B KOMIUIEKCe, YTO, B COYETAaHUM C ITapaMeT-
paMu IpeBOCTOS U BajieXka, CBUAETENIbCTBYeT O HA/IMYMU Ha 00CTIeJOBAaHHOI TepPPUTO-

! Cankr-Ilerep6yprckuit rocygapcTBeHHBINN YHUBepCuUTeT, Poccuiickas Oegeparust, 199034, CaHkr-
I[Terepbypr, YHUBEpCUTEeTCKasA Hab., 7-9.
2 JTabopaTopust muxeHonoruu 1 6puonornu boraundeckoro nacruryra B.JI. Komaposa PAH.
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PV YY9aCTKOB OVMOIOTMYECKN IIEHHBIX CTApPOBO3PACTHBIX JIecOB. o HammM oreHKaMm,
ob1iee pa3HOOOpasme TUIIANHUKOB ¥ POACTBEHHBIX MM TpUOOB 3aKasHMKa JIMCUMHCKMI
MoxxeT focturatb 280-300 BumoB. CyliecTBeHHOE YMC/IO BbIABIEHHBIX MECTOHAXO0X/ e-
HUIT 1 60/bIIIOe pa3HOOOpa3ue MHAVKATOPHBIX U CIEIaTN3POBaHHBIX BUIOB, a TaK-
’)Ke BUMIOB, 3aHeCEeHHBIX B KpacHble KHUTM, CBUJIETE/IbCTBYEeT O BBICOKOI INPUPOAO-
OXPAHHOJ LIEHHOCTM 3aKa3HMKA JIMCMHCKUI U ero 3HAYMMOCTU I COXPaHEHUS JIU-
xeHodopsl JleHuHrpazgckoit obmactu B 1eoM. OcoOyio IIeHHOCTb IpPefCTaBIsIOT
YJaCTKV CTapOBO3PACTHBIX C(ParHOBBIX €IbHMKOB, @ TAK)Ke XBOIHO-ME/IKO/MCTBEHHBIE
JIeca ¢ y4acTyeM CTapbIX OCUH, K KOTOPBIM IIPUYpOYeHbI BU/BI coobiectBa Lobarion.

Kntouesvie cnosa: muiaiiHuky, MuxeHobuora, 6mopasHoobpasue, 3akasHuk JIucuH-
ckmit, JleHMHTpaickas 06/1acTb.
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Kapernuxkosa E.C.!, Mapkos A.I'."?

SKCNPECCNA BENTKOB NTOTHbIX KOHTAKTOB B JIETOYHbIX
AMNTENNANBHBIX KNETOYHbIX TUMHNAX N B NETKNX KPbIC

OpHoIT 13 KITI0UeBBIX OCOOEHHOCTeT SIUTENNANTbHbBIX TKaHel AB/IsAeTcs GOpMUpOBa-
Hue 30H II0THBIX KoHTakTOB (I1K) Mexxpy xmerkamm. B cocras IIK BxopsaT TpaHcMeM-
OpaHHbBIe Oe/IKY ceMelICTBa K/Iay/yHa, OKK/IIOAVH U PsIJ| afJalITepPHBIX O€/IKOB, K KOTOPBIM
oTtHOCUTCSA 6enoK ZO-2. YpoBeHDb U CIeNV(PUIHOCTD MEXK/IETOYHON IIPOHUIIAeMOCTHI
SIMTE/NEB OIpefessieTcsl OeKaMy ceMeJiCTBa KIayfuHoB [1]. dnurenunu nerkux ¢op-
MUDPYIOT 6apbep MeXKAy BHYTPEHHEN Cpefioll OpraHu3Ma 1 BO3LyXOM, B CBSI3M C YEM B JIe-
TOYHOJ TKaHU IPEBANMPYIOT KIAyAVHbI, CHIKAIOLME MEeXKIETOUYHYI0 IPOHUIIA€MOCTD,
KIayavH-3, -4 n -18 [2].

OpHMM U3 IMPOKO MPUMEHAEMBIX B COBPEMEHHBIX HayYHBIX UCCIEJOBAHNAX TUIIOM
MoJieriel ABIAI0TCA K/IeTOYHble MHNUN. Ky/IbTuBMpOBaHme KJIeTOK in vitro crroco6Ho mo-
BIMATDH Ha IIPOTEKaIoLe B KIEeTKaX MPOIeCcChl M YPOBHM 9KCIIpecCuu reHoB. JIna mera-
JM3aLVY IIPOLECCOB, MPOMCXOAIMX B SIIUTENNAX K/I€TKAX JIETOYHOM TKaHM KPBbIC, B Ka-
4yecTBe MOJeNeil MCIOMb3yIOTCA KIeTOYHbIE IMHWUM, BbIJJe/IEHHbIE U3 JIETKUX KpbIc: L2,
R3/1 m RLE-6TN [3, 4]. CoBniafieHne niy HecOBIIafieHVe YPOBHEN 9KCIPECCUY TeHOB B
K/I€TOYHBIX TMHUAX C yPOBHAMM 3KCIIPECCUM STUX T€HOB B TKaHM, C OJJHOV CTOPOHBI, I10-
Ka3bIBaeT CXOJHOCTD IPOL[€CCOB, IPOTEKAIOLX B K/IETKAX, a C IPYTOJl CTOPOHbI, pasyn-
Y11 MEXY KJIETOYHOJ JIMHYEI ¥ TKaHbI0 HeOOXOAVIMO YIUTBIBATD IIPU MHTEPIIPETALIIN
pe3y/IbTaTOB MCCIefloBaHMIL. B HacTosee BpeMs JaHHBIE 00 YPOBHAX 9KCIIpeccuu Oer-
koB IIK B snuTenanbHbIX KJIE€TOYHBIX IMHNUAX TETKUX KpaliHe OTpaHNY€EHBbI.

[lenblo MccnenoBanus OblIa CpaBHUTE/IbHAS OL[eHKa YpOBHeil aKcrpeccuu 6enkos ITK
(xmaypuH-3, -4, -18, ZO-2 ¥ OKK/ITIOAVH) B SNINTEINAIbHBIX KIETOUYHBIX JIMHUAX, BbIJe-
TIEHHBIX U3 jeTKux Kpbic, L2, R3/1 n RLE-6TN, a Taxke comocraBieHye IOTy4eHHbIX
JIAaHHBIX C YPOBHAMM 9KCIIPECCUM ITUX OE/TKOB B JIETKUX KPBIC.

Knerounsre muuuu L2 u RLE-6TN 6put1 nonmy4yeHbsl 13 AMEPUKAHCKOI KOJUIEKIMN
TunoBbIx Kynbtyp (ATCC, Manaccac, CIITA); muuns R3/1 [5] 6b11a mpeocTaBieHa mpo-
¢deccopom M. Kacnepom (Texumuecknit yunsepcurer JIpesnena, ['epmanns). Kynprusu-
poBaHMe KneTouHbIX muHMit L2, R3/1 n RLE-6TN nposoaunioch B KyJIbTypanbHOIL cpefie
DMEM/E-12 (Gibco, Invitrogen, CIIIA) ¢ 10% sM6pnoHaIbHOI TeNsgubell CBIBOPOTKOIA,
nexnuyumHoM 100 En/mn u crpenrromuniaom 100 mxr/mi (Gibeo, Invitrogen, CIIIA).
Knerounsle muuuy BeipamyBamm npu 37 °C B yB/Ia)KHEHHOM CTEPUIbHOM BO3[IyXe C J0-
6aBnennem CO, o 5 %.

! Cankr-IleTepbyprckumit rocyaapCcTBeHHbI yHUBepcnTeT, Poccuiickas ®egepauns, 199034, CaHKT-
ITerepbypr, YHUBepCuTeTCKasA Hab., 7-9.

2 Wucturyr pusuonorun um. V.II. ITasnosa PAH, Poccuitckas @eneparys, 199034, CaHKT—HeTep6ypr,
Ha6. Makaposa, f. 6.
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Kpbicer Bucrap maccoit tema 200-250 r ObI1M B3SITHI U3 BUBAPUsI, T/ie COIEPKANNCh
CO CMEHOJI 12-9acOBBIX MIEPUO0B OCBEIIEHHOCTY ¥ TEMHOTBI IIPY IOCTOSIHHOM JOCTYIIE
K kopMy 1 Boge ad libitum. OBranasus gy 3a6opa 06pasI[oB IETOYHOI TKAHM BBIIIOIHA-
J1IaCh BHYTPMMBIIIEYHBIM BBefleH/eM 30/IeTV/Ia Y KCY/IasuIa.

Boipenenne PHK, ee ouncrka ot npumecu JTHK u o6paTHast TpaHCKpUIILus ObUIN BBI-
HOJTHeHbl ¢ moMmoibilo HabopoB peqGOLD Total RNA (PeqLab, VWR, l'epmanns),
DNase I digestion kit (PeqLab, VWR, I'epmanns) u qScript cDNA SuperMix (qScript,
Quanta BioSciences, CIIIA), cooTBeTcTBeHHO. []/11 IpOBeeHMs KOMMYECTBEHHO IO/ -
MepasHoii ernrHol peakiyy (KIIL]P) 6pi1 nconbsosan Habop GoTaq qPCR MasterMix
(Promega, Mapucon, CIIIA). KomuectBenHnas I11]P 6pu1a BeIonHeHa Ha aMInTaduKa-
tope iCycler iQ Real-Time PCR Detection System (Bio-Rad, CIIIA). Yposun MPHK B 06-
pasLax ObUIV pacCYNTaHBI HA OCHOBAHUY IIOPOTOBBIX LIMK/IOB MICC/IEOBAaHHBIX MapKePOB
¥ IOPOTOBBIX IMKJIOB OeTa-aKTMHA, KaK reHa ¢ peepeHCHbIM YPOBHEM 3KCIIPECCHUIL.

Cratuctnyeckast 06paboTKa JaHHBIX ObITa BBIIIOJTHEHA C IIOMOIIBIO IPOTPAMMHOTO
obecnieuennst Microsoft Excel professional version 2016 u Prism 8 for Windows Version
8.2.1 (441), GraphPad Software. CraTucrudeckas JJOCTOBEPHOCTb PasIN4uii MEeX/Y UC-
CIeflyeMbIMU TpyIIaMy ObUIa OIIpefie/ieHa C IIOMOIbI0 OHO(AKTOPHOTO AVMCIEPCUOH-
HOTO aHa/IM3a ¢ TONpaBKoii ThIoKN. Y poBeHb 3HAUMMOCTH P < 0.05 6bUI IPMHAT KaK CTa-
TUCTUYECKY 3HAUMMBIIL.

Puc. 1. YpoBHU sKcnpeccun KnayuHa-3, KiayauHa-4, KnayanHa-18, ZO-2 1 OKK/II0MHA B KJIETOYHbIX
muHysx L2, R3/1 u RLE-6TN, a TakXe B 7IerOYHOI TKaHM KpbIC. [JaHHbIE IIpe/iCTaB/IeHbl B BUJIE CPEJHETO
U CTAHJAPTHOI OIMOKY cpenHero. * p < 0.05, ** p < 0.01, *** p < 0.001. Ludpsl B 0ocHOBaHNHM CTONOI[OB
YKasbIBAIOT Ha KOJIMYECTBO HE3aBUCUMBIX TOBTOPEHN (n).
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B nccnepoBanuy BriepBbie ObUIM ONpefeneHsl ypoBHM aKcrpeccun 6enkos IIK (kra-
yanHa-3, -4, -18, ZO-2 n OKK/IIofjHA) B SIINTe/INAIbHBIX KIeTOYHBIX MMHMAX L2, R3/1 n
RLE-6TN (puc. 1). BiepBbie 66110 TpoBefieHo conocrasienne yposHeit MPHK nccreno-
BaHHBIX 0€/IKOB MEX/y TKaHbIO JIETKMX VM K/ICTOYHBIMM MVHMUAMY. CpaBHEeHVEe YPOBHe
akcnpeccun 6enkoB 1K MeXxmy KaeTOYHBIMU MTMHUAMU IOKa3ajo, 4yTo ypoBHUM MPHK
KIayfuHa-3, -4, -18 u ZO-2 npubmmsuTenbHO Ha [Ba MOPAIKA, @ OKK/TIO[VHA — Ha YeThIpe
nopsipka Bbiile B ki1erouHoit muHuM RLE-6TN no cpaBHeHmio ¢ mmauamu L2 u R3/1.
Comnocrasnenne ypoBHeit MPHK nccnenoBaHHBIX 6€/IKOB B JIETKVMX C YPOBHSMH B KITe-
TOYHBIX /IMHVAX BBIABIIIO, YTO B JIETKVX YPOBHM K/IayAyHa-3 1 -4 6o1ee, 4eM Ha TpY IO-
pAfiKa, a KIayuHa-18 6oee, 4eM Ha 4eThIpe MOPAAKA BBIIIE, YeM B KJIETOYHBIX INHIIAX.
YpoBun sxcnpeccun ZO-2 ¥ OKKITIOAMHA OBUIM JIOCTOBEPHO BBIIIE B TKAHY JIETKOTO
1o cpaBHeHnIo ¢ ypoBHaAMYU MPHK aTnx 6en1koB B kinerkax RLE-6TN, Ho nMmeromuecs ot-
M4y ObUIN B TIpefiefiax OJHOTO MOopsfKa. B To BpeMs Kak pasHuIla MeXAy YPOBHAMMU
MPHK B yerkux n xrerounsix mmayAx L2 u R3/1 cocraBnina npubmmsnTebHO oBa U de-
ThIpe nopsAaKa st ZO-2 1 OKKIIOINHA, COOTBETCTBEHHO.

Taxum 06pa3om, IoydYeHHble JaHHbIe TI0KA3a/lIN, YTO B K/IETOYHBIX MMHMAX L2, R3/1
u RLE-6TN coxpansiercs akcnpeccus 6enkos 11K, 6e1k0B XapaKTepHbIX /I SIIUTENN-
aJIbHBIX TKaHe, YTO IO03BOJIAET UCIIOIb30BATh ST K/IETOYHbIE IMHWY JI/I USYIEHMs pas-
JINYHBIX BO3JEVICTBUI Ha YPOBHY 9KCIIPECCUM ITUX OETKOB, OFJHAKO HEOOXOAVIMO YUUThI-
BaTb CHIDKEHJE TPAHCKPUIILMOHHBIX YPOBHeENl 3TUX O€/KOB B KIETOYHBIX JIMHMAX
II0 CPAaBHEHMIO C TKaHbIO JIETKOTO.

Knwuesuvie cnosa: JIETKNE, KJIIETOYHAasA JIMHINA, ITIOTHbIE KOHTAKTBI, K/IAyAVH, OKKIIIO-
[VH, SKCIIpeccusd.

Paboma svinonuera npu noooepixe epanma PHO 23-25-00556.
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Kupnmnos O.A.', Axmapos VL.I.!, Ynpunckaiite A.B.',
Comnosa 10.B.!, Jleonosa E.J1.!

CO34AHUE CUCTEMbI ANA TKAHECNELN®UYHOW 3KCMPECCUU
CEHCOPA HAMPS)XEHWA POSITRON Y TPAHCTEHHbIX MbILUEIA

drryopeciieHTHBIE TeHEeTUYeCKY KOAVPyeMble MHANKATOPbl MeMOPaHHOTO IOTeHIINA-
na (F’KVMMII) mo3BOAT OfHOBPEMEHHO PETVICTPUPOBATD NIEKTPUIECKYI0 aKTUBHOCTD
60JIbIIOTO KOMYEeCTBA HEMIPOHOB C BBICOKMM IIPOCTPAHCTBEHHBIM paspelleHNeM U MU-
HUMajIbHOI MHBasuBHOCTHIO (J. Platisa and V.A. Pieribone, 2018). ingukartop Positron
IpefCTaB/IsAeT cO00J TMOPUAHBIA 6€/TOK, YCIEIIHO COYeTAIOUINMiI BBICOKYI0 YYBCTBM-
TETBHOCTb MUKPOOHBIX POTXONCHHOB (Ace2) ¢ IpKOCThIO U1 (POTOCTaOMIBHOCTBIO XM -
YeCcKUX Kpacuresneii, cssbiBalomyxcsa ¢ gomeHoMm HaloTag (A.S. Abdelfattah et al,
2020). MexaHu3M ero paboTsl OCHOBAaH Ha I3MEHEHUY CIIEKTpPa MOIIOIeHNsT POJOTICH -
Ha IIpYU MOJIApU3aIuy/Ieno/Apusanuy MeMOpaHbl. B aToM ciydae pofoIncuH BbICTyIIA-
eT B KauecTBe «TacuTeysi» (IyopeceHIuy 3a cueT PEPCTepOBCKOrO Pe30HAHCHOTO IIe-
peHoca sHepruu (A. S. Abdelfattah et al, 2020).

Jloxyc ROSA26, pacronoKeHHBbIl Ha 6 XpPOMOCOMe, TPAaHCKpUOUpyeTcs B 60/IbIINH-
CTBe TKaHell MbllIN, ofiHaKo cuHTesupyeMas PHK nanee He Tpancinupyerca. 9ToT moKyc
9aCTO JMCIIO/Ib3YeTCs /ISl HAlIPAaB/IEHHBIX BCTABOK B T€HOM, IIOCKOJIBKY OBUIO ITOKa3aHOo,
YTO MHTErpalys TPAHCTeHA B 9TOT JIOKYC He IPUBOAUT K HeOIaronpuATHBIM IIOC/IE]-
CTBUAM U IO3BONIsAeT obecneunth 3ddexTuBHYI 9Kcnpeccuio BcraBkyu (B.P. Zam-
browicz et al, 1997). B Tom cny4ae, ecnn Tpebyercs obecrieuntsb Cre-3aBUCUMYIO TKaHe-
crienieUYHYI0 aKTUBAIMIO TPAHCI€HA, MCIIOIB3YIOT AOIOMHNUTE/IbHBIE CTON-KAacCeThl,
¢dbnankuposannble caiitamu loxP (Abe T. et al, 2020).

Hamu 61111 co3jaHbl KOHCTPYKLIMM, TTO3BOJIAIOIINE C/Ie/IaTh HAIIPAB/IEHHYIO BCTABKY
reHa Positron B moxyc ROSA26. [Ins aToro nociefoBaTeNnbHOCTD reHa Positron 6bi1a co-
6pana de novo MeTof[OM ITO/IIMEPA3HOI LIEITHON peakiuy U3 22 map 4acTU4YHO Iepe-
KPBIBAIOIIMXCS ONIUTOHYK/IeOTUHOB. [ToydeHHBII B pe3ynbraTe pparMeHT ObII KIOHM-
posaH B BekTOp pJET1.2 u cexBenupoBaH. [lanee Mbl IpoBen BCTPOIKY reHa Positron
B BekTOp pR26-H2B-EGFP HR (Abe T. et al, 2020) u nonyunnu Bektop pR26-Positron
HR, copmep>xammit mmociefoBaTe/IbHOCTb TeHa Positron, ¢praHKMpoBaHHYIO (pparMeHTa-
Mu nokyca ROSA26. VInTerpauys 3Toil KOHCTPYKIMM B XPOMOCOMHYIO KOIIMIO JTOKycCa
ROSA26 no ydactkam romosioruy OymeT NMPUBOAUTH K KOHCTUTYTUBHO 3KCIIPeCcCUn
reHa Positron B KleTKaX TpaHCTeHHOI Mblly. Takxe Mbl BcTpounu reH Positron B Bek-
top pR26 CAG/GFP Asc (Chu V.T. et al, 2016) m mnomyummm Bektop pR26
CAG/Positron. OTOT BEKTOp TaK)Ke cofep>kal IOC/IefoBaTe/IbHOCTb reHa Positron,
¢nankupoBaHHylo ¢parMeHTamMn jokyca ROSA26, omHako &I SKCIpeccuu TreHa

! Cankr-Ilerep6yprckuit rocysapCcTBeHHBINN YHUBepCuTeT, Poccuiickas Oepgeparust, 199034, CaHkT-
[Tetep6ypr, YHuBepcurerckas Hab., 7-9, LIeHTp TpaHcreHesa 1 pelaKTMPOBaHNA TeHOMA.
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Positron B 3TOM C/Ty4ae HeOOXOIVMMO yZia/IeHVie HEOMIIIMHOBOJ CTOI-KAacCeThl, IaHKI-
poBaHHoOI1 caiitamu loxP. Vcrionb3oBaHMe TPaHCTEHHBIX MBIIIE, HECYIVIX I'eH PeKOM-
6uHaspl Cre IO KOHTPOJIEM IIPOMOTOpPa HepOH-crien(pUIHON eHOoassl, AIA CKpe-
IIMBaHMA C MbIIIaM¥, HECYIIVIMI VHTEITPUPOBAaHHBIN B TOKyCc ROSA26 ren Positron u
CTOII-KacCeTy, IO3BO/IAT IOYYUTh B IIEPBOM ITIOKOJIEHMY MBIILEN, Y KOTOPbIX reH Posi-
tron sKcnpeccupyercs TONbKO B HEMIpOHAX FOJIOBHOTO MO3Ta.

Kniouesvie cnosa: Positron, nokyc ROSA26, Cre-omnocpeioBaHHas1 9KCIIpeccusl.

Paboma svimonnena npu noodepicke eparma CII6I'Y ID 95445540.
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Kopsees A.J1.!

COMNOCTABJ/IEHVE 3BOJIIOLNWN CKEJIETHO-MbILUEYHO CUCTEMBI
FEHATATINIA CAMLLOB NOATPUEbLI POLYOMMATINA
(LEPIDOPTERA, LYCAENIDAE) CTAPOI'O N1 HOBOI'O CBETA

[To xXopomo mopfep>XaHHO! U XPOHONIOIMYECKM OTKa/IMOpoBaHHON (uuioreHnu,
IpolBeTaolell HeiHe MoATpuOe! Polyommatina (Vila et al., 2011; Talavera et al., 2013),
9TOT TAKCOH IPeJCTaB/IeH ABYMs CECTPMHCKMMIU KIaJlaMM, OffHA 13 KOTOPBIX IIPeACTaB-
nser ¢ayny HOxHoi AMmepukn. BpeMs fuBepreHunu HeOTPOIMYECKOI Y TONIAPKTIIYe-
CKOJI KJIaJ] COCTaB/IsI€T OpMEHTMPOBOYHO 13,5 MH neT. ConocTaBuB IPU3HAKU CTpOe-
HUA TeHUTA/INI TOIAPKTIYECKON 1 HeoTponmdeckoit Kmag Polyommatina, mbl ycrano-
BIIV O>KMIAEMYIO VIIEHTUYHOCTD MX VICXOJHOTO IUIaHa CTPOEHNs, BKII0Yas paclierie-
HIle PeTPaKTOPOB 3fiearyca Ha 2 CaMOCTOATEIbHBIX MYCKy/Ta. Y BTOPMYHOJ MBIIIIIBI
IPOU3OLIIO IIepeMellleHIie MeCTa ee OTXOX/EHV C BEHTPAIbHOI 00/1aCTV TeHUTA/IbHO-
r0 CerMeHTa, C BUHKY/IYMa, Ha €ro JOpCalbHYI 001acTh — TeryMmeH. Kpome Toro, kak
Y HEOTPONMYECKNX BMIOB, TaK ¥ y TOMAPKTUYECKUX STU MBILIIBI IIPUKPEIUITIOTCA
K KPBUIOBUTHBIM OTPOCTKaM 3fiearyca B ero cpepHeit o6mactu. Ha mporsxennn
13,5 MJIH /IeT B HEOTPOIIMYECKOIl K/Iajie B OCOOEHHOCTSX MPUKPEIIEHNsT BTOPUYHBIX
PeTpaKkTOpOB 9fiearyca MpOM3OLUIN yHVKAJIbHble V3MeHeHMs. TaK, y MCClIelOBaHHBIX
Hamy BupioB popa Hemiargus (H. hanno u H. ramon) 6bU10 00Hapy>XeHO YHMKaTbHOE
HepeMelleHye MeCTa IPUKPEIUIeHNsI BTOPUYHBIX PeTPAKTOPOB afearyca m7(6)b ¢ kpbl-
JIOBU/IHBIX OTPOCTKOB 9jlearyca Ha YHUKaJbHbIe CTPYKTYPBI (sagum), pacloo>KeHHbIe
Ha aHe/UTyce MeXXy BepIliMHaMM I0KCTbI ¥ KPbIOBUIHBIMY BRIPOCTaMM 9fjearyca. Bapu-
aHTBI caryMa BIlepBble ObIIM M300pakeHs! 1 onycanbl B.B. HaboxoBbiM (1945) B pope
Pseudolucia, a Tarxoke B MoHOGwmIeTndeckoi rpymne pomos Cyclargus, Echinargus n
Hemiargus. Y4uTbIBasi 3Ha4YMTebHOE yCUIEHME CKIEPOTHU3ALNM CaryMa B IPYIUX O/1us-
Kux Kk Hemiargus popax, MOXXHO IIpefBapUTe/IbHO 3KCTPAIIOIMPOBATh NOKOOHOE IIepe-
MelneHue m7(6)b 1 Ha ocTanbHbIe BApUAHTHI ero NpucyrcTus. [Ipu aTom passutne ca-
ryMa BHYTpPU I0)KHOAMEPUKAHCKUX POJOB HEOTpommdeckoi moarpu6sl Polyommatina
IIPOTEKAJIO TTapPaJIIeTbHO.

Panee Ha 6o0/bLIOM MaTepyane OBUIO YCTAHOBJIEHO, YTO BHYTPU IIa/leapKTUYECKO
noaTpu6sl Polyommatina B TeyeHue mpumepHo 13,5 MJIH jIeT IPOM3OLUIO paclierie-
HIIe VHTPaBaIbBAPHBIX MBIIIII, t15(7), Ha 2 aHTaTOHUCTUYECKNX MBIIIEYHBIX IIy4YKa, 3a-
XBaTyUBIIee MOYTY BeChb COCTAaB TOMAPKTUYeCKUX ponoB (CTeKoNbHUKOB M ap, 2013).
Taxke u B HeoTpommdeckoit BeTBu Polyommatina oOHapyxeHO paclelieHue BHYT-
PEHHUX MBIII] BajIbB, B pofax Itylos u Nabokovia. B ocTapHBIX MICC/IeJOBaHHBIX B 9TOM

! CankT-IleTepOyprckumit rocyaapcTBeHHbI yHUBepcnTeT, Poccuiickas ®enepanns, 199034, CaHKT-
ITerepbypr, YuuBepcurerckas Hab., 7-9.
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OTHOIIEHUM I0XXHOAMEPUKAHCKMX pofiaX, u Hemiargus, coxpaHseTcs aHIleCTpanbHOe
JUIA TOATPUOBI OIIEpeYHOe PACIIONOXKEHME eIMHOTO MBILIEYHOTO IIIACTa.

Takum o6pasom, B HeoTponmdeckux Polyommatina ycTaHOBIEHO YHUKanbHOe
YCTIO>KHEeHNMe XapaKTepa IPUKpeIUIeHNs BTOPUYHBIX PeTPaKTOpoB afearyca [1]. Ycra-
HOBJICHO IIapa/Ie/IbHOE Y He3aBUCUMOe paclliell/IeHlie MHTPaBa/bBapHBIX MBIIIIL B 06e-
ux 6uoreorpaduyuecknx BeTBsx [2]. IIpukpenienne oCTaTbHBIX MBIIIL Y HUX MAEHTUY-
Ho [3].

B kayecTBe ImpuMepa IapasUie/IbHbIX U3MEHEHMII CKeJIETHBIX CTPYKTYP MOXKHO IIPH-
BECT) He3aBUCUMOE BO3HUKHOBEHNE 3yOLI0B pa3/IMYHON BeNYMHbI, (POPMBI U KOJINYe-
CTBa Ha JOPCATbHBIX OTPOCTKAX BambB y romapkrnieckux (Kopsees, CTeKOIbHUKOB,
2016) u y HeoTpommyeckux BupoB Polyommatina (Nabokov, 1945). ABrop riay6oko
6narogapen corpynHukaM CaHKT-IleTepOyprckoro yHMBepCcUTeTa, IepefaBIIMM TOIY-
OsHOK JI/I1 aHATOMUYECKVX MCCIIeTOBAHMIL.

Knwuesuvie cnosa: YEHIyEKPbIIbIE, 3BOTIONNA, CPABHUTEIbHAA MOp(l)O}IOI‘I/I}I.

Paboma ewnonnena npu dunarcosoti noddepyke Poccuiickozo gonoa ¢pyHoamen-
manvHuix uccnedosanuti (npoexm 18-04-00312-a).
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Kounesa A.A.', Konosanosa C.IL},
Mycuenko I1.E."*?, 'epacumona E.B.!

NCCNEALOBAHUE TAKTU/IbHOI N TEMMNEPATYPHON
YYBCTBUTE/IbHOCTU HA HUTPOT TULLEPMHOBOI MOAEN
MUTPEHN Y KPbIC WT U DAT-HET

MurpeHb SAB/Is€TCA OJHMUM U3 CaMbIX PacIpOCTPAaHEHHBIX HEBPOIOTMYECKNUX 3a00rte-
BaHUII y YeTI0BeKa, XapaKTepU3YIOLIasiCs MPUCTYIaMM F'OIOBHOI 60/, IPOJOKUTENb-
HOCTBIO OT 4 110 72 4acoB. bblsa mokasaHa po/ib CEpOTOHMHIPTUYECKOI CUCTEMBI B pas-
BUTUY JAHHOTO 3a00JIeBaHNA, OJHAKO HEKOTOpBbIe CUMITOMBI MUTPEHM MOTYT OBITH
cBsA3aHbI ¢ AucdyHKUMeln cucreMbl fodamuna. KnnHngeckne yccnenoBanns IOKas3amm
IOBBIIIEH)e YPOBHA fodaMIHa B KPOBU y MaleHToB ¢ Murpenbio (Gruber H.J., 2010).
Ina usydennsa pomu pgodaMyHa ObUIO BHIOpAHO ABe T'PYIIIBI XXVBOTHBIX: AVIKVI THUII
(WT, n = 9) 1 rerepo3uroTsl 1o HoKayTy Tpancrnoprepa fopammua (DAT-HET, n = 10).
[na MopenMpoBaHMA XPOHMYECKON MUTPEHM KpbicaM BHYTPUOPIOLIIMHHO BBOAVIIN
Hutpornuueput (HTT) 10 mr/kr pas B 2 g4, Bcero 5 ykonos. Yepes 10, 70 u 130 MuHyT
nocne 1, 3 u 5 ykona HTT oneHmBanu noporu TaKTMIbHONM 4yBCTBUTE/IbHOCTY IUIAH-
TAapHOJ 30HBI 3a/IHUX JIAIl C MCHO/Mb30oBaHueM HuUTell Pon Ppesa. PoHOBbIE 3HAYECHUA
TaKTWIbHOJ YyBCTBUTeNbHOCTY 3agHux namn (qo HTT) cratmcTiyeckn He OTIMYAIOTCA
y rpymn WT (0.05+0.001 r) m DAT-HET (0.045+0.007 1), BCe moC/IeAyoue 3Ha4eHN
TaKTWIbHOJ YyBCTBUTETBHOCTU CpPaBHUBAIM C (OHOBBIMM IIOKA3aTe/IAMU TIPYIIIIbI
no HTT. ITocne nepsoro ykona HTT xpwicet rpynnbet WT mokasany HOHM>KEHHBIN I1O-
pOT TaKTW/IbHOI YyBCTBUTENbHOCTH yxXe depe3 70 muHyT (0.015+0.003 1, p < 0.05),
B TO BpeMA Kak Kpbichl DAT-HET noxasanu cTatuctuyeckoe pasnndye B IOpOrax uyB-
CTBUTE/IBHOCTY TOMBKO Ha 130 munyTe (0.012+0.002 1, p < 0.01). Yepes 10 MmuuyT mocre
3 ykona HTT xpwicel rpynnbel WT mokasanyu Takoil ke MOpPOT TaKTM/IbHONM YYBCTBMU-
tenbHOCTH, Kak u o HTT (0.016+0.002 r), Ho muunsa DAT-HET yxe nmesna moBbIiieH-
HBIl ITOPOT IO OTHOLIEHUI0 K (poHOBBIM 3HaveHusAM (0.012+0.002 r, p < 0.01). Ha 5
ykon HTI' xpbichl 06eux IpynI MMeny IOBBIIICHHBIE MOPOTM TAaKTWIBHON YyBCTBM-
TeJIbHOCTH YoKe Yepes3 10 muHyT (p < 0.001).

B rtecre TemmepatypHOi wyBcTBUTenbHOCTM «Tail Flick» mcmonpsoBamm emkocTb
¢ Bopoit TeMnepaTypsl 51°C, TectupoBaHue nposoauan Ha 3, 7 u 10 feHb 3KCIepUMeH-
Ta. JlaTeHTHOE BpeMA OTAEpruBaHuA XBocTa rpynnbl WT yMeHbHINIOCH TONMBKO Ha 10
IeHb KcnepuMeHTa 1o 75£18% (p < 0.05) ot koHTponbHBIX 3HaYeHmit. ['pymma DAT-
HET nokasaja MoBbIIIEHHYIO TEMIIEPATYPHYIO YyBCTBUTEIbHOCTD XBOCTA YK€ Ha 7 eHb

! HayuHo-TexHomornueckuit yuusepcurer «Cupuycr, . r. . Cupnyc, KpacHogapckuit kpait, Pocens.

? Mucruryt ¢usnomornu um. VL.II. ITaBnosa PAH, Caukr-Ilerep6ypr, Poccus

* VIHCTUTYT TpaHC/SIIMOHHOI 6noMeuinHbl, CaHKT-ITeTepOyprekiit rocyAapCTBeHHbIN YHUBEPCHTET,
Canxkr-Iletep6ypr, Poccus;
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MOJIeTMPOBAHN MUTPEHM, JIATEHTHOE BpeMs yMeHbIIMIoch Ao 50+22% (p < 0.01)
OT KOHTPOJIA.

PesynbraTsl nccnenoBanus mnokasany 6oee 6bICTPOE MOHVDKEHME IOPOTOB TAKTHU/Ib-
HOI1 uyBcTBUTeNbHOCTM y rpynnbl WT mo cpaBHenuio ¢ DAT-HET. TemneparypHas
JyBCTBUTE/IbHOCTD MOBbICHIACh ObicTpee y muauy DAT-HET, yvem y WT kpsic. Onna-
KO, pa3muuii B 6a30BbIX IOPOTaX TeMIIEPAaTypHOI M TAKTWIbHOI IyBCTBUTEIbHOCTH
He 6bI/I0 0OHAPYXKEHO.

Qunarcosas noddepxuka: epanm PHD Ne 23-15-00328.

Cnucok nnTepaTypbl
1. Gruber et al. Increased dopamine is associated with the cGMP and homocysteine pathway in female
migraineurs. Headache. 2010; 50(1): 109-116.
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Jomatnuua E.B.!

MEXnonynaauMoHHAA USMEHUYUNBOCTb
N BHYTPNONYNAUNOHHAA NNACTUYHOCTb TEMNEPATYPHbIX
HOPM PA3SBUTUA HACEKOMbIX HA MPUMEPE K/TOMA-CONTAATUKA
PYRRHOCORIS APTERUS

TemnepaTypHble YCIOBMS Cpefbpl OOUTAaHMSA OKAa3bIBAIOT Ba)kKHeIllllee BIIVAHME
Ha NPOJJO/DKUTEIbHOCTD PasBUTUA HACEKOMBIX M JPYTMX 3KTOTEPMHBIX OPTaHM3MOB.
O6paTHasA BeMMYMHA MIPOO/DKUTENBHOCTY PA3BUTHA — 3TO CKOPOCTb pasBUTHA, KOTO-
pas B IIpefiesiax OIarONPUATHBIX JIA JKMU3HENEATEIbHOCTI TeMIlepaTyp OOHapy>KuBaeT
JIVHEVHYI0 3aBYICYMOCTb OT TeMIepaTyphl. ['paduk ypaBHeHUA IMHENHON perpeccun
CKOPOCTH pasBUTHSA 110 TeMIIepaType IepeceKaeT 0Ch abCIMCC B TOUKE HIDKHETO TeMIIe-
PaTypHOTO TOpPOTa, IIpM KOTOPOM CKOPOCTb pasBuTHA ycaoBHO paBHa 0. Koapduument
NIMHETHON perpeccun (MHavYe K03 UIMEHT TepMOIabMIbHOCTY PasBUTH) ONIpemes-
eT yroJl HaK/JIOHA JIMHUYU PEerpeccuy K ocy abcumcc u TeM 6osblle, YeM CHIbHee CKO-
POCTb pasBUTUSA 3aBUCUT OT M3MEHEHMUII TeMIepaTypsl, T. €. YeM BbIIlIe TepMOIaOuIb-
HOCTb (TepMOYYBCTBUTEIBHOCTD) pasBuTys. HypKHWUIT TeMIepaTypHBIil TOpor 1 Ko3¢-
¢buIMeHT TepMOTabVIBHOCTY Ha3bIBAIOT TeMIepaTypHbiMy Hopmamu passutus (THP).
CreneHb U 1pepenbl GeHOTUINYECKOI IUTACTUYHOCTY PasBUTHA HACEKOMBIX JOJDKHBI
aJJalITUBHO M3MEHATHCS MOJ] BIUSHMEM eCTeCTBEHHOTO 0TOOpa B COOTBETCTBUM C MECT-
HBIMY K/IMMATHYeCKUMY OCOOEHHOCTAMM U APYITUMMU (HaKTOPaMy OKPY>Kalollell Cpeibl.
B pesynbTaTe BO3HMKAOT reorpadudeckas, MeXIOMY/IAMOHHASA, Ce30HHAA U JIpyTue
¢$bopMBI M3MEHYMBOCTY TEMIEPAaTYypHBIX U (OTONEPUOANIECKUX HOPM PasBUTHA
(Kunsarkos, Jlomatusa, 2010).

Mur nsyanmn THP cemHapumaTy momynmAnuil Kiaoma-congatuxa Pyrrhocoris apterus
(Pyrrhocoridae) B guanasone or 32° o 58° ceBepHOII MMPOTHL. BBIIO ITOKa3aHO, YTO
B HaIlpaB/IeHM) C I0Ta Ha ceBep HAOMIONAeTCA TeHJEHIMA K YCKOPEHMIO OHTOTreHe3a
K/IOTIa TIPY OTHOCUTE/IBHO BBICOKMX Te€MIIEpaTypax, T. €. IPOUCXOJAUT MOBBILIEHNE Tep-
MOJTaOMIBHOCTY PasBUTHs sull U anuuHOK. lluporHas mamenunBocts THP 6ombiue
BbIpa)KE€Ha Y INYMHOK.

Kpome Tor0, MBI OOHApY>XM/IM HOBYIO [JI HaceKOMBIX ¢opmy mnactuynoct THP —
M3MeHeHMe TeMIIEPaTyPHOTrO MOPOra U TepMOMAOMIBHOCTY Pa3BUTHA TNINHOK KIOIIa-
CONIaTMKA IIOf BIUAHUEM (OTONEPUOAMYECKUX YC/IOBMIl. [IIMHHOIHEBHbIE YCIOBVA
BBI3BIBAIOT YCKOPEHNE PasBUTHA IMYMHOK KJIOIA IpY TeMIleparypax soime 24°C, a Ko-
POTKOIHEBHbIE — IIpU TeMIleparypax Hipke 24°C. I1pu coxpalieHun AnMHbI JHA TPONC-
XOJWUT Tpajiya/ibHOe CHIDKEHME TeMIepaTypHOTO Iopora u KoaduimeHTa TepMosa-

! Cankr-Ilerepbyprckuit rocysapcTBeHHBINN YHUBepCuTeT, Poccuiickas Pepgeparust, 199034, CaHkT-
[Tetep6ypr, YHuUBepcurerckas Hab., 7-9.
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ounbHOoCcTM pasButus. [logobHas mopmbukanyus THP 6suta obHapyXeHa y K/IOIOB
13 HeCKO/IbKMX nomysauuit EBpomnerickoit wactu Poccunm (Lopatina et al., 2007).

B mpupomHbIX yCIOBUAX K/IOIIBI OTK/IA/IBIBAIOT AN1IA C KOHIIA allpesIsl 4O KOHI[A MIOJA.
9TO 03HaYaeT, YTO HA MPOTSHKEHMUN JIeTa MMYMHKY IOMAJjaloT B Pa3/INMYHbIe TeMIepa-
TypHble U (oTollepuoandecKye ycnoBys. JIMUMHKY, MOSABUBIIMECA U3 SN, ePBbIMU
B Ce30He (B Mae—Hayajie MIOHS), YCIIEBAIOT 3aBEpIINTb OHTOTEHe3 IPU IMHHOM JHe.
B 3TMx ycnoBuax HabOmogaeTcs yCKOpeHue pasBUTHs IMYMHOK NPV BBICOKUX TeMIlepa-
Typax. Bmecre ¢ nmoBepiennem 6ackmHra, koropoe orMedeHo y P. apterus (Honek & Mar-
tinkova, 2019), ata peakius MOXeT YCKOPUTb CO3peBaHNe K/IOIOB JIETOM U CIOCO0-
CTBOBATb IIOSIBJIEHMIO BTOPOTO IIOKO/MIeHNA. JIM4MHKM, MOABMBIINECA MHOC/IEHUMMU
(B KOHIIe MIOJIA), Pa3BUBAIOTCSA NPV COKPALIAIOIIEMCS CBETOBOM JiHE U MOHVDKAIOLIEIICs
TeMIepaType. Y CKOpeHue pasBUTHSA IIPU OTHOCUTEIbHO HU3KMX TeMIepaTypax I03BO-
JISleT MMYMHKAM YCIeITHO HOCTUYb 3UMYIOLIEl MMaruHaaIbHOM CTafiuy B0 HACTYIUICHMS
xo7nozoB. Takum 06pa3om, B TedeHMe JieTa pasBUTIE IMYMHOK OCTEIIEHHO CTAHOBUTCS
MeHee TePMOTaOVIbHBIM, T. €. MeHee 3aBYICYMBIM OT TeMIIePAaTYPHbIX YC/IOBMUIL.

Camas 10KHasA M3 MCCAEJOBAaHHBIX TOmynAumit kmoma (32° c. II.) — MOy
u3 Tenb-ABuBa (V3pannb), o6uTaeT B COBCEM MHBIX KIMMATUYECKUX YyCrmoBusax. Ham
HeM3BeCTHBI Kakue-mmbo QopmanbHble (eHomorndeckue MCCaeSoBaHusA —Kiola-
CO/IaTHKA Ha IoTe ero apeana, HO obmpHble Habmoernst GBIF 3a atum Bugom (GBIF
Secretariat, 2021) mokas3bIBaIOT, YTO B VI3pamie NMYMHKM BCTPEYAIOTCS B IIPUPOJHBIX
YCIIOBMAX C anpesist MO Jekabpb. DTO yKasblBaeT Ha MOJIVBOIBTVHHBIN LMK/ PasBUTUA
KJIOIIOB C 3MIMHel Ayanaysoii. V3panibckas NOMy/IsAnys JeMOHCTPUPYeET cnabylo peak-
V0 Ha GoTonepuoandeckye ycrosys. [JIMHHOJHEBHbIE YCIIOBUA HEMHOTO YCKOPSIOT
pasBuTue HUM@ BO BCEM M3YYEHHOM JMAlla30He TeMIIepaTryp. 3aMeijeHue pasBUTH
IpM KOPOTKOM [IHEe INPVBOAUT K IIOSBJIEHMIO 0Ojlee KPYIHBIX 0C00eil, CIIOCOOHBIX
YCIIEIIHO MePeHOCUTh HeZOCTATOK IUINY 3UMON B VI3pawie npy JOCTaTOYHO BBICOKVX
JIHEeBHBIX TeMIlepaTypax. Takoil ke TUII KOJINYeCTBEHHOI (POTOIEPMOANYEecKOl peak-
1y ObUI OOHAPY)XXEH Y MHOTMX APYIUX CyOTPONMYECKUX HACEKOMBIX, BK/IIOYAs CUM-
natpudeckoro kinomna Scantius aegyptius (Kutcherov et al., 2018).

Mo>HO chenaTb BBIBOJ], YTO KOPOTKO/HEBHAs TeMIIepaTypHas HOpMa peaKIuy Je-
MOHCTpMpYeT OOJbIIyI0 TeorpadMuecKylo M3MEHYMBOCTb, YeM ee JUIMHHOJZHEBHas.
Ona cTaHOBUTCS 3HAYNTE/IBHO 0OJIee MOJIOTO K CeBepy U IepeceKaeT TeMIepaTypHYIo
OCb IIpY CPABHUTEIBHO HU3KOM ITOpPOroBoM 3HadeHun 13,7 °C. [leficTBUTENBHO, B YCIIO-
BMAX KOPOTKOTO AHA JTNMYMHKHU U3 CEBEPHDBIX HOHYHHIII/IP‘I IIp1 HU3KUX TEMIIEpaTypax
Pa3BUBAIOTCS HAMHOTO OBICTpee, YeM JMYMHKM 13 I0XKHOI MONY/IALMM, @ B IIMHHO-
JIHEBHBIX YCTIOBMAX I0)KHBIE TMYMHKY IIPY HU3KMX TEMIIEPaTypax JINIIb He3HAYNTETbHO
oIlepeXXarT ceBepHbIX 1o ckopocty passutus (Kutcherov, Lopatina, 2022).

CymuiecTBOBaHMe MVPOTHON M3MEHYMBOCTY TEMIIEPATYPHBIX HOPM PasBUTH Y K/IOTIA-
conparuka P. apterus v Hamaue reorpadpuyecKkux pasmndnii B uX GOTONEePUOANIECKOIN
IUIACTVYHOCTY MO3BOJIAIOT KJIOITy COXPAHATh OMBOJIBTMHNU3M BIUIOTD IO CEBEPHOII Tpa-
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HUILIBI €T0 PacIpocTpaHeHnsA. Tekyljee MOBbIIEHNE II0OANTBHON TEMIIEPATYPBl MOXET
YBEJIMYUTD BEPOATHOCTb OMBONIBTMHU3MA B omyAnysax kinomna (Honek et al., 2020).

Kntouesvie cnosa: Pyrrhocoris apterus, GpoTonepuon, TeMreparypa, INacTUIHOCTb,
TeMIlepaTypHble HOPMbI Pa3BUTHSI, Teorpaduyueckas MU3MEeHUYNBOCTb.

Paboma noooepycana epanmamu PODH 14-04-01156 u 20-04-00185.
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ArOHUCT CUTMA-1 PELLENTOPOB COEAVNHEHWE SKF-100047
MOAYNWPYET TPAHCNOPT Na* B ANMUTENTNIN KOXW NACYLWKW

Koxa amdubmit u npyrue M3onMpoOBaHHBIE SMNUTEIMANbHbBIE CUCTEMBI SBJISAIOTCA
K/TaCCUYEeCKUMY MOJIeIbHBIMM OObeKTaMI JIJIs MICCIeIOBAHMsI MEXaHN3MOB TPAHCIOPTa
VIOHOB 4epe3 Omosornyeckye MeMOpanbl. 110 cOCOOHOCTM K TPAaHCIIOPTY 3/IEKTPOIN-
TOB M peaKlMy Ha HEKOTOpble TOPMOHBI KOXKa ¥ MOYEBOJI ITy3bIpb aMuOMil CXOIHBI
C IUCTA/IbHBIMM OT/ie/IaMM TIOYEeYHBIX KaHA/IblLIeB, YTO MO3BOJIAET JICIIONIb30BAaTh JlaH-
Hble, TIOTyYaeMble Ha 3TUX 00beKTax, JyIs BBIACHEH)S MEXaH)M3MOB TPAHCIIOPTA BOABI U
MIOHOB B KjIeTKax mo4ky [1]. Tpancmopr Na* B anmuTennanbHbIX TKaHAX HMPeLCTaBIsAET
co0071 C/I0>KHYI0, MHOTOKOMITOHEHTHYIO CUCTeMY, B paboTe KOTOpPOJI IPMHMMAIOT y4a-
ctue Na'-TpaHcIopTHpYOIIMe OeIKY ¥ CUTHA/IbHbIE KaCKaJbl, TOKa/II30BaHHbIE B pas-
TMYHBIX MeMOpaHax K/IeTKM. be/koBble KOMIIOHEHTBI 9TON CUCTEMBI SB/ISIOTCS MUIIIe-
HBIO J/IsI IeVICTBYS IIMPOKOTO CIIEKTPa TOPMOHOB 1 (hapMaKO/IOTMYECKIX areHTOB.

Curma-1 penenTopbl IMPeACTAB/IAIT COO0J YHUKAIbHBIE TUTAHPETy/IpyeMble MO-
JIeKy/IsIpHbIE IIAaIlepPOHBI, TOKA/IM30BaHHbIE B MeMOpaHe SHIOIUIa3MaTUYeCKOTO PETUKY-
JlyMa Ha TPaHMIle ¢ MUTOXOHAPUAMU [2]. DTU pelenTopsl MUPOKO SKCIIPECCHPOBAHBI
B LIEHTPA/JIbHOJI HEPBHOM CHCTeMe U B nepudepryecKx TKaHAX, B TOM YMCIe B KIeTKax
HOYKM U medeHu. VIX muraHngaMu siBISIOTCS 9HJOT€HHbIe CTEPOMJIBbI, aHTU/EIIPECCAHTHI,
AHTUIICUXOTUYECKIIE, IIPOTUBOCYOPOXKHbIE Y aHATIbreTIYecKue cpeacTna [2, 3]. Curma-1
peLenTopsl B3aMMOJEICTBYIOT C MHOTOYMC/ICHHBIMU O€/IKaMM-MUIIEHAMM, BK/IIOYas
VIOHHBbIEe KaHAJIBI VM PELeNTOPhI, @ TAK)Ke YYACTBYIOT B MOAY/IALMY MHOTYUX KJIETOUHBIX
nporieccoB [4]. B HacTosIiee BpeMsi TUTaHAbl CUTMa-1 pelernTOpoB paccMaTpPUBAIOTCS
B KauecTBe ITOTEHI[Ma/IbHBIX TePaIleBTUYECKIX aT€HTOB Ji/IS JIeYeHUs CAMbIX Pas/INIHbBIX
3a060/IeBaHMIL, B TOM 4UCJIe OCTPOTO IOBPEXAEHNS I0YeK, XPOHMYECKOil 00JIe3HN 110-
JeK, AmabeTndyeckoil HedppormaTuy, a TakKe B KadeCTBe IIOfiep KVBAIOLEll Teparmu
IV TPAHCIUTAHTAIVM IIOYEK U 3aBYICUMOII OT IT0J/Ia peHOIpoTeKumn [5].

B cBsi3M ¢ 9TUM, IIPEACTABIANIOCH 1Ie/1eCOOOPa3HbIM MCCIEOBaTh BO3MOXKHOE yda-
CTUe curMa-1 perenTtopoB B peryiaumu TpaHcropra Na' B SIMTeNINM KOXKU JIATYLIKY.
B skcnepuMeHTax MCIONMb30BAIM BHICOKOCENIEKTYBHBIN arOHUCT CUTMa-1 perenTopoB —
CUHTETUYECKNIT ONMMOUHBI/ aHAJIbreTUK ceMmeiictBa 6eHsomopdana - (+)-N-amwmmi-
HopMeTasouyHa ruppoxnopup ((+) - SKF 10047) [3].

DKCIIepUMEHTHI IIPOBOJVIIN Ha CaMIlaX JIATYLWIKY Rana temporaria B Iepuoy, ¢ Hos6-
psa mo Mapr. Koxy ¢ Opromka JATYIIKM Cpe3amy M MOMeLany B KaMepy YcCcuHra
(«World Precision Instruments, Inc.», [epmanus) ¢ guaMeTpoM BHYTPEHHETO OTBEp-
crua 12 mm. Kamepy 3anonssmm pacTBopoM PrHrepa 11 X0/lI0JHOKPOBHBIX, COflepKa-

! Canxkr-Iletep6yprckuit rocygapcTBeHHbIn yHuBepcutet, Poccniickas egepanyst, 199034, CaHkT-
I[Terepbypr, YHuBepcurerckas Hab., 7-9.
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mwyM (B MM): 110 NaCl, 2.5 KCl, 3 CaCl2, 5 Tris HCl, pH 7.4. OubiTbl poBOAyIN
Ipy KOMHATHOI Temieparype (22-23 °C).

Insa usmepeHus 971eKTPUYECKMX MAapaMeTPOB KOXKM JIATYIIKYM UCIOIb30BalIN aBTO-
MaTU3VPOBAHHYIO YCTAaHOBKY (PMIKCALMM MOTEHIIVAIa ¥ PETYICTPALIMU BONIbT-aMIIePHBIX
xapaktepuctuk (BAX). Insa usmepennss BAX Ha KoKy IojjaBaiy JTMHENHO M3MEHSIO-
meecsl HaIpsDKeHne (ramp) co ckopoctbio 20 MB/c. B nHTepBamax Mexxmy MsMepeHns-
mu BAX tpancanutenmmanbHbii noteHiman (Vr) koxu nopmepxxuBam npu 0 MB
(pe>XMM KOPOTKOTO 3aMbIKaHWsI) VI MIPYU MOTeHIMane OTKpbIToi ey Voc (Voc = Vr
IV TPaHCAMUTENNATbHOM ToKe It = 0). VI3 BAX onpepesnsy anekTpuyeckie mapamer-
PBI KOX1: TOK KopoTKoro 3ambiKauus Isc (Isc = It mpu Vr = 0), Voc u Tpancanurenu-
aJIbHYIO IPOBOAVNMOCTD gr.

Tpancnopr Na* olleHMBany Kak aMUIOPUA-9yBCTBUTENbHbIN Isc. Vicnonbsosanu pe-
akTuBbl pupMmbl Sigma (CIIIA). dapmakomornyeckme areHTsl JOOABIIAIN K allMKA/TbHOM
win 6a3oyaTepasbHO ITOBEPXHOCTY KOXM. CTaTUCTUYECKUII aHaIM3 IPOBOAVIIN
c npuMeHeHueM t-kputepusa CrblofieHTa. [laHHBIe IpeACTaBIeHbl B BUAE X * S
(p < 0.05). Yncrmo sxcnepumenTos, n = 10. Ha pucyHke nmpefcTaBIeHbl pe3y/IbTaTbl TH-
IIYHBIX 9KCIIEPUMEHTOB.

3HaueHMA 3MEKTPUUECKUX XapaKTePUCTUK KOXKMU JIATYIIKM B KOHTpOJIe B CpeflHeM
cocTaB/AamT: Isc = 13.21 + 4.08 MKA, Voc = - 24.18 £ 6.12 MB, gr = 0.58 £ 0.18 MCwm.

O6napyxeHo, uro SKF 10047 MopymupyeT TpaHCONMTEINATbHBIN TpaHcHopT Na'
B KOXKe JIATYHIKNU. B cpefjHeM, n3MeHeHMe 3IeKTpUYECKMX XapaKTePUCTUK KOXKI JIATYII-
ku nocie fobasnenus 50 MkM SKF 10047 6bu10 cnepyromyM: Isc ymenbumics Ha 23.79
+ 9.08 wm 90.22 + 13.65 %, Voc ymenbimmica Ha 51.19 + 20.14 wim 87.42 + 18.38 %,
a gr yBenM4mMaach Ha 71.43 + 19.24 wnm ymenbmmaach 5.62 + 1.37 % npu npumioKeHnn
SKF 10047 co cTOpOHBI altMKanbHON Min 6a3omaTepasbHON IOBEPXHOCTU KOXKY, COOT-
BETCTBEHHO.

ITomryyenHble HaMM Pe3yIbTAThl COITIACYIOTCA C IAHHBIMU JUTepaTyphl. VI3BecTHo,
YTO B KJIETKE CUTMa-1 pellenTopbl IOKAIM30BaHbI, IIPEVMYIECTBEHHO, B 0C000iT MOp-
bodYHKIMOHAIBHON eAMHUIle, KOTOpas IpeAcTaBiAeT cob0il 00/1acTb KOHTAKTa
HapY>KHOJ MeMOpaHBl MUTOXOHJPUII U 3HAOIUIA3MAaTNYECKOTO PETUKY/IyMa — B MeM-
OpaHax, acCOLMMPOBAHHBIX ¢ MUTOXOHApUAMYU (MAM). DnnrennanbHble KIeTKU MMe-
I0T alMKa/IbHO-0a3a/IbHYI0 TIO/ISIPHOCTD, KOTOPasi SIBJISIETCS pe3ynbTaToM guddepeHIy-
apHOTO pactipenenenus GochomunugoB, 6ETKOBBIX KOMIIEKCOB I KOMIIOHEHTOB IIV-
TOCKeJ/IeTa MeXJy Pa3/IMYHbIMU JOMEHaMU IIa3MaTHYeCKOl MeMOpaHBI, YTO OTpaXkaeT
UX crenyansuposanHble GpyHKIym. K coxanenuto, B HacTosllee BpeMs JaHHbIE O Cy0-
K/IETOYHOI JIOKaNIM3alMUM CUTMa-1 pelienToOpoB B 3MUTENNATbHBIX K/IE€TKAX Pas3IMIHbIX
TUIIOB KpailHe HeMHoroumcieHHbl. OJHAaKO, MCCIeNOBaHMe paclpefieleHns CUrma-1
PeLIeNITOPOB B MOJIENIAX in Vitro Ha Ky/IbType SIIMTeINATbHBIX KI€TOK IIPOKCUMATbHBIX
KaHasbleB yenmoBeka (mHysa HK2) moxasano, 94To B HOpMa/lbHBIX YCIOBUAX cUrMa-1
peLenTOPHI IOKA/IN30BaHBL, IPENMYIIeCTBEHHO, B IEPUHYK/IeapHOI 00/1aCTy, TOra KaK
II0CTIe B3aMMOJIEVICTBIA C IMTAaHJOM OHM OOHApPY>KMBAIOTCS TIOBCEMECTHO B IIUTO307Ie I
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anppe [6]. B TMIMYHON MONAPHOI SMUTEINATBHON KIIETKe [P0, SHAOIIIa3MaTUYeCKU
PETVKYIIYM ¥ MUTOXOHZAPUY BCETfia CMelleHbl K 6a3onaTepabHOMYy Homocy. Ilomyden-
Hble HaMM pe3y/IbTaTbl TaKXXe CBULETENbCTBYIOT O TOM, YTO OCHOBHbBIE MUIIIEHU
nst pevictBust SKF 10047 mokanmsoBaHbl B 6a3oaTepasbHOM JOMeHe KI€TOK SIUTeNNs
KOXXM JATYIIKM. B TO >Xe BpeMs, MOfIaB/IeHNe TPAHCIMNUTENNAIBHOTO TpaHcrmopTa Na',
Ha6moaemoe py npyno>xeHuy SKF 10047 x anyKanbHO MOBEPXHOCTY KOXKY JIATYII-
KI, MOXKeT OBITh CBSI3aHO C MOJY/IALIMeEl aKTVBHOCTY aMIOPY/I-4yBCTBUTE/IbHBIX SIIN-
temanbHbIX Na'-kananos (ENaC), urpamommux KIueByI0 posib B TPaHCIIOPTE VIOHOB
Na* B peabcopbupyromux snuremsax. Coobaercs, 4To curma-1 perenTopbl MORY/IN-
PYIOT aKTMBHOCTb MOHHBIX KaHA/JOB pPa3/IM4HBIX TUIIOB, B TOM 4MCI€ IIPOTOH-
aKTVMBMPYEMBIX MOHHBIX KaHaToB (ASICs) - OfHOro M3 IpefcTaBUTeNIeil CylepceMeit-
crBa Deg/ENaC, x xoropomy npunapiexxat 1 ENaC. O6Hapy>keHO, YTO BO3MOXKHO
KaK IIpsMOe B3aMMOJEIICTBYe MeXy penentopamu curma-1 u ASICs, ¢ o6pasoBaHneM
KOMITIEKca co crexymomerpueit 1 perentop curma-1/1 cyoveguuanma ASIC [7], Tak u
OIIOCpe[IOBaHHOE BIMAHME NUTaHOB curMa-1 penenropos Ha ASICs, npu ydactun jo-
HIO/THUTE/IbHBIX CUTHA/IbHBIX MOJIEKYJI, TAaKUX KaK reTepoTpyMepHble G-0eKu U KOM-
IUIeKC Ka/lbLMHeVIpyHa ¢ afanTepHbiM 6enkom AKAP 150 [8].

Takum 06pa3oM, HamMM ITOKa3aHO MOAY/IMpYIOLee BVMSHME arOHMCTA CUIMa-1 pe-
nentopos coefuHeHnsA SKF 10047 Ha TpancniopT Na* yepes smmuTenuit KOXu JATYIIKY,
9YTO CBMUAETENIbCTBYET 00 y4acTUM CUTMa-1 pelenTopoB B pPeryAluy TPaHCIINMTENIN-
aZbHOTrO TpaHcnopra Na® B Koxe nArymku. [lonydyeHHble laHHbBIE MO3BOAIOT TAKXKeE
IpPEJIONOXNUTh, YTO BIMAHME arOHMUCTOB CUIMa-1 pelenTopoB Ha TpaHcmopT Na'
B KOXKe JIATYUIKY OCYLIECTB/IAETCS NPY YYacTUM PA3TMYHBIX O€NTKOBBIX M JIMIUIHBIX
CUTHQJIPHBIX KOMIUIEKCOB, aCCOLMMPOBAHHBIX C alMKATbHBIM WM 6a30/aTepasbHBIM
TOMEHaMI TOJAPM30BaHHBIX 3MMTENNMA/IbHBIX KJIETOK. B TO >Xe BpemsdA, CUTHa/IbHbIE
Kackajpl, BoBiedeHHble B perynaunio SKF 10047 Tpancnopra Na* B KoKe JIATYIIKU BO
MHOTOM HESICHBI ¥ TPeOYIOT Ha/IbHeIIero VCC/IeOBaHMA.

ITonyuennbie Hamy pesynbTarbl o BAMAHMM SKF 10047 Ha TpaHCOmmUTenMaabHbIN
TpaHcnopT Na' croco6CTBYIOT 60lee HeTaTbHOMY HMOHMMAHMUIO MOJIEKY/ISIPHBIX MeXa-
HU3MOB (papMaKOTOTM4eCKOro AeiCTBYA NPOMU3BOAHBIX OeH30MOp(daHa U JOIOHAET
JlaHHbIe O (PYHKIVMOHAIBHOI POIM CUTMa-1 perenTopoB B (PpM3MONIOINM OCMOPETY/IN-
PYIOILIVX SNINUTENEB.
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Puc. 1. KuaeTnka n3MeHeHNA TOKa KOPOTKOTO 3aMBIKaHNA [sc depe3 KOy /IATYHIKY B OTBET
Ha JielicTBIe aroHMCTa curMa-1 penentopos — coegunennsa SKF 100047 B konnentpanumu 50 MkM,
MIPUIOXKEHHOTO CO CTOPOHBI allMKaIbHOI (1) min 6a3onatepanbHOIT (2) MOBEPXHOCTH KOXM. B KoHITe
Ka)X[IOTO 9KCIIEPVMEHTa B PACTBOP, OMBIBAIOLIVIT alIMKA/IbHYI0 IIOBEPXHOCTD KOXN, 0OaB/Isam 6/10Ka-
TOP aMITOPU-YYBCTBUTEIBHBIX SnuTeMManbHbix Nat-kananos (ENaC) amumopug (20 MKM).

Kntouesvie cnosa: curma-1 penentopsl, TPaHCINUTENNANbHbIN TpaHcopT Na*, Koxa
narymky, SKF 100047.

Paboma ewnonnena e pamxax [oeosopa CII6I'Y Ha evinonHeHue HAy4HO-
uccnedosamenvckux pabom Ne 05/03-20 om 12.03.2020.
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AHTATOHWUCT PELENTOPOB CUITMA-1 BD-1063
MOAYNNPYET Ca?*-OTBETbI, BbI3bIBAEMbIE MPEMAPATOM
FMYTOKCUM B MAKPO®ATAX

Perjenitopsr curma-1 — moBceMecTHble MHOTOQYHKLMOHA/IbHBIE JTUTAHPETyIUpye-
Mble MOJIEKY/LIpHbIE IIAIIePOHBI B MeMOpaHe SHIOIIa3MaTUYeCKOTO PeTUKYIYMa, MMe-
IOlIVie YHMKAJIbHYI0O JICTOPUIO, CTPYKTypy U  (apMaKOIOTMUYECKMil IPOQUIb.
OTU penenTopsl SKCIPECCHPOBAHBI B KIETKAaX Pa3/IMYHBIX TUIIOB, BKTI0Yas UMMyHHBIE.
BeimonHssA QyHKIMM IIAIIEPOHOB, PELieNTOPBl CUrMa-1 B3aMMOMECTBYIOT ¢ OeKaMu-
MUIIEHAMY (MIOHHBIMYU KaHTaMJ, PeIelITOpaMy B IUTa3MajleMMe U JIp.) ¥ MOJYIMPYIOT
IIVPOKUI CIIEKTP KIeTOYHBIX IPOL[ECCOB B HOpMe M IIAaTOJIOTMM, BKJIIOYAs IPOLIECCHI
Ca*-curnaimmsanun [1, 2].

dapMaKoIOTMYeCKNII aHAJIOT OKMC/ICHHOTO IJIyTaTMOHA IIpemapar IJTyTOKCUM®
(«DAPMA-BAM», Cankr-IleTepOypr) ncnomnb3yercss Kak MMMYHOMOJY/IATOP M I'eMO-
CTUMYJ/IAITOP B KOMIUIEKCHOJ Tepanuy 6aKTepuaabHbIX ¥ BUPYCHBIX 3a00IeBaHMIl, I1CO-
puasa, Iy4eBoil ¥ XuMuoTepanuu B oukonoruu [3]. OgHako MeXaHM3MBbI KIIETOYHOTO U
MOJIEKY/IAPHOTO HEJICTBUA STOrO IIperapaTa fajeky OT IIOJHOTO IOHMMaHMsA. Panee
HaMy ObUIO BIEpBble OOHAPY)XXEHO, YTO INYTOKCUM YyBE/IMYMBAECT BHYTPUKIECTOUHYIO
KoHueHTpanuio Ca®', [Ca*'];, Bp3bIBasg Mobwmmsanyio Ca®* M3 TalCUrapruHYyBCTBU-
TenbHBIX Ca’*-flero 1 moc/mefyomuil gerno3aBucumelii Bxon Ca’' B IepuUTOHeaIbHbIE
Makpodaru Kpsichl [4]. I BbIABIEHMS y4acTUs PeLeNTOPOB CUrMa-1 BO BIVSHUM
rryrokcuMa Ha [Ca’']; B Makpodarax u B peryranuu npoueccos Ca*'-curHanmsanmm
B Makpodarax B IIe/IOM, MCCIef0Ba/IM BIMSHNE JUTAaH/IAa PelelTOpOB curMa-1, coemu-
HeHMA BD-1063, Ha Ca**-0TBeTbl, BbI3bIBaeMble I/TyTOKCMMOM B IIEPUTOHEATbHBIX MaK-
podarax kpbicbl. Coemmuenme BD-1063 - 1-[2-(3,4-mguxnopodennn)atm]-4-
METWINNIIEPA3VH AUTUPOXIOPU]] — ABJACTCA 9PPEKTUBHBIM U 130V paTe/IbHBIM aHTa-
TOHVCTOM penenTopoB curma-1 [5].

OKCIIepUMEHTHl IPOBOAWINM Ha Ky/IbTUBYPYEMbIX Pe3VEeHTHBIX IIePUTOHEATbHbBIX
Makpodarax Kpbic muHuy Wistar Ha aBTOMAaTU3MPOBAHHON YCTAHOBKE I M3MEPEHVs
[Ca*'];, Ha 6a3e ¢yopecieHTHOTO MUKpOcKomna Leica DM 4000B (Leica Microsystems,
I'epmanus). Jnsa nsmeperns [Ca’]; ncnonb3oBamm ¢ayopecueHTHbIN 30HA Fura-2AM
(Sigma-Aldrich, CIIIA). Bo3byxnenne ¢ryopeciieHunyu o6beKTa IPOM3BOAVIIN IIPU
pnuHax BonH 340 n 380 HM, 3MMCCUIO peTUCTpUpPOBany npu aauHe BonaHbl 510 HM. Cra-
TUCTUYECKUII aHAIM3 IIPOBOAWIM C IpuMeHeHMeM Kputepus ¢t CrbiofieHTa. JlocToBep-
HBIMM cuyTany pasnnaus npu p < 0.05. Ha pucyHke npuBefeHbl pe3y/IbTaThl TUINYHBIX
3KCIIEpMMEHTOB. [laHHbIE NIpeCTaB/IeHbl B Buje TpaduKa M3MeHEeHNA OTHOIIECHUA VH-
TeHCUBHOCTe ¢ryopecteniuy Fura-2AM npu jyimHax BOJIH BO30Y>KHAIOLIET0 M3/Ty4e-

! Canxkr-Iletep6yprckuit rocygapcTBeHHbIn yHuBepcutet, Poccniickas egepanyst, 199034, CaHkT-
[Terep6ypr, YHuBepcurerckas Hab., 7-9.
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HuA 340 u 380 HM (oTHOmeHMe Fiy/Fsg0) BO BpeMeHM, OTpakalolero JMHAMUKY M3Me-
HeHus [Ca?']; B KJIeTKaxX B 3aBYICMMOCTY OT BPEMEHY M3MepeHN.

B KOHTpOJIPHBIX 9KCIIEPUMEHTaX OBIIO IIOKa3aHO, YTO MHKyOalusa Makpodaros B Te-
gyeHye 17 muH co 100 MKr/mi rryrokcuMa (puc. la) B 6eckanblyeBoil cpefie BbI3bIBAeT
Me/IeHHO HapacTaiomee ysenudeHre [Ca®'], orpaxaromee Mobmmmsanuo Ca*
u3 BHyTpuKkiaeTounsix Ca’'-geno. Yepes 17 MuH nocie go6asnenus rioyrokcuma [Ca*'l;
B CpefiHEeM YBeIN4MBaaach OT 6a3albHOTO YpOBHA, paBHoro 92 + 10 HM, go 130 + 13
HM (n = 6; P < 0.05). I[Ipu BBemeHun B Hapy>xHyto cpeny 2 MM Ca*" Habmoganmm maib-
Herimee moBeimenne [Ca®'];, oTpaxkaroijee gmermosaBucumblii Bxon Ca** B LIMTO307b
(puc. 1a). B cpennem yBennuenne [Ca’']; Bo Bpems Bxopa Ca** cocraBumo 221 + 20 HM
(n=6; P<0.05).

BriepBble 00Hapy»XeHO, YTO aHTArOHIVICT PelieNTOPOB curMma-1, coeguaenue BD-1063,
nopasnsger obe ¢aspl Ca**-0TBETOB, BBI3bIBAEMBIX ITTYTOKCYMOM B IIepUTOHEATIbHBIX
Mmakpodarax. ITokasaHo, 4To npepBapuTenbHas MHKybanusa Mmakpodaros ¢ 60 MM BD-
1063 B Teuenne 40 MyuH no BBefeHMA 100 MKI/MJI IJTyTOKCMMA NPUBOJAUT K 3HAUYNUTENb-
HOMY IIOfiaB/IeHMI0 Kak Moommmsanuy Ca** u3 BHyTpukiaeTounbix Ca**-gemno (Ha 52.6
9.7%, n = 7; P < 0.05), Tak ¥ IoCneaymolero gernosasucumoro sxopa Ca®* B xneTku (Ha
53.0 £ 9.3 %, n = 7, P < 0.05), MHAyLMPYeMBIX ITyTOKCUMOM (puc. 16). ITo cBUAeTe/b-
CTBYeT 00 y4acTUM pelielITOPOB curmMa-1 B akTyBaLuy aenos3aBucumoro sxopa Ca®t, nH-
AyLMPYEMOTO TTyTOKCUMOM, B MaKpodgarax.

Fias/ Figa, 0100, &3

BD- 1003

LIy TR

i
¥ 5 Lk 15 -] 34
BT 1063 La
40 wmin

Bpisia, som

I'myroscind

Puc. 1. Biusiaue coepnuennst BD-1063 na Ca**-0TBeTsl, BbI3bIBaeMble ITIyTOKCUMOM B Makpodarax.
(a) — KIeTKM MHKYy6MpoBanu B TedeHne 17 MuH B IpucyTcTBUM 100 MKI/MIT ITTyTOKCUMa B 6eCKalbINeBOl
cpene, 3aTeM Bxoj Ca?* MHMIMUPOBaIM BBEleHNEM B HApYxHyIo cpeny 2 MM Ca®*; Ha ¢oHe pasBuBLIero-
cst Bxopa Ca?* pobasysum 60 MKM coegyuenust BD-1063; (6) — kieTky npeuHKyOupoBanu B Tederue 40
MIH ¢ 60 MKM coenunenns BD-1063 B 6eckanblyeBoit cpefe, 3ateM fo6assuiu 100 MKI/MII TTyTOKCHUMA,
gepes 17 My Bxop Ca?* MHNLIMNPOBaIM BBEfEHIEM B HAPYXXHYIO cpexy 2 MM Ca’.
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Kpome Toro, Hamu 6b1710 BBIABIIEHO, 4TO KobaBneHne 60 MkM BD-1063 Ha done pas-
BuBIerocsi Bxoza Ca®*, MHAYLMPOBAHHOTO ITyTOKCHMMOM, BBI3bIBaeT 3HAUYUTENTbHOE
(Ha 61.8 £ 9.1%, n = 12; P < 0.05) nogasnenue nemnosaBrucumoro sxoma Ca’* B Mmakpoda-
ru (puc. 1a). 9To CBUAETEIBCTBYET 00 YIaCTUM PELieITOPOB CUI'Ma-1 He TOJIBKO B aKTH-
BallMy, HO U B MOJiep>KaHNM flerto3aBrucumoro Bxona Ca?t B Makpodari.

Takum o6pasom, B HacToselt paboTe MblI BIIepBble Ha IEPUTOHEATBHBIX MAKpO-
(arax KpbIChI ITOKa3a/IM, YTO M30MpaTeIbHBI aHTATOHNCT PELIeNITOPOB CUrMa-1, coenu-
HeHre BD1063, 3HaunTenbHo nopasnser obe gassl Ca**-0TBETOB, BHI3bIBAEMBIX I/TyTOK-
CYMOM B IIEPUTOHATBHBIX Makpodarax. ITO MOATBEpXK/jaeT II0yYeHHble HaMU paHee
JJAaHHBIE O TOM, YTO AHTATOHMUCTHI PELENITOPOB CUIMa-1, TUNIMYHBIE HEVPOJIEIITUKY Ia-
JIOTIIEPUTOIL, XTIOPIIPOMa3yH U Tpudyonepasut, MHIOoupywT Ca’*-0TBeTbl, MHAYLNPY-
eMble TIyTOKCMMOM B Makpodarax [6]. PesynbraTbl Hacrosmei paboTel u paHee [6]
0 TIOfJaBJICHNY JIMTAaHJAMU PellenITopoB curma-1 Ca’'-0TBeTOB, BHI3bIBA€MbIX ITTYTOKCH-
MOM B Makpodarax, CBU/IeTe/IbCTBYIOT 00 y4acTUM PeLeNTOPOB CUrMa-1 B KOMILIEKC-
HOM CUTHAJIbHOM KacKafie, 3aIlyCKaeMOM ITTyTOKCHMMOM i TPUBOJSAIEM K YBETNYEHUIO
[Ca*]; B mepuTOHeanbHbIX Makpodarax Kpbic. [omydeHHble HAMU JJAHHBIE CBUJETENIb-
CTBYIOT TaK)Ke 00 y4acTUy pelieliTOpPOB CUIMa-1 B Perysalyun [Ie03aBUCUMOrO BXOfa
Ca*, MHAYLIMPYeMOro AUCYIbGUACOfepKalIVIMU UMMYHOMOAY/IATOPaMY, B IIEPUTOHE-
QIBHBIX MaKpodarax KpbIC ¥ IIO3BOJIAIOT pacCMAaTpMUBATh PeLleNTOpbI curMa-1 B Kade-
CTBe HOBOTO PETYIATOPHOIO KOMIIOHEHTa CUTHAJIbHOTO KOMIUIEKCAa [eM03aBUCHMOTO
Bxopa Ca®* B Makpodarax.
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Kntouesvie cnosa: BHyTpuUK/IeTOYHas KoHLeHTpauua Ca*, Makpodaru, IITyTOKCUM,
penenTopsl curma-1, coepuaenne BD-1063.

Paboma evinonuena 6 pamkax [Joeosopa CIIOI'Y Ha evinonHerue HAY4HO-UCCIEN0-
samenvckux pabom Ne 05/03-20 om 12.03.2020.
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Hapgnoposkckasa M.A.', )Kypasnesa B.J1.},
Craguuk E.I1.!, Ixkonen K.JI.!

HOBbI/A MPOTEHHBLI NOATOPU3OHT
B MOYBAX COCHOBbIX JIECOB JIEHUHIPACKOW OBJIACTU

[TouBbI 6OpeaNbHBIX 1€COB IPU3HAHBI Pe3epPByapoM, aKKyMY/IVPYIOLIVM OKOJIO Tpe-
T 3allacoB OPraHMYECKOro YIJIEpOAa Has3eMHbIX sKocucTeM. CyKIJeCCMOHHBIN LMK/
PasBUTUA XBOJHBIX JIECOB BKIIOYaeT B ceOs NMMpOTeHHble CTaguM. B mocnemHue ropsl
IPUYMHOI JIECHBIX IT0>KAPOB BCe Yallle CTAHOBUTCSA HepaliOHa/IbHasA JAeATeNbHOCTD ue-
noBeKa. KommyecTBo aHTPOIIOTEHHBIX JIECHBIX MOXKapoB pacTeT. ExxerogHo roput 1 %
obueit ronany 6opeanbHbIX 1ecoB Poccun [6]. HacTb ecCHBIX MaTepyanoB BBITOpAeT
He IIOJTHOCTBIO, OCTaB/IAA Ha IapsAX CaXy U [peBeCHbIe I (COeNVMHEeHNs MIPOTeHHOTO
yrnepopa, Cpyr), JOITO COXpaHAOIINEeCs B IOYBe U POPMUPYIOLe TEMHOOKpAIleHHbIE
97IeMeHTBl IOoYBeHHOro npodunia. Hambonee mo>kapoomacHsl Cyxye COCHOBBIE ieca
Ha I107;3071aX U nofoypax. I1o/3071bl WUTIOBMAIBHO-)Ke/Ie3UCThle 00pasyIoTCcs Ha OefIHbIX
HOTTYTOPHBIMM OKCUJJaMM TIeCKaX, oA0yphl 00pa3yroTcs Ha meckax ¢ 60mpmmM comep-
JKaHMEeM IIOJIyTOPHBIX OKcypoB. CormacHo xmaccuuixanuy mous Poccum 2004 r.,
B 11o7i3071ax BbIAensioT ropn3onTsl O-E-BF-C B mopg6ypax O- BH-C [2]. BepxHeit qactn
ropusoHTa E, OKpallleHHOJI B Cepblil 1IBET PasHON MHTEHCUBHOCTM 3a CYET BK/IIOYEHUN
Cpyr, HefaBHO ObUIM IPUCBOEHBI MHEKC Epyr 1 Ha3BaHUe «IIMPOTeHHBIIT TTO/I30/IMCTHII
ropusoHT» [3]. I[Ipu moseBoM onmcaHuy OOBIYHO OTMEYasIy, YTO MEXJY JIECHOI IOJ-
crunkoit O u Epyr ecTb c/1011, KOTOPBIT TeMHee 3a cueT OO/IbIIEero BKIIOUEHMS IpeBec-
HBIX yrteit. IIpoObl 13 3TOro c/1osi 06bIYHO He OTOMpanmi. BepxHIo0 YacTh 3TOTO C/1OA
B [IO/I30/1aX COCHAKOB JIMIIAIHNKOBBIX pectyomky Komu n Cubupu A.A. JIbIMOB ¢ co-
aBTOpaMI BBIIE/IMIN KaK MMPOTEHHBI opranndecknit mogropusont Oepyr [4]. B nsy-
YeHHBIX HaMJ ITOJ30/1aX COCHAKOB 3€/ICHOMOIIHBIX B JIeHMHrpanckoit obmactu Oepyr
He popmupyercs. BoaMoskHO, 3a cyeT 60ee MHTEHCUBHOM peKpealyiOHHOI Harpy3Ku 1
00JIbILIe} TEeMIIEPAaTypPhl JIECHBIX IIOXKapOB B COCHAKAaX 3€/I€HOMOIIHBIX II0 CPaBHEHWIO
C COCHAKAMM JMIIATHMKOBBIMY ITPOMCXOAUT CMeIlMBaHMe MMPOTeHHBbIX MaTepuanoB I
IIOBEPXHOCTY MUHEpalIbHOTro podwia. B mopsonax u nmogdypax M3y4eHHBIX HAMIU COC-
HOBBIX 3€JICHOMOIIHBIX JIECOB MbI BBIE/IV/IN MMPOTEHHbINI OpraHOMIHEPA/IbHbIN IO -
ropusoHT Eopyr [5].

Eopyr mmeer ueTkme MOpQonOrmyecKye ¥ BeleCTBEHHblE OT/INYMA OT APYTUX
CTPYKTYPHBIX GOpMUPOBaHUI IIpoduielt 030108 U MoA0ypoB. XapaKTepHbIMI NIPU-
3HaKamu Eopyr ABIAIOTCA He TONMBKO BK/IIOUEHMS JPEBECHBIX YITIEil, HO U BKIIOYEHNS
($parMeHTOB KOPBI, BETOK ¥ IINIIEK COCHBI (CpefHepasMepHbI JeTpUT 1-2 MM U Kpyn-
HBIJI IETPUT > 2 MM), IIOCTYNVBIIVX Ha IIOBEPXHOCTD M NPOLIEAIINX Yepe3 IOJCTIIKY

! Cankr-Ilerep6yprckuit rocygapcTBeHHBINN YHUBepCuUTeT, Poccuiickas Oepgeparust, 199034, CaHkT-
I[Tetep6ypr, YHUBepcurerckas Hab., 7-9.
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Hepas/ioKeHHbIMU. [lokasaHo, 4TO, OTOpachIBas KPYIHBI JETPUT NPV IHOATOTOBKE
IIOYBEHHBIX IIPO6 IS aHa/Mu3a, MBI TepsieM 0Komo 10 % OT CyMMBI OpTaHMYECKOTO Be-
mecrBa B Eopyr. Bxinag Eopyr B 061iye 3amachl OpraHN4ecKoro BelecTBa IMOACTIIKI U
BepxHMX 30 cM MMHepanbHOTo npoduis ot 6 fo 23 %. C/N merpura U OpraHNYecKoro
BeljectBa Menkosema (<1 mm) 45-70. Joma Cpyr B Mmenkoseme Eopyr cocrasisia
12-16%, B Epyr — 4 %, ocrajlbHOE COCTaB/IsI€T OPTaHNYECKOE BELIECTBO, NPENCTAB/IEH-
HOe MeJIKOAVICIIEpCHBIM feTpuToM (<1 MmMm). IlomydeHHbBIe pe3ynbTaThl COINACYIOTCA
C IMTepaTYPHBIMU JaHHBIMU 110 BKIany Cpyr B copepskanue obuiero Copr, orpesesneH-
HOTo B Ipo6ax 0-5 cM MUHEPaJIbHOTO IPOPWIA I0YB ITOJ, IVCTBEHHNYHUKAMMI — Cpefi-
Hee 14 %, muamna3oH 3HayeHnt 8-20% [1].

VTak, geiicTBue NpUpOAHBIX I0XKapOB UMKINYHO. [Ipy BceM BapbupoBaHUM BULOB U
CWIbl IPMPOJHBIX JIECHBIX ITOXKaPOB 3a THICAYE/IETUA YCTAaHABIMBAETCA JAMHAMMYECKOE
PaBHOBECHE 3aI1acOB MMPOTE€HHbIX COeAVHEHNI B MoYBe. Kak oTMe4aT MHOIMeE McCrie-
JIOBATe/IM, 9TO paBHOBECYE MOXKET ObITh HapPYIIEHO YYalIAloUVIMICSA aHTPOIIOTeHHBIMU
JIeCHBIMU TIO>KapaMmy. Ha rapsx Ham0ojbliiee KOMUYECTBO MPOAYKTOB HEIOIHOTO Cro-
PpaHMsA pacTUTENBHBIX OCTATKOB U JIECHON IOACTU/IKM OCTAETCA Ha IIOBEPXHOCTY IIOYBDI.
3aTeM MeJKMe JpPeBECHbIE YITIM MOTYT YaCTMYHO MUTPUPOBATD C IIOYBEHHBIMI PaCTBO-
paMy B NOA3ONMUCTBINI ropusoHT E, Gpopmupys cepoBaTelil iy cephlil MMPOTEeHHBIN
nopzonuctelii Epyr. Kpynusle yrimm octaHyTCs Ha IIOBEPXHOCTM OYBEHHOTO PO,
€C/IM He IIepeMelllaHbl C MMUHEPaJIbHbIM CIOE€M IIPU PEKPealliOHHOM BO3JEICTBUMN.
BoccranaBnmBaomasca necHas NOACTMNKA HapacTtaeT mosepx Oepyr m/mnmm Eopyr.
ITpu sTOM MefIeHHO pa3yaraeMble KPYIIHBIN U CpeHepasMepHBIil HeTpUT (pparMeHThI
KOPBI, BETOK, IINIIEK) U 60/ee pa3oXXeHHBIN MeJIKUII ZeTpUT OyAyT IIOCTYIIATh U3 IOJ-
ctunku B Eopyr. Takum obpasom, popmupoBanue nogropusonta Eopyr nper nox Bimu-
AHMEM JIBYX (PaKTOPOB: IEPUOANIECKOTO OBICTPOTO HEJICTBYIOLIETO MIPOTEHHOTO U I10-
CTOSIHHOTO MeJ/IEHHOTO ITOCTYIUICHNSI CTAOVIBHOTO JeTPUTA.

Yd4eT cTaOM/IbHBIX NMPOTeHHBIX KOMIIOHEHTOB OyeT CIIOCOOCTBOBATD ITOBBIIICHIIO
TOYHOCTM OIJ€HKM 3aIlacOB OPTaHMYECKOIO BelleCTBa JIECHBIX IT0YB U JeTalN3alu pe-
3y/IbTaTOB MIMUTALIOHHOTO MAaTEMAaTU4YECKOTO MOJIEIMPOBAHNA JI/IA COCTABJIEHNUA Olie-
HOYHBIX IIPOTHO30B B/IMAHMA II0)KapOB, PyOOK 1 VISMEHEeHMs K/IMMaTa Ha 9KOCUCTEMBI
60peasbHBIX JIECOB.
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ApTopsl BeIpaxaloT 6marogapaoctb A.C. ®eokTncrosoii-3apenkoit 1 b.A. Myxnesy
3a yyacTye B HeKOTOPBIX 9TallaX 9KCIIepPYMEHTaTbHBIX PaboT.
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ITonos .10.!, KotoBa M.A.!

«BOCCTAHOBNEHWE NNENCTOLEHOBOW MEFAD®AYHbI»
HA CEBEPE POCCUIN

CornacHO KOHILIEIINMM BOCCTAHOBJIEHNA IIIEICTOLIEHOBOI MeradayHsbl, 6a30Bble IO-
KasaTe/y IjI IPUPOZOOXPAHHOI OMOIOrMM Hafj0 MCKATh B JAJIEKOM IIPOIIOM, KOTJa
KPYIIHbIE >KMBOTHBIE OBV PasHOOOpasHBI ¥ MHOTOYMC/IEHHBL {51 BOCCTaHOBJIEHWS
HOPMAQJIPHOTO COCTOSIHMS IPUPOABI HY>)KHO BOCCTaHaBIMBaTh MeradayHy, a eClIy OHa
YHUYTOX€HA, TO HY>KHO VCIIO/Ib30BaTh 4y>KEPOJHbIE BUMDBL: 3allyCTUTh CTIOHOB B AMe-
pUKy, 6130HOB B CuOMpD, BBIIYCTUTDh HA BOJIIO jIolIaziel ¥ ObIkOB U T. A. IlogoOHBIE
IIPOEKTBI OIIPAaBIAHBI STNYECKM (IIOCKO/IbKY Ye/loBeK HaHéc MeradayHe Bpeq, TO e€ BOC-
CTAQHOBJIEHME CIIPaBE/IVBO), SCTeTNYeCKM (KpYIHBbIe 3BepU IPUBJIEKATENIbHbI), 9KOIO-
rudecky (KpyIHbIe 3Bep) CO3[AI0T ONTMMAJIbHBIN OATaHC JPeBECHON M TPaBSHVCTON
PacTUTENIBHOCTHU, YTO OIpefie/isieT BBICOKOe pasHOooOpasye MeCTOOOUTAHWI M 3KOCU-
CTeM) U 9KOHOMUYECKV (KpPYyIIHbIe 3BEepPU SIBJISAIOTCSA U OMONIOTMYECKVMM PeCypcoM, U
IIPUBJIEKATE/IbHBIM TYPUCTUYECKUM 00beKTOM). TeM He MeHee Hepe[JKO BbICKA3bIBAeTCs
KPUTHKA: 1I000e BCeJIeHe YY>KePOIHOTO ByUia — «Taby», IOTOMY YTO HapYIIUT MeCTHBIE
9KOCUCTEMBI.

OcobeHHO 3aMaHuYMBa MJesl BOCCTAHOBJIEHMUs «IUIEVICTOLleHa» B OOpeasbHON 30HE
Poccuy, MoCcKoNIbKy OHa KpajiHe Majlo HacelleHa M Ka)KeTCs IPUTOJHON IJIA MacIuTad-
HBIX IPOeKTOB. Hambonee n3BeCTHBIM 00BEKTOM, T7ie BeETCS MOOOHAS [esITeTbHOCTD,
asnserca [IneficronieHoBbIN MapK, co3faHHbli C.A. 3UMOBBIM HEIaNIEKO OT YCTbs PEKU
KonbIMbl. 9TO Oropo>keHHBIIT 3a00pOM «KpyTr» AUaMeTpoM 5 KM. B HEM yxe ayuTenbHOe
BpeMs COflep)KaTCsl pasINYHble KONBITHBIE — AKM, OM30HBI, 3yOpBl, IOV, OBIEOBIKI,
onenu. OXupaercs, 4YTo B TAKOV CUTYallMM Cpefia IpeobpasyeTcs: BMeCTO JIecoB 1 60-
70T cPOpPMUPYETCST OTKPBITOE IMPOCTPAHCTBO, HAIIOMUHAOIIEee TYHAPOCTENb — MECTO-
obutanne MaMoHTOBON QayHbl. KonbiTHble B [Tapke BBDKMBAIOT, HO He BIIOJIHE CaMO-
CTOSITeNIBHO. B 0cOOeHHOCTM, B 3MMHee BpeMs MX NOAKapMIuBaioT. OHU OKa3bIBAIOT
BO3JIE/ICTBYE HA PACTUTEIbHOCTD, HO IUIOLJA/lb OTKPBITHIX «TYHJPOCTEIHBIX» YYaCTKOB
HeBeJIuKa.

[TnanupoBanoch co3fanyue aHaornyHoro «Ilapka 1eAHMKOBOrO Mepuoja» Ha ceBep-
HOM Ypajie, HO OH OTPaHMYMJICS TOJNBKO pa3BelleHMeM OBIIeOBIKOB. PacceneHne oBlje-
ObIKOB MO>KeT pacLieHMBATbCsl KaK «IUIEICTOL[EHOBOE BOCCTaHOBIeHMe». OBIeOBIKN
B EBpasum mcyesnu oxkono 2700 et Hasaz, HO MOC/IESHME NeCATUNETUA BEETCA YCIIell-
Has paboTa 110 MX MHTPORYKIMAM. Ha JaHHBI MOMEHT CO3[JaHO 0KOJIO 10 IOmy Ismmii.

OHTY3MAaCThI «IJIEJICTOLIEHOBOTO BOCCTAHOBJIEHNA» BO3J/Iaray HAaJEeXK/bl Ha OMYaB-
HIIMX JOMAIIHNX >KMBOTHBIX, CXONHBIX C AMKMMMU Ipenkamyu. Ho Ha maHHBIT MOMEHT

! Cankr-Ilerep6yprckuit rocygapcTBeHHBINN YHUBepCuUTeT, Poccuiickas Oepgeparust, 199034, CaHkT-
I[Tetep6ypr, YHUBepcurerckas Hab., 7-9.
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Ha ceBepe Poccyy M3BeCTHBI TONBKO [Be HeOOJbIlMe IPYIIbl OfMNYABIINX JIOUIAfle —
Ha KamyaTke 1 Ha Ko/bckoM mOyocTpoBe, HO He COBCEM ACHO, HACKO/IBKO CTaOVIIBHO
¥ CAMOCTOSITENIBHO OHY CYII[eCTBYIOT.

[T1eiicTOLleHOBOMY BOCCTQHOBJIEHMIO COOTBETCTBYIOT MHTPOAYKIMM 3yOpa B Boio-
TOJICKYyI0 0071acTh U 6130Ha B SIKyTUIO, TO €CTh Ha TEPPUTOPUM, PACIIONOKEHHbIE 3HA-
YNTEJIPHO CeBepHee MCTOPMYECKOTO apeana. ITi paboThl BemyTca yxe Oomee 30 ner,
3yOpbl 1 OM30HBI yBETMYMBAIOTCS B 4nciie — B Bonoroackoit o6mactu 6oee 100 3y6pos,
a B SIkyrum - 6omnee 300 6130HOB, XOTS B IIOCTIETHEM C/Ty4ae TONbKO 1/3 oburaer B ecre-
CTBEHHOII Cpefie.

[ToMMMO VMHTPORYKINI IIEICTOLIEHOBOMY BOCCTAHOBJICHNMIO OTYACTV CIIOCOOCTBYeT
paccerneHe «0OBIYHBIX» «HEIUIEHICTOLIEHOBBIX» KPYITHBIX M/IIEKOMUTAOIX B CEBEPHOM
HaIpaBJIeHNUN, KOTOPOe HEYKIIOHHO mporpeccupyet. OCOOEHHO MpyMeYaTe/IbHbl B 3TOM
OTHOIIEHNM CITy4ay OBICTPOTO pacceneHMst KabaHa, KOCyIM M OTaropogHOrO OJIeHS.
I[TepBble ABa BUa y)Ke OTMEYa/INCh Y IOMISPHOTO KPyra MIN faXke ceBepHee. AHTPOIO-
TeHHOe IIpeoOpa3oBaHVe PACTUTENBHOCTY B COBOKYITHOCTY C BO3JE/ICTBMEM IOTeIlIe-
HYIS1 K/IIMAaTa CIOCOOCTBYIOT IIO{OOHBIM SIBTIEHVISIM.

CBUZETeNTbCTBA BOSMOXHOCTH «IUIEVICTOL[EHOBOTO BOCCTAHOB/IEHVSI» YBEINUMBAIOT-
C B 4MCTIe, OfHAKO YMCIEHHOCTb «aHa/IOrOB» IlIelicTolleHa Ha CeBepe Maja, U UX Me-
CTOOOMTAHNA 3aHMMAIOT HEOObILIYI0 TeppUTOpMI0. COOTBETCTBYIONINE IPOEKTDI SABJIA-
I0TCSL TPYOEMKVIMM, JOPOTOCTOAILIVMY U HEJOCTATOYHO MONMY/IApHBIMU. VIHTeHCBHasA
0XO0Ta TaK)Ke MPEeIATCTBYET MOJOOHBIM MHUIVATHBAM.

Kntouesvie cnosa: IieiicTOLCHOBBIN NTapK, MeraayHa, BOCCTAaHOBJICHME.

Paboma svinonuera npu noooepxe epanma PH 23-24-00031.



BMO/10T'MA U BUOSKOANO0TIMUA

Ponuonosa A.A.!, Tumodeena E.A.Y,
3yesa A.C.%, I'mmenn6pant [I.E."?

OCTPOB CECKAP (BANNTUACKOE MOPE, NEHVUHIPAACKASA OBJIACTDb)
KAK OBBEKT IMXEHO®IOPUCTUYECKNX NCCNELOBAHUI

Octpos Ceckap (¢un. Seiskari) pacmomoxen B 103 kM Kk 3amagy or CaHKT-
[Terepbypra u B 19 KM K ceBepo-ceBepo-3amafly oT OnpKaiuiero modepexns (MbIC
Konromns). ITnomans octpoBa — 4,5 KM?, MakcuMasbHas BBICOTA HaJl yPOBHEM MOPsI —
16 M. ®opMmpoBaHMe OCTPOBA CBA3aHO C OTIOXKEHNAMY BayHOB, IMEIOLUIVIMM JIEH-
HIKOBOE IPOMCXOKAEHNE U IEePeKPbITHIMM YeXTIOM MOPCKUX OTIOXXEHMUI TOHKO3ep-
HIICTOTO TIecKa. leHTpa/nbHasA 4acThb OCTPOBA 3HAYUTENTBHO OOIeceHa, BOCTOYHOE TI0-
Oepexxbe 3aHATO CUCTEMOII II0H, BAAIOLIVXCS BITIyOb ocTpoBa Ha 100-500 M. 3amagHoe
nobepexxbe 0. Ceckap MepeXOANT B CUCTEMY METKOBOJMI, KOC U HEeOOIbIINX OCTPOB-
KOB, CaMblil KPYIIHBIl ¥ JAJIbHUI U3 KOTOPbIX — Kokop — 00/ecéH u umeer mioimagpb
okoio 1,5 km? [1].

B XVIII B. Ha o. Ceckap BO3HMK/IN (PMHCKME MOceNieHusA. BIutoTh o mepBoit mono-
BuHBI XIX B. OCTPOB OBII TYCTO 3ace/IéH 1 IOfIBEP)KEH aHTPOIIOTeHHOMY BO3JIEVICTBUIO —
3eChb pacIoIarajych iBe JepeBHNU, KypopT, HacToumia, cajsl, oropopabl. Octpos Kokop
TaK>Ke MCIIOIb30BaJICA B KaueCcTBe MacTOMINa, HO IIOCTOSAHHO 3aceléH He ObUL. B 1939 .
Ceckap Bomén B coctab CCCP u cras 30HOJ IOTPAaHNYHOTO PeXUMa, IIOCTOSIHHbIE T10-
Ce/lleHMsI IPeKpaTWIM CBOE CYIIeCTBOBAHME, PEe3KO YMEHbUIMIACh aHTPOIIOTeHHAs
Harpyska Ha octpoB. Ceryac Ha Ceckape IOCTOSSHHO HaXO[ATCA TOTBKO CMOTPUTENN
Mmasika. C 2017 r. BOCTOYHAs 4acTbh OCTPOBA C MeJIKOBOAbsAMU U 0. Kokop BXopAT B co-
CcTaB 3amoBeffHMKA «BocToK OMHCKOTO 3ammBay.

JIuxeHodopa ocTpoBa IMPAaKTUYECK) He M3ydeHa 10 CPABHEHMIO C IPYTVIMU Jlajib-
HuMy ocrpoBamu ®uHckoro 3anmBa bantuiickoro Mops (B mpepenax JIeHMHTPafCKOIt
0671.). B mybnmkanuax B. Lemberg, mocBAmEHHBIX AIOHHBIM coobuiecTBaM (2, 3], ymno-
MSIHYTBI TUIIb 7 BUJOB PAaCIPOCTPAHEHHBIX B PErMOHE HANOYBEHHBIX JMIIAMHUKOB:
Cetraria aculeata, Cladonia arbuscula, C. fimbriata, C. phyllophora, C. rangiferina,
C. squamosa u Stereocaulon paschale.

B 1993 r. na 0. Ceckap KpaTKOCpO4YHO Haxopwmaach anbronor H.b. banamosa, ee ne-
MHOTOYVC/IEHHbIe COOPBI IMIIATHNKOB OBUIM 00pabOTaHbI M IPefCTABIEHbl B ITyO/IN-
Kaiuu H.M. AnexceeBoit [4]. Bcero B Heit mpuBeneHbl 14 MacCOBBIX 3TMUQPUTHBIX BU-
nos - Hypogymnia physodes, Lecanora allophana, L. carpinea, L. symmicta, Lecidella
elaeochroma, Melanohalea exasperatula, M. olivacea, Parmelia sulcata, Physcia stellaris,
P. tenella, Polycauliona polycarpa, Tuckermannopsis chlorophylla, Vulpicida pinastri,

! Cankr-Ilerep6yprckuit rocyapcTBeHHbIN YHUBepcuTeT, Poccuiickas Oepeparust, 199034, CaHkT-
ITetep6ypr, YHuBepcurerckas Hab., 7-9.

> I'BYH Boraunyecknit uactutyt uM. B.JI. Komaposa PAH, Poccuiickas @enepanust, 197376 CaHkT-
ITetep6ypr, yi. [Tpodeccopa Iomosa, 2.
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Xanthoria parietina, a Taxxe 1 smwmrtHbl — Parmelia saxatilis. Takum obpasom,
10 Haya/Ia HAIVX VICCTIETOBAHMI IS OCTPOBA ObIIV M3BECTHBI JIVIIb 22 BUA, JAHHBIX
0 MuIIaiHuKax o. Kokop Her.

VccnenoBannusa aBTOPOB IPOBEEHBI B Iepuof ¢ 26 urond mo 3 asrycra 2023 T.
JIX menpio ABMIOCH VICUEpIIbIBaIOLee M3ydeHNe PasHOOOpasys JMIIANHUKOB U POJ-
CTBEHHBIX UM Ipn6oB 0-BoB Ceckap u Kokop. O6cieoBaHa BCsi TEpPPUTOPSI OCTPOBOB,
yIe/lIeHO BHUMaHVe KaK BCeM TUIIMYHBIM, TaK U YHUKAJIbHBIM OMOTONAM, M3y4YeHBI BCe
TUIIBI CyOCTPATOB, 3ace/seMbIX INIIATHNKaMI. B xofe nccnemoBanms 3anoxeHo 38 oc-
HOBHBIX IPOOHBIX IUTomazieit (2 m3 Hux Ha 0. Kokop), a Taxxe 4 JOMOTHUTEIbHBIX.
Ceckap yHUKajIeH [JIOHHBIMM KOMIUIEKCAMM Ha Pa3HBIX CTaIMAX 3apacTaHusA, IO3TOMY
0co6oe BHUMaHNE MBI YAEIAIN 3TUM COOOIIeCTBaM, a TaKKe aHTPOIIOTeHHBIM MeCTO-
OOMTaHMAM ¥ OTHOCUTE/IBHO HEMHOTOYMC/IEHHBIM JIMIIATHUKOBBIM COOOIIeCTBaM Ba-
JIyHHBIX ITOOepeXXnii X KOC CO 3HAYUTE/NTbHBIM OPHUTOKOIPOMUIBHBIM BO3JE/ICTBYIEM.
K uycny TMIIMYHBIX 6MI0TONIOB OTHOCATCS COCHSKY, TaK>Ke IPOOHbIe IUIOLIANN 3al0XKe-
HBI B IPEBOCTOSAX C JOMVHJPOBaHMeM Oepe3bl, YepPHOII OJIbXY, €IN.

Cob6paHHbIiT MaTepuan Haxogutcsi B ob6paborke. Ilo mpenBapuTebHBIM JaHHBIM,
Ha 0. Ceckap Hambosiee 6OTATBIMU SBJIAIOTCS SMVINTHBIE, SNV(UTHBIE ¥ HATOYBEHHbBIE
JIOHHbIE JIMIIAHNKOBbIe COOOINecTBA. B HamoOYBEeHHBIX COOOIIECTBAX JOMUHMPYIOT
Cladonia arbuscula, C. rangiferina, C. uncialis, Cetraria aculeata, C. islandica. B npu-
Ope>XXHBIX BaTyHHBIX COOOIIECTBAX YacTo BCTpedarTcsa Parmelia saxatilis, Physcia ad-
scendens, P. caesia, Protoparmeliopsis muralis, Xanthoparmelia conspersa, BcTpedae-
MOCTb STIVIMTHBIX BUJOB 3aBUCUT OT CTEIIeHV OPHUTOKOIIPODIBHOTO BO3/IEICTBYA.

YunTbiBasgs OTpaHMYEHHYI IUIOIA[b, WCTOPMIO OCBOEHMS M JIaHAMIA(THO-
HeHoTu4eckne ycinoBua o. Ceckap, CIOXKHO OXNJATb BBIABIEHMA 3hech OOraToil m-
xeHo¢mopel. TeM He MeHee, pe3y/IbTaThl HAILIETO VICC/IEAOBAHMS ITO3BOJIAT 3aKPBITh OfI-
HO U3 IOC/IeHUX OesbIX IATeH Ha JIMXEHO/IOTMYEeCKON KapTe poccuiickoil yactu ban-
TUICKOTO MOPA.

Kntouesvie cnosa: Ceckap, muxenodnopa, bantuiickoe mope.

Paboma svinonuera 6 pamkax nnarvosoii memot bVIH PAH Ne 121021600184-6.
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CTPYKTYPHbLIE N PETYNIATOPHbIE ACINEKTbl OPTAHOIEHE3A
EQUISETIDAE N POLYPODIIDAE

[TosiBNeHVe HOBBIX HACOKIMMATIYECKUX ¥ (PIIOTEHETNIEeCKNX PEeKOHCTPYKIINIL,
a TaK)Ke CYLIeCTBEHHBIJI IPOTPecc B M3Y4YeHWUM pPeryrsanuu Mop¢doreHesa MOJETbHBIX
IIBETKOBBIX OTKPBIBAIOT IIEPCIEKTUBDI PeIleHNs AUCKYCCHOHHBIX BOIIPOCOB MOp(oIo-
TMYeCKOll 3BomonVy pacteHmit. OfyH M3 HUX — BOIIPOC O CIIOCOOe BO3HMKHOBEHVS
Y pacTeHWil CHelMaaN3MpOBaHHBIX H/Is1 GOTOCHMHTe3a OOKOBBIX OPTaHOB — JIMCTHEB.
Cy1iecTByeT TpU CLieHapys: MCThs BCEX PACTEHMII MOSIBUIINCH KaK pe3y/IbTaT Ipeobpa-
30BaHMs OE3IMICTHBIX OCell (TeIOMOB) MepPBbIX Ha3eMHbIX PACTEHMII; IUCThsI HE3aBUCK-
MO BO3HVIK/IV IBX/IBI: ¥ IVIAYHOBMIHBIX KaK BBIILAYMBAHNUA (POTOCHHTE3MPYIOLLElT KO-
PBI TEJIOMOB, @ Y OCTa/IbHBIX PacTeHMII B pe3y/IbTaTe yIUIOIIeHN U "o0pacTanns Me30-
GWIIOM CHCTeM TeJIOMOB; TUCTbA BO3HMKAINM MHOTOKPATHO, TIOCKO/IBKY IIPENKM IIIay-
HOBUAHBIX (Zosterophyllopsida), pasubix knag manopotuukoBupHbIx (Hyenia, Cladoxy-
lon, Rhacophyton) u cemeHHsIx (Pertica) 6bU1M 6€3MUCTHBIMMA.

Hacrosiee nccneoBaHye BBIITOTHEHO B PaMKax paspaboTKM BOIPOCa O TOMOTIOTUN
penynupoBaHHBIX /cThbeB XBowmoBBIX (Equisetidae, Polypodiophyta) u nmucrbe "tn-
OMYHBIX IanopoTHukoBuaHbIX (Polypodiidae, Polypodiophyta). V3yuens! crpoenue
amMKaIbHBIX MepucTeM ux moberos (AMII), 3anoxeHue u pasButme aucTbeB [1, 2].
YT0OBI OLIEHUTD B KaKOJ CTeneHN (paKkTOpHl, ONpefieNsiolye paHHIOI OCTAHOBKY MOp-
¢doreHesa MICTbEB XBOIJOBBIX CXOMIHBI Y BCEX HECEMEHHBIX PAaCTeHMII C pefylipOBaH-
HBIMM JIUCTBSIMM, U3y4eHbl CTpykTypa AMII u opraHoreHe3 IUIayHOBUJJHBIX
(Lycopodiophyta) [1] n mcunorossix (Ophioglossidae, Polypodiophyta). [Ins BbLsaBie-
HVISL CXOZCTBA VI PAa3/INuuil B PeryALuy MopgoreHesa pasInyaronuxcsa 10 Mopdoso-
TUY ¥ aHATOMMU JIUCTbEB B TeHOMAX IIpeJICTaBUTe el BCeX TAKCOHOB HeCeMEHHBIX pac-
TEHNI IIPOBeJieH IOMCK TOMOJIOTOB perynATopoB MapruHanbHoit (WOX3) n mractus-
gatoit (WOX1) MepucTeM /MNCTa, a TAKXKe PETYIATOPOB Pa3BUTHS €O aflaKCHaTbHOTO
(ARP, C3HDZ) n abakcuanproro (YABBY, KANADI) noMeHOB; peKOHCTpYMpOBaHa MIX
dunorenns (2, 3].

BoraBneno, uyro AMII Bcex wusydeHHBIX manopotHukoBuaHbelx (Equisetidae,
Polypodiidae, Ophioglossidae) n mmaynoBupgubeix m3 mop. Selaginellales oTHOCATCA
K MOHOIUIEKCHOMY CTPYKTYPHOMY THUILY, CXOZHBI IO BBICOKOJI IVIOTHOCTY pacIpefiere-
HYSI IIEPBUYHBIX IUIa3MOZIECM, HO Pas3/MYaIOTCA IO YIbTPACTPYKType KieTok [1, 2].
Y Polypodiidae, y koTopbIx exxerogHo obpasyercs He 6ojiee HeCATH JIUCTbEB, KIETKM

! Caukr-IleTepOyprckumit rocyaapCcTBeHHbI yHUBepcnTeT, Poccuiickasn ®enepauns, 199034, CaHkT-
ITetep6ypr, YHUBepcuTeTCKas Hab., 7-9.

> ®T'BYH Borannueckuit nacturyt uM. B.JI. Komaposa PAH, Poccumiickas Penepanns, 197376,
Canxkrt-Ilerep6ypr, yi. IIpodeccopa [Tonosa, 2.
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AMII cnnbHO BaKyONMM3MPOBAHBI U XapaKTePU3YIOTCS IPUCYTCTBYEM OOJIBIIOTO KOJIM-
4eCcTBa JIMINMIOB B IVTOIUIa3Me ¥ KPaXMa/IbHBIX 3€peH B IUIACTHAAX — IIPU3HAKAMI, Xa-
PakTepHBIMM [JI1 MepUCTeMaTH4eckux KiaeTok B Imokoe [l]. Y Equisetidae u
Selaginellales, y KoTopbIx ekerogHo ob6pasyeTcss HeCKOIbKO IeCATKOB IMCTbEB, KIEeTKM
AMII MeHee BakyOo/nM3MpOBaHbI, KpaxMasl U JUINMABI B HUX He HakarmBaoTcs [1, 2].
AMII nmayHoBUAHBIX 13 HOp. Lycopodiales oTHOCKHTCS K CUMITTIEKCHOMY THITY, HO Y/IbTpa-
CTPYKTypa ee KiIeTok cxopHa ¢ TakoBoil Selaginellales, Polypodiidae, Equisetidae u
Ophioglossidae. B cummnexcnoit AMII Lycopodiales nMmerorcsi kak mepBUYHbBIe, TaK U
BTOpWUYHBIE IIa3MOAecMBl [1, 3], mogTBepskaas, 4To crocod 06pasoBaHys IIa3MOLIECM
omnpenesnsier CTpyKTypHbit T AMII. OpraHoreHes M3y4eHHBIX MAIOPOTHUKOBUIHBIX
U TUIAYyHOBUJHBIX KOppenMpyeT co CTpyKTypHbIM Tuiom AMII: y Bcex pacrenmii ¢ mo-
HotuteKcHOVt AMII OH HaYMHAaEeTCsI ¢ BOSHMKHOBEHS allMKa/IbHBIX MHUIIMATIEN TNCThEB
(AMI); B cumiutexcHoit AMII Lycopodiales muctbst 06pasyiorcst B pesynbraTe IpOJu-
¢depanuu rpynmnsl kinetok [1, 2]. Kmodeyto ponbp B Mopdorenese mucta Polypodiidae
UTPAIOT allMKa/JIbHasA MEPVCTEMa JIMCTA I MapTUHAIbHAA MepycTeMa, 00pasyrolas amm-
Ka/IbHble VIHULMA/IM TIepbeB U Iepbiiiek [4]. PaHHsAsS ocTaHOBKa MopdoreHesa MMCTbeB
Equisetidae n Psilotales — cencrBue Bakyonnsaunm AVJI u ee npou3BOJHBIX, B Pe3y/ib-
TaTe KOTOPOJI B 3a4aTKaX JIMCTbeB He BO3HMKAIOT MaprMHAIbHAsI U IUIACTUHYATAS Me-
pucremsl [2]. B nuctbsix Selaginellales u Lycopodiales kpaTkoBpemeHHO yHKIMOHN-
PYIOT alyKalbHas, MapTrYHA/IbHAsA U IVTACTUHYATAsA MEPUCTEMBI.

T'oMo/IOTM M3BECTHBIX /IS IIBETKOBBIX PEry/sITOPOB pasBuTHs afakcuanbHoro (ARP,
C3HDZ) n abaxcuanproro (YABBY n KANADI) nomeHOB nucTa BBIABIEHBI Y MOXO-
BUJIHBIX, YTO YKa3bIBaeT Ha X BEPOSTHOE IPUCYTCTBHUE Y OOIIEro mpefiKa BCeX BBICIINX
pacrenmit. ARP Obu1 mpepmonoxurenbHo yrepsH y Lycopodiales [4], a YABBY -
y Selaginellales [3]. Hanmune y Bcex manoporunkoBupubix (Equisetidae, Polypodiidae,
Ophioglossidae) eguucTBeHHOTO perynsaropa agakcuanbHoro (C3HDZ) u eguHCcTBeH-
Horo perynaropa abakcuanbHoro (KANADI) foMeHOB n1cTa YKa3bIBalOT Ha BEPOATHYIO
yrepio ARP u YABBY y o6uero npenka Polypodiophyta [3]. Pekonctpykuus ¢uore-
HVJ BBISBJICHHBIX Y MOXOBU/IHBIX, IVIAYHOBMIHBIX ¥ HAopoTHUKOBUAHBIX WOX 6er-
KOB [T03BOJIM/Ia IIPEIIONOXNTH, 4TO T3 K/Iaga, K KOTOPOJ OTHOCSATCS PeryysiTopbl Map-
TMHAIBHOM M IUIACTMHYATOM MepUCTeM JIMCTa BO3HMKJIA Yy oOOIlero mpepka
Polypodiophyta [2]. CXoncTBO B MOJIEKY/IAPHO-T€HETUYECKOI PeTy/IALNA TUCThEB BCEX
IIaIIOPOTHMKOBVIHBIX, YKa3bIBaeT Ha VIX BEPOATHYIO TOMOJIOTHIO, @ X Pas/IN4ys CBs3a-
HBI C 0COOEHHOCTSAMY (PYHKIIMOHMPOBAHVA IVCTOBBIX MepucTeM [3, 4].
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Caxaposa O.A.', J)Kykosa E.A.?, Hagmoposxckas M.A.!

YTOYHEHUE NPNYUNH NOALUENAYNBAHUNA TOPOACKNX MOYB
HA MPAMEPE YPBAHO3EMOB JIETHEIO CAAA
N NHXXEHEPHOI'O CKBEPA

YpbaHusarusa usMeHseT TUI IOYBOOOPAa30BAHNUA C MOCTIUTOTEHHOTO HA CUHIIATO-
TeHHBI, MOJII[e/IauyMBaeT TOPOJCKIEe TIOYBBI 3a CYeT BK/IIOYEHMIT M3BECTKOBBIX CTPOU-
TeTIbHBIX MaTepuanoB [1], arMocdepHBIX BbIaTeHUI 1[e/IOYHBIX KOMIIOHEHTOB [2], mmo-
crymneHus nportuorononenubix cMeceit (II'C) ¢ tporyapoB u pmopor [3]. Kakas
U3 IIPVYYH ABJIAETCSA BeAyllell B MOAIeTaYBaHNY YPOaHO3eMOB, OTHOCUTE/IBHO MajIo
usydeHo. Ilenb paboTbl — omnpepenieHNe CTeNIeHN Y IPUYMH MOJe/IauMBaHusA ypbaHo-
3eMOB ncropmyeckoro eHTpa Cankr-Iletepbypra.

[TouBsI 3emeHbIX HacaxgeHuit JleTHero cajja U VIH)XeHEpHOTO CKBepa pa3nm4alTcs
10 ypoBHI0 ypbanusauyu. Ha teppuropun JleTHero caga MeHbIlle 3[JaHMIT, Ta30HBI 3a-
IMIeHbl 6OCKeTaMy, IPOTUBOTONONIENHYI0 OOpabOTKy He NPOBOAAT, BOJHBIE IIPO-
CTPAHCTBA PEK U KAHAJIOB C/IeP)KUBAIOT adpa/IbHBIN MIepeHOC 3arpssHuUTeNel ¢ 6msre-
JKAIUX Mpoe3kux vactelt ymuu. [TouBsl JleTHero cama, MeHee M3MeHEHHbIE BIVSHIEM
rOpofia, UCIIO/Ib30BAHBI /ISl CpaBHeHMs. VIHpopManuu o moyBax ra3oHOB VIHXeHepHO-
ro CKBepa B JIMTepaType HeT. VI3BeCTHO, YTO B IOYBAX OKOJIO IVIOTHON T'OPOJCKOI 3a-
CTPOJIKY, 0OpaM/IEHHBIX TPOTyapaMI M IIOCCETHBIMU Joporamy, peakuus cpenst (pH)
HOBBIIIAETCS.

VccnenoBaHHble TIOYBBI JIeTHEro cajja XapaKTepu30BaIUCh B TIOBEPXHOCTHBIX TOPU-
3oHTax pH ot crmabokmcnoit Ko HelTpanbHO, ¢ rayouHoit (40-45 cm) pH yBenmuusa-
mach fo 8,3. B murepaType 0OTMEUYEeHO, YTO B IIOBEPXHOCTHBIX TOPM30HTAX II0YB [A30HOB
1o Bceil Teppuropuu caga (47 npo6) pH BappupoBanach B fuamnasone ot 5,8 5o 7,4 u
yBenm4uuBanach ¢ ryomHoit [4]. CABUT peakuyy Cpefbl B LIETOYHYI0 CTOPOHY aBTOPBI
CBSI3BIBAIOT C HA/IMYVEM BK/IIOYEHMII CTPOUTE/IBHOTO MYCOPa, a MOAKUCIeH e 00 bsICHS-
I0T BHECEHMEM Y/I00peHMit Ha OCHOBe Topda.

bBoree cyliecTBeHHBIN POCT IETOYHOCTM C TTyOMHOJ BBISIB/IEH MJIS IIOYB Ta30HOB
VInxenepHoro ckBepa ot 7,0-7,6 (0-10 cm) mo 8,2-9,2 (40-50 cm). Bmsanms ce30HHO-
ctu or6opa npob Ha pH He o6HapyxeHo. IIpocTpaHCTBEHHOE BapblpOBaHNe LIETIOYHO-
CTU OIIpefieNIAeTCsl HEOJHOPOLHOCTBIO KY/IBTYPHOTO CJIOsA. YBEINYEHNS COMep)KaHNsA
KpynHo3eMa (Jactui > 1 MM) ¢ rrybnHo B cnoe mous 0-50 cM He BbIABIeHO. Kaue-
CTBeHHas peakiys Ha kapboHatsl (c 10 % HCI) B MenkoseMe ycunmBaeTcs ¢ IITyOMHOI,
Tak e pacTyT copiepkanyue CaCOs, e/IOYHOCTD OT BOZOPACTBOPUMBIX KapOOHATOB I
obas menovyHoctb. He BbIABIeHO cBsi3u pH U copepskaHus BOZOPAaCTBOPUMBIX COJEN
B BOJIHOJI BBITSDKKE.

! CankT-IleTepOyprckumit rocyaapCcTBeHHbI yHUBepcnTeT, Poccuiickasn ®enepanns, 199034, CaHKT-
ITetep6ypr, YHuBepcurerckas Hab., 7-9.
* Pyccxmit myseit, Poccuiickas ®enepauns, 191186, Cankr-Ilerep6ypr, VmxenepHas yi., 4.
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Habmromenns 3a pacnpefeneHneM IIPOTUBOTONONENHBIX CO/Mell Ha rasoHax JImxe-
HEpHOTO CKBepa paHHeil BecHOI1, 7 MapTta 2023 roja, moKasamu, 4YTo Tanas Boja mpob
CHera ¢ OpOBKM Ta3oHa COAEP>KUT 70 4 I/1 coneil. DTO KOMMYECTBO B IMpobax cHera
B 50 cM OT OPOBKM yMeHbIIAeTCS BJJBOE, Ha CepefiiHe ra3oHa — emle BiBoe. pH Tasoi
Bogpl 5,7-7,1. K 15 mapra 2023 rofa cHer IOYTM BeChb pacTasl, Tajble BOAbI CTEK/IN
110 ellje Mep3/I0ii T0YBE C Ta30Ha Ha TPOTyap, a 10 TPelHaM TpoTyapa — B TEXHOJIOTH-
YeCKyI0 ITOACBHINKY acaabTUPOBAHHON IELIeXOHON JOPOXKM. PacTBopeHHBIE COMN
3 TaJIBIX BOZBI He IO/ B IIOYBY Ia30HOB. Tajble BOABI IPOO CIEXaBIIETOCS CHera
uMeny MuHepammsanuo 50-140 mr/n n pH 6,8-7,2. CBA3b MeXAy YPOBHEM MUHEPA/IN-
3aI[uy TA/IBIX BOJ, CHera c Ta3oHOB 1 ux pH He oOHapyxeHa. [leficTBue cOell BEIPaXXKeHO
TO/IbKO Ha OpOBKe ra30Ha, Ile B KOHIIe MapTa OCTA/IVCh BBIIBETHI JIETKOPACTBOPUMBIX
coreit. IIpu atom pH mouBs! kpoMKu rasoHa 6bu1a cnabokucnasd. Kakoe BiusHme oka-
3piBaroT cocrapsomye [1I'C, NaCl n CaCl,, npu jyinteIbHOM B3aUMOJEVICTBUM C TOY-
BEHHO-TIOIJIOLIAIOIMM KOMIUIEKCOM YpbaHO3eMOB, TpebyeT usydeHus. Ilockombky,
II0 HAIIM JaHHBIM, pH Tamoit Bogbl Ipo6 TOPOCKOTO CHera, B3ATHIX BIA/IN OT TPOTYya-
POB U IIOCCEMHBIX OPOT, HEMTpa/lbHAs, TO 3VMHAA NbUIb HE ABJIAETCA ar€HTOM, IOJ-
Ime/IayMBaoIUM 1ouyBy. Hambonee BepoATHOV NPUYMHON IOBBIEHNS IIETOYHOCTU
B [I0YBaX Ia30HOB VIH)XeHEPHOTO CKBepa C ITTyOMHOI SABIAETCSA POCT COflepKaHMS Kap-
00HATOB B Me/IKO3eMe. SIB/geTca M 3To yBe/MndeHMe Cofep>KaHNsa KapOOHATOB pe3yb-
TaTOM IIepeMelleHNA 110 IPOPWII0 B IIOYBEHHBIX PACTBOPAX C IOCTEAYIOUIVIM OCaX/e-
HueM Ha rmyb6use 40-50 cM, m160 HakoIUleHVe KapOOHATOB B MeJIKO3eMe IIPOVICXOJUT
BCJIEACTBIE paspylLIeHNs 60/lee KPYITHBIX BK/IIOUYEHMIT CTPOUTETIBHOTO MycOpa Ha MecTe,
TpeOyeT Ha/bHeIIeTo U3yIeHN .

ABTOpBI BBIPOXAIOT 0/1arOJapHOCTh COTPYAHMKAM CEKTOpA yueTa ¥ MOHUTOPVHIA 3e-
JIEHBIX HaCOKJEHMI cafioB Pycckoro myses 3a CofieliCTBIE B IPOBEEHNN UCCIIEJOBAHNIA.

Kniwouesvie cnosa: Cankr-Ilerepbypr, ypbaHoseMbl, OAle/IadBaHNe, U3BECTKOBbIE
CTPOUTETbHBIE MAaTepUaIbl, IPOTHUBOTOJIONIEJHbIE CMECH.
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Cepenmuckas M.B.!, Tunés A.H.!

NCCNEAOBAHUE NPOCTPAHCTBEHHbIX OTHOLLUEHWIA OCOBE
B rPYMMAX MO MATEPUATAM ASPO®POTOCBHEMKN

AnHoranusa. Hacrosmee ycciegoBanye NOCBSAIIEHO IMPOCTPAHCTBEHHOMY pacIipe-
leIeHNI0 TPYNIII caiiraka (Saiga tatarica) OTHOCUTENBHO 3HA4MMOro oObekTa. bbima
IpOaHAIM3MPOBaHa IUIOTHOCTb pacIpefie/ieHNsi 0cobeil B 3aBUCUMOCTY OT OIM30CTU
K BOZIOEMY, a TaK>Ke M3Y4eHO YaCTOTHOE paclpefeneHNe AVUCTAHINIL, II03BOJIAIOIee
IPOCTIENUTD HalTN4Ilie MHOTOYPOBHEBOII CTPYKTYPBL.

BBemenne. MHOroypoBHEBbIE COOOIIECTBA — 3TO CTAOWIbHBIE O0BEAVHEHNS 0CO6e
OIHOTO BUJia C HECKONbKVMU BJIOXKEHHBIMY YPOBHSMU COLMAIBHOI OpTaHM3aLVINL.
VHTerpauys B mofo0HbIe COOOIIECTBA MPELOCTAB/ISIET 0COOSIM JIydllIVie BO3MOXXHOCTH
UL pa3MHO>KEHNs, 3alIMThl, COTPYAHNYECTBA U MonydeHu:A uHpopMaryy. OHu 6bUIN
OOHapY>KeHBI Y 1Ie/IOTO Psifia TAKCOHOB, OJHAKO Ha/lM4/e UX Y HapPHOKOIIBITHBIX BCe ellle
He TopaTBep>xaeHo. ObpasoBaHue IOJOOHBIX CIOXKHBIX CTPYKTYpP B/IeYeT 3a o000l u
OIlpeie/ieHHbIe 3aKOHOMEPHOCTH B IIPOCTPAHCTBEHHOM PAaCIONOXKeHNN 0C00eit, T03To-
MY JiI YCTAaHOBJICH)S MHOTOYPOBHEBOJ CTPYKTYPBI MUCIIONIb3YIOT IMCTOTPAMMY YacTOT
MEXVHIVBUIYaTbHBIX PACCTOSHMUII B arperanysax ocobeil, KOTOpas ITOKa3bIBaeT [Ba U
60J1ee MMKOB PV HA/IMYUY HECKOIBKUX YPOBHEN MHTETPALIUN.

Carirak (Saiga tatarica) — cTelIHOe ITaPHOKOIIBITHOE, KOTOpPOe 00pasyeT KpyIHbIe ce-
30HHBIE CKOIUICHN, TIOAXOASAIINE J/IsI a9POPOTOCHEMKY € IIOMOIIBIO OeCIIMIOTHBIX JIe-
TaTe/IbHBIX ammaparoB. JlaHHBI BUE 0OpasyeT TPYIIIBI NPY MacTbbe, pa3MHOXKEHNI,
MUTpAlVAX, @ TaKXKe Y 3HaYMMBIX OObEKTOB, PEKMX B YCIOBMAX CTeNM, HAIpUMep,
y BogoeMoB. Cajiraky NpUCBOEH CTaTyC BUJA, HAXOASIIETroCsl B KPUTUYECKOM COCTOS-
HVM, TI0O9TOMY IIOMUMO JCC/IEJOBaHVsI MHOTOYPOBHEBOJI CTPYKTYpPbI OBITIO paccMOTpe-
HO pacipefe/ieHne OTHOCUTENbHO 3HAYMMOTO /Il BBDKMBAHU Cajiraka o0beKkTa — BO-
noema. Take IONTy4eHHbIe CpefHME 3HAUeHMs O/M30CTY MBI CPaBHWIM C TaKOBBIMU
B IIpexxHue ropbl — 2,7 + 0,5 M (o backun, 1976).

Marepuansl n MeTopbl. [Ipy moMoly 6eCIMIOTHBIX JIeTaTe/TbHBIX allllapaToB B 3a-
KasHuKe «CTemHOM» ACTpaxaHCKOI 067acTy ¥ 3amoBefHMKe «YepHble 3eMyy» ObUIN
nony4eHs! GOTO- ¥ BUIEON300paXkeHMsI CKOIIEHNUII CalirakoB, 13 KOTOPBIX IIPY IIOMO-
my nporpaMMHoro obecnedenus AgiSoftMetashape Opym cospmanbl opTOQOTONIAHDI,
a0coby Ha HUX OBUIM pasfielieHbl Ha TpM KaTeropum O1m3ocTu K BopoeMmy (puc. 1):
1 - Ha BOJiE, 2 — Y KPOMKM BOMIbBI, 3 — BJA/IN OT BOJBI, IIOC/I€ YETO BHYTPU KaXKIOTO 60Kca
OT/Ie/IbHOJ KaTeropuy ObIIM TOCYMTAHBI U CTATUCTUYECKN 00paboTaHbl 3HaYeHNUs O/n-
30cTy MexXay ocobssmu. [To aTuM JTaHHBIM ObIIM COCTaB/IEHBI IMCTOTPAMMBI YacTOT Me-
JKVIHJVIBUZYa/IbHBIX PAaCCTOSHMIL.

! Cankr-Ilerep6yprckuit rocygapcTBeHHBINN YHUBepCuUTeT, Poccuiickas Oepgeparust, 199034, CaHkT-
I[Tetep6ypr, YHUBepcurerckas Hab., 7-9.
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Puc. 1. Kateropun Ha pparmeHTe BofjoeMa.

PesynbTaThl 1 BBIBOAbI

1) Tecr Kpackemna-Yomnmmca nokasan sHaunMble pagnmuuus (p < 0,001), 3HaueHMst
MeJVaH coCTaBWwIn 2,565 mjid nepBoy Kareropuu, 2,178 pna sropoit u 2,068 misa Tperhb-
ei1. IlomapHble cpaBHeHN:dA, IpOBeleHHble Npu momomy Tecrta [JIBacca — Crmma -
Kpuunoy — ®nurHepa, mokasaayu 3Ha4MMble PasnnyuusA MeXIY TpeTbell U MepBoil KaTe-
ropueii (p = 0,002), a Taxoxe Me>XAy mepBoit u BTopoii (p = 0,001), 4To B COBOKYITHOCTU
CO CpaBHEHJEM 3HAa4eHNIT MeMiaH I0Ka3bIBaeT, YTO IVIOTHOCTD pacIlpefie/ieHns ocobeit
B JJAHHBIX CKOIUICHMAX YBEJIMYMBAETCA K IPyIIe 0Cco0ell, OTABIXAI0IMX B HECKOIbKUX
MeTpax OT BOJlO€eMa.

2) T'mcrorpamMmbl 4YacTOT O1M30CTell He IOKa3ajyM HECKONbKMX YeTKMUX IIMKOB,
U3 4ero CjefiyeT, YTO B IMMOJOOHBIX CKOIUIEHNAX Y BOJOeMa MHOTOYPOBHEBast CTPYKTypa
He IIpoC/IexXnBaeTcs. [ Kaxgoil KaTeropuy Hab/IIofancs TOIbKO OAVH UK B 00/1acTu
2,5 M 14 IepBOII KaTeropui, 2 M /IS BTOPOI U 2 M [y1A TpeTbelt (puc. 2).

3) CpepHue guctaHuuil 630cTy MeXAy ocobsamu (2,64 M, 2,61 M, 2,26 M cOOTBeT-
CTBEHHO /IS TIEPBOJL, BTOPOJ M TPeThbeil KaTeropuit) 0 CpaBHEHMIO C JaHHbIMM 1976
rojla yMEHbUIVINCD ¥ He JOCTUTAIOT X MUHUMA/IbHOTO CPEJHETO 3HAYEHM, YTO MOXKET
OBITD C/I€[ICTBMEM COKpALleHVs apeaia ¥ YMEeHbIIeHMs YMC/IEHHOCTI TPYIII BCTIEACTBIE
AHTPOIIOTEHHOTO BO3JeNCTBUA M penpopykTuBHoro kosutanca (Milner-Gulland et al,
2003).
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Puc. 2. TvcTorpaMMBl pacrpefeneHns 4acTOT 6IM30CTel B pasHbIX KaTETOPUSIX O6/IM30CTI OT BOZOEMA.
Kntouesvie cnosa: MHOTOYpOBHEBas CTPYKTYpa, caiirak, aspodoTocbeMka.
Paboma svinonnera npu noooeprcxe eparma PHD23-24-00049.
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SAxosnes A.10.', Tynun [I.B.!, Kpyrnnkosa A.A.!

POJIb TEMOLITOB B KOArYynaunm reMmosinMobl Y HACEKOMbIX

Koarymsnus (cBepTbiBaHMe) — Ba)KHasl 3allUTHAs peakuys, obecriednBaonias reMo-
cra3. OHa TpefCcTaBysieT OO0l CITOKHBIN OMOTOTMYECKNIT TPOLIECC, COTIPOBOXKIAEMBbII
HnojMepusanyeit 6eKa-KoaryJoreHa ¢ MepexofoM 3TOro Oelka B HEpacTBOPUMYIO
¢dbopMy, YTO NPUBOAUT K VISMEHEHMIO KOHCUCTEHLIMY IUIa3MBl OT JXUJKOJ K BSI3KOIL,
C IIOTepeil el TeKydecTy, 1 obpasoBanmio Tpomoéa [1, 2]. [Jo Havama peaxiyuy Koaryuo-
TeH HaXOAMUTCs B HEAaKTVBHON (opMe, a ero aKTUBaLMsA VHULVMPYETCS KackafoM dep-
MEHTAaTUBHBIX (akTOpoB. [10 TAKOMY HPUHINITY OPraHM30BaHbl BCe M3yUeHHbIE CUCTe-
MBI CBEPTBIBaHUS: MEYEXBOCTOB [3], pakoobpasHbix (4] u mo3BoHOUHBIX [5]. B Kaxmoii
U3 9TUX CUCTEMATUYECKUX TPYII Peakiysi KOATy/IALMy OXapaKTepy3oBaHa JOCTATOYHO
IIOJTHO: 3BECTEH ee MEeXaHU3M JIeVICTBYS U aKTVBHBII KOMIIOHEHT.

Ha stom ¢oHe ypoBeHDb TOHMMAHMS NIPOLIECCOB KOATY/ISIIMA B TAKOJI CHCTeMaTuye-
CKM Ba)XHOJ rpymre, kak HacekoMble, cocTaBisoleli OCHOBY TeéHOMHOTO/BU/JOBOTO
pasHOOOpasus >KMBOTHOTO MMUPA, PA3sUTEIBHO OTINYAETCS: YETKOTO MpeNCTaBIeHMS
0 MeXaHM3MaX JTOJ 3alINTHON PeaKIy y HaCeKOMBIX HeT, KOAry/oreH u GpakTopsl ak-
TUBAUMM He UAeHTUDUIMPOBAHBI, PO/b KIETOK B CBEPThIBAHNM reMonuMdsbl He ompe-
neneHa. IIpu aToM cam GakT HaIMYMS peaKLny KOATY/IALUY Y HACEKOMBIX He BbI3bIBAeT
comHenmit. OfHaKo, MO-BUAMMOMY, B IIpefieNiax Kiaacca Insecta sTa peakuus pacrpo-
CTpaHeHa MO3aM4HO ¥ IPUCYTCTBYET MNIIb B HEKOTOPBIX OTpsifax. B nureparype mme-
I0TCSI HEMHOTOYNMC/IEHHble CXOXKMe HaOMIofieHNs], Kacamoluyecss MpefcTaBUTeNeln
Blattodea [6], Phasmatodea [7] u Orthoptera [8]. ¥ TapakaHOB, B 4aCTHOCTH, OTIMICaHBI
0coObIe KJIETKM — KOAry/IOLUThI, y9aCTBYIOIMe B CBePThIBaHNUM TreMonuMosl [7, 9].

B kauectBe O00DBEKTOB WCCIAENOBaHMS Hamy ObUIM  BBIOpaHBI — TapakaH
Gromphadorhina portentosa (Blattodea: Blaberidae) m muumnka >xyka-6poH30BKM
Cetonia aurata (Coleoptera: Scarabaeidae). Kpurepuem Bbibopa 6bU10 M3MeHEHME TEKY-
yecTy (BA3KOCTYM) reMonuMBl in vitro. B kadecTBe Bua CpaBHEHMS VICIIO/Ib30BAIN JIU-
YHOK cuHell MsacHoit myxu Calliphora vicina (Diptera: Calliphoridae).

Pe3ynbTaThl MCC/IefOBaHNIT, TPOBEEHHBIX Ha TapaKaHaX, [I0Ka3a/Iy, YTO MEXaHU3MBI
peakIuy KOary/Islyy y HaCEeKOMBIX OT/IMYAIOTCS OT PeakIMil reMOoCTasa, OIMMCAHHBIX
B JINTepaType JIA JPYIMX >KMBOTHBIX. BO-IepBBIX, peakuus reMocTa3a y HaceKOMBIX
XapaKTepU3yeTCsl YpPe3BBIYANIHON PEAKTMBHOCTBIO, IIPV 3TOM Ha CKOPOCTb pPeaKInu
He BIVMSAIOT HM CHIVDKEHME TeMIIepaTypbl, HM KpaTHOe pasBefieHNe TIeMOIuMOBL.
Bo-BTOpBIX, MHAYKIMS peakiyy KOATyIsLMy y HaCEKOMBIX HOCUT aCeITUYeCKMil Xa-
paKTep — B 9TOM CMBICTIE PeaKIyus rele06pa3oBaHMsl y HACEKOMBIX SIBJISIETCS] MICTUHHOIA,
4eM CXO’Ka C peakijyieil CBepThIBaHMs Y IO3BOHOYHBIX )KMBOTHBIX.

! CankT-IleTepOyprckuit rocyaapCcTBeHHbI yHUBepcnTeT, Poccuiickasn ®enepanns, 199034, CaHKT-
ITerepbypr, YHuuBepcurerckas Hab., 7-9.
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Oxkaszanoch, 4YTO peaxiysa KOATy/IALUY Y HaCeKOMBIX ITOJTHOCTBIO Peann3yeTcs CIeru-
QIM3VMPOBAHHOI KJIETOYHOJI IMHMEN — KOAryJTOLUTaMy, B TO BpeMs KakK B I/Ta3Me TeMO-
nMGBl U3y4eHHBIX HaMU BYJJOB HACEKOMBIX PErylIATOpHBIE M 3¢ (eKTOpHbIe KOMIIO-
HEeHTBbl peakuyy CBEPThIBaHMSA OOHapy>KeHbl He ObUmM. KoarynonuTsl IpemcTaBiAoT
co00J1 KpyIHbIe KJIeTKM NPaBWIBHO AMCKOUIHOI (POPMBI, IIUTOIIa3Ma KOTOPBIX 3a-
IOTHEHA MI30MOPQHBIMI TpaHy/lIaMy, cofepxamymn 6enok. Tak, y TapakaHOB Koary-
JIOIMTBI ABJIAIOTCA JOMUHUPYIOLNMM TUIIOM KJIETOK B IupKyanym (6omee 40 % Bcex
remonuToB). HabmoneHns 3a nmoBeieHNeM KOAryJIOUMTOB i Vitro ¢ MCIONIb30BaHUEM
TEXHUKM LieiiTpadepHOll ChbEMKM ITOKa3aly, YTO KOAry/lIoUUThl TapakaHa G.portentosa
OBICTPO ¥ CUHXPOHHO AeTpaHynupytoT (puc. 1A), mocie gero ¢popma KJIeTOK MEHSETCS,
OHJ PACIUIACTBIBAIOTCA Ha CyOCTpaTe ¥ HAYMHAIOT aKTMBHBbIE aMeOOVIHbIE NBVDKEHUA.
CaM 110 cebe 3TOT (PaKT CTaT HeOXXMIAHHBIM, IIOCKO/IbKY paHee CYMTA/IOCh, YTO aKTVBa-
V151 KOAry/IOLMTOB COIIPOBOX/JAETCS MX paspyLIeHMeM — MIMEHHO TaK B 9KCIIepUMEHTaxX
Be/u ce0s1 KOaryJIoUMThl TMYMHKY >KyKa-OpOH30BKU. DNeKTpoPOpeTUIecKUil aHaIn3
COJIep>KVMIMOTO TpaHyJI Koarynountos G.portentosa IoKasan HaIM4IMe MaXOPHOTO Oerka
(xoarymoreHa) ¢ MoneKynspHoit Maccoit 90 k/la (puc. 1B), KoTophlil IOKa He MAEHTH-
¢buypoBaH.

Cuaaa macHasA myxa C. vicinag mpefcTaBIAIa 0coObIll MHTepeC Py U3yIeHUN MeXa-
HU3MOB peakLMM KOATy/IAIVM Y HAaCeKOMBIX BBUJY Hamu4ys B reMonumde JTNIMHKN
5TOTO BMZIA KJIETOYHOJ IVMHMM T. H. TpoMbonuTonaos. Hamu 6bUmn eTanbHO Mccieno-
BaHBI Mop¢osorns, nuddepeHINpPOBKa, TOBefeHNe U GYHKUINS ITUX KIeTOK B OHTOTe-
Hese. B pesynbraTe ObUIM IOTyYeHB! HECKO/IBKO MapafioKcaabHble JaHHbIe. [Juddepen-
LIVIPOBKOJ TPOMOOLIMTON/IBL JaXKe B ETA/IAX, HAIIOMMHAIOT MEraKapMOLMThl MIEKOIIN-
TaoIuX. B Xofe co3peBaHMA LMUTOIIa3Ma STUX KPYIIHBIX IOMUIUIOMAHBIX KIeTOK pac-
IagaeTcsi Ha MHOXECTBO (PparMeHTOB, BHeIIHe U (YHKIVIOHa/IbHO HallOMMHAIOIIVX
IVIACTVHKYM KPOBUM MJIeKommTarommx. B To >xe Bpems, remonumda mrannok C. vicina
He MEHAeT CBOel KOHCUCTEHIMM Ha IIPOTSHKEHUM HECKONbKUX CYTOK IIocie cbopa.
9To 03HayYaeT, YTO QYHKIMA TPOMOOUMTONAOB HUKAK He CBSI3aHA C KOATy/IALMel, U,
II0 TIpefiBapUTEe/IbHBIM JJAHHBIM, CBOUTCA K KOHTPOJIIO IIapasUTapHBIX IHBA3UIL.

A b

90 ka

Puc. 1. Jerpanynsaumus xoarynouutos Tapakana Gromphadorhina portentosa (A). SDS-amextpodopes
COJIep>KVMMOTO TPaHy/I KOary/lIoLMTa; IpeAIIoiaraeMblil KoaryJIoreH oTMedeH cTpenkoii (B).
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Kntouesvle c108a: KOAryIsLpysi, KOATy/I0TeH, T€MOLMTHI, HACEKOMBIE, 9BOJIIOLIVS.
Paboma svimontena npu noodepicke eparma PHD 23-24-00172.
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Anexceesa H.I.!, Tonknx A.A.', bapcyk I1.A.*

MHOIO®PAKTOPHAA CTATUCTUNYECKAA MOJE/Ib NOBTOPAEMbIX
HABTIOAEHUIA NMPU YCNTOBUW HEMOHBIX AAHHBIX

MHorogakTopHas cTaTuCTM4YecKas MOJelb IOBTOpseMbIx HaOmoomeHuin (ANOVA
Repeated Measures) mcronb3yercs Jyisi BbIAB/IEHNS 3HAYMMBIX (aKTOPOB, BIUSIOMINX
Ha IVHAMJKY M3MEHEeH)s HEKOTOPOTO MeTpUYecKoro rnokasatens. Ecim mpu mosTope-
HUM SKCIIepUMMEHTA VHAVBNIBI BHIOBIBAIOT, TO OOBIYHO OHM VIV VMCKIIOYAIOTCH, VU
IPUMEHSIOTCS PErPECCUOHHBIE METO/IbI 3alI0THEHMsI IPOITYIeHHbIX JaHHBIX, WIN IPO-
tarusaerca nocnendee sHadeHme (LOCF - Last observation carried forward). B kaue-
CTBe aJIbTePHATUBBI IIPEJIaraeTCsl HOBBIVI METOJ, OLIEHKV ITapaMeTpOB MOJE/NN, He Tpe-
Oyl MICKyCCTBEHHOTO (POPMMPOBAHMS IOTTHON MaTPUILIbI HAO/TIOfeHUIA.

Urak, myctb vi +. . .+vi=n,u B i-i rpynne,i=1, 2, ..., I umeerca vi uHIMBUIOB, KO-
TOpble HAOJIIOAI0TCA B MOMEHTHI BpeMeHn t = 1, 2, ..., T, a/IleMeHTbI BBIOOPKU Xij, T/ie
j=1,..., vi. OgHodakropHas mopenb ¢ fuddepeHmanbHbIMU 3PPeKTaMy UMeeT BUJ

Xije = 1+ o + €'+ P + Yiet €, TIe L — MapaMeTp CBUTA, i , P, Yii— 9P dexTnl dakro-
POB I'PYIIIIbI, BpEMEHU U B3aMMOJEVICTBYA, OMMOKN €5, U €j MIPEAIIOIaraloTcs He3aBu-
CYMBIMY, LIEHTPUPOBAaHHBIMY, HOPMA/TbHO Paclpele/leHHBIMU CO CTaH[JapTHBIMM OT-
KIOHEHNAMM 01 U 0 COOTBeTCTBeHHO. O003HaUMM Yepes Xi CpefjHee j-T0 MHAMBU/A U3 i-
i rpynnsl. Ilo NMOMHBIM JaHHBIM OLIEHKV ITapaMeTPOB IOIYYalOT, IPUMEHAS MeTOf,
HaVMEHbIINX KBaJPATOB K IBYM MOZEIAM: Xj+ = [L + i + €', Xije - Xijr = Be + Yiet €t

IIpy HeNONHBIX HAHHBIX, KOIJA Y KOKIOT0 MHAMBMAA MMeeTca ny <T HabmogeHu,
a B K&XIBIIl 13 MOMEHTOB BpeMeHU m; <n HaOMIOfleHNIl, MOJENM OKa3bIBAIOTCS CMe-
IIEHHBIMH, TO eCTh Exj = pu + o +Wy;, tme Wy 03HavaeT cmelenne j-ro MHAMBNU/A U3 i-11
TPYIIIBI, KOTOPOE 3aBUCUT OT TOTO, KaK/ie MOMEHTBI BPEMEHM Y 9TOTO MHAMBUJA HIPO-
nyuensl. Crioco6 Beruucnenns Wy nogpo6Ho omvcas B [1]. Eciu paccmarpuBath B Ka-
YeCTBe 3aBUCHMMBIX IIEPEMEHHBIX PA3HOCTH X - Wij U Xijt — Xi+ Wij, /11 KOTOPBIX JOCTH-
raetcsi HecMeleHHOCTD Buaia Ezi; = g + ai, E(Xy — Xi3) = B¢ + Vi , TO CIyyariHble KOMIIO-
HEHTHI B HOBBIX MOJIe/ISIX OKa3bIBAIOTCs KOoppemupoBaHHbIMU. HeobxopuMble st mpo-
BepKM 3HAYMMOCTI 3P (eKTOB Koppenauuu oumbok Opu1n moaydeHs! B [2]. Merop 65Ut
Ha3BaH SPTOAMYECKVM, IIOCKOJIbKY IpM BBIYMCIeHUA cMelleHNs Wj UCIIONIb3YIOTCA
IIPOM3BEleHN CTOXAaCTNYEeCKMX HOPMMPOBAHHBIX MAaTpUI] MHLUMAEHTHOCTM HaOIofe-
HUil (IpsIMOI ¥ TPAaHCIIOHMPOBAHHOJ), 2 KOHEYHOCTh CMEIleHNsI B KOHEYHOM MTOTe
00YyCIIOB/IEHAa 9PTOANYIECKOT TEOPEMOII /IsT CTOXACTUYECKIX MaTpuIL].

! Cankr-Ilerep6yprckuit rocygapCcTBeHHbI YHUBepCuTeT, Poccuiickas Oepeparust, 199034, CaHkT-
[Tetep6ypr, YHuBepcurerckas Hab., 7-9.
> BMA um. C.M.Kuposa, 194044, Caukr-Ilerep6ypr, ymuua Axagemuka Jlebenesa, som 37.
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B manHOII paboTe paccMaTpyBaeTcsi BO3MOXKHOCTb IIepeXofia OT OZHOQPAKTOPHOI
Mogpenmu K MHOroakTOpHOI. Vifiest 3aKI04aeTcsi B TOM, YTO /ISl BBIYMCIIEHUS CMellle-
HYSL M KOPPE/IALVMOHHON MaTpUIbl OLIMOOK HY>KHO HECKOJIbKO (PaKTOPOB Ipeobpaso-
BaTb B €IVMHBIl IPU3HAK C IpajjallyisiMi, O3HAYAIOIIVMMY pa3Hble coueTaHus (HakTopos,
a 3aTeM JIA IeHTPUPOBAaHHBIX JaHHBIX PYMEHNTb MHOTO(AKTOPHBIN aHAIN3 C KOppe-
nMpoBaHHbIMMU olmbkamu. ITpu oljeHKe MapaMeTpoB MOJe/M OblIa MCIIOIb30BaHA MaT-
pUIIa YACTMIHOTO TIaHA.

Ina wutiocTpanuy IpUMEHeHMsT MeTOJa PacCMaTPUBAIOTCS 9KCIIEPVMMeEHTaIbHbIe
JlaHHbIe 00 YMEHbIIEHNY IUIOLIAAM ITyOOKIX 05KOTOB B ITPOIecCe MX JIeYeHNA Pa3HBIMU
criocobamu. B skcnepuMenTe y4acTBoBam 37 caMLOB KpbIc mvHuM Wistar mpyuMepHO
OIVMHAKOBO TO Beca, KOTOPHIM I10J HApK030M [3] 6T HaHeCeH KOHTAKTHBII OXKOT I/I0-
mazbio okono 20 cm? [4]. Kaxyple 2-3 [Hs MPOBOAWINCH MEPEBS3KH C HOKYMEHTUPOBa-
HIIeM Beca KpbIC U IIomagy pas. Ilo crocoly sedeHus 6bIIO BbIeNIeHO ILSITh IPYIILL,
B KOTOPBIX IIPYMEHSINCh pa3Hble COYETaHVs IpOLefyp M IpenaparoB. B pesynbrare
OBbIIV BBbIZE/IEHBI C/lefyole GaKTopbl: HeKpaToMus(a), paHeBOe MMOKPBITHE U3 XUTO3a-
Ha (b) ¢ no6aBnenuem nmm pubpobdracros (c), wn TpaBorana (d), beraguH-6payHORNH
(e), neBomexonb (f). B KOHTPONIBHOI IpymIIe JeYeHye He IPOBOAMIOCEH. 3afaya COCTOs-
Ja B OIleHKe 3HAYMMOCTY KaX[I0TO OTAenbHOro ¢axropa. [Ipobrema cocrosna B TOM,
YTO IO PasHBIM NPUYMHAM (CEICHC, HApKO3, TPAaBMAaTMYECKMIl IOK M T. [I.) JO KOHILA
akcniepuMenTa goxumu 70 % >xmuBoTHbIX. IIpumenenme meroma LOCF He mpuseno
K aleKBaTHbIM pe3y/IbTaTaM, IIOCKOJIbKY (paKTOpBI BBIOBIBaHNUA, B OCHOBHOM, He ObUIN
CBSI3aHBI CO CIIOCOOOM JIEIEHVISI.

[Ipn paccMOTpeHMM CTaTUCTUYECKOIl MOfenu ¢ rmaBHbIMU 3ddekTamu: b, e, f 3Ha-
YYMBIM OKa3ajIcs TONbKO ¢akTop b, a B Mopenu ¢ rmaBHbIMK addexramu b, ¢, d - mo-
clefHue iBa. OTO CBUJIETENbCTBYET O TOM, YTO 3HAYMMBI 3 deKT XnuTo3aHa ¢ i10goM
00YC/IOBJIEH COYeTaHVeM JJOIIOTHUTEIbHBIX pakTopoB pubpobmacTsl 1 TpaBoTaH. AHa-
m3upys rpaduky 9pPekToB B3auMOeICTBISA, MOXKHO CKasaTb, 4TO 1) IPU UCIIOIb30-
BaHMJ) XMTO3aHA C JIOJJOM MMeeT MeCTO OoJee IIafikMil XapaKTep AMHAMMUKK C Oosee
BBIPaKeHHOJ1 3()(PeKTMBHOCTDIO B II€PNOJ, HACTYIAOLINIL ITOC/Te CTafV BOCIIA/ICHVIA
(puc. 1a); 2) camas ymydias gVHaAMMKa Habrofaercs mpy codetannu GpuobpobmacToB u
TpaBoTaHa (puc. 16); 3) ¢ubpobacTs! 6e3 TpaBoTaHa MeHee 3 (PEKTUBHBI B Iepuoje
nposdepanuy Wiy aKTMBHOTO Jie/IeHUA KIEeTOK, KOT/ia pojIb 3TOTO IIperapara 0cobeH-
HO aKTyaJIbHa.



MATEMATUKA, MEXAHUKA, UHOPOPMATUKA

Puc.1. [JuHaMMKa COKpalleHnA IIOWAAY PaHbl B 3aBUCUMOCTH OT aKTOPOB
a) XMTO3aH ¢ J1ofioM, 6) Gubpo6IaCcThI U TPABOTAH.

Kntouesvie cnosa: MHOTOAKTOpHAsA CTATUCTUYECKAsd MOJe/Ib, JVICHEPCUOHHBI aHa-
I3 /IS IOBTOPSIeMbIX HAOTIOeHNII, HEIIO/IHbIE IaHHBIE.
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Ammmiosa H.B.!, Kagomckmit A A}

METO/bl HENMMHEAHON ANHAMUWKWN B AHAJTU3E CUTHAJIOB

[ToHsATME BPEMEHHOTO psifia €CTeCTBEHHBIM 00pasoM BO3HMKAeT B IpaKTHKe obpa-
OOTKM JaHHBIX M CTAaTUCTMYECKOM aHanmu3e. [IogoOHbIe CTPYKTYpBI SIB/ISIOTCS OCHOB-
HBIM pe3y/IbTaTOM OKCIIEPMMEHTOB, KaK pealbHBIX, TaK ¥ BbIYMCINTEIbHBIX.
C aHa/MM30M BpeMEHHBIX PSIOB CBSA3aHBI 3afjada ueHTnuKanym (1o JaHHBIM HaOTIo-
IEeHMIT HaWTU IapaMeTphbl CUCTEMBI, CTeHEePVPOBABIIE 3TOT PsAM) U 3ajadya IIPOTHO3A
(To maHHBIM HaOMIOfleHNIT TpeficKasaTh OyAyliye 3HA4eHNUA M3MepseMbIX XapaKTepu-
CTHK)

CoenyHeHVe TPAAUIVIOHHBIX METOJIOB MICC/IEJOBAHMSI BPEMEHHBIX PSJIOB C TeOpuen
AVHAMUYECKMX CUCTeM HPMBENIO K IIOSBICHNMIO HOBOTO HAIlpaB/IeHNs — IPVUMEHEHUIO
METO/IOB He/IMHEIHON JUHAMMKIY K VICC/IEJOBAHNIO BPEMEHHBIX PANOB Pa3INdHON IIpuU-
POZbI, @ MMEHHO BOCCTAHOBJIEHUIO aTTPAKTOPA CUCTEMBI, TeHepUPYIOLIeil JaHHBI P
[1].

TeopeTrnueckoe 060CHOBaHME UieV PEKOHCTPYKIVN C ITOMOIIBIO METOIOB He/lMHe-
HOJ AMHaMuKM 6bUT0 laHo B paborax ®. TakeHca [2]. OHO OCHOBaHO Ha Uzee BOCCTa-
HOBJIEH)SI aTTPAKTOPA MICXOJHOI CHCTEMBI B IPOCTPAHCTBE MOAXOAAIIEN Pa3MepPHOCTH,
B KOTOPOM aTTPAKTOp pacrosaraercs 6e3 camonepecedeHnit (BmoxeH). CormacHo Teo-
peMe YWUTHM, eC/iu aTTPAKTOP VICXO[HOJ CUCTeMBI JISKUT B IMPOCTPAHCTBE Pa3MepHO-
CTU N, TO OH MOXXET OBITH BJIOXKEH B IIPOCTPAHCTBO pasMepHOCTH 2n + 1. VIMeHHO 3Ta
pPasMEepHOCTb M OIpefie/iAeTcd C IIOMOLIbI0 WM3BECTHOTO anropurMa ['paccbepra-
[Tpoxauuma [3], OCHOBaHHOTO Ha BBIYNCIEHUN KOPPEIALMOHON pPa3MEPHOCTH.
[Tpy 3TOM KOppenALNOHHAA Pa3MePHOCTD SAB/IAETCS MHBAPMAHTHON XapaKTepUCTHKOIL,
OHa OJIMHAKOBA JJISl aTTPAKTOPOB B MICXOJHOM IIPOCTPAHCTBE ¥ IIPOCTPAHCTBE BIIOXKe-
HIISL.

[To-BuAMMOMY, IPaKTUYECKOE TPUIOXKEH)E METO/IOB He/IHEHON JUHAMUKY BIIEp-
Bble OBUIO MICIIOB30BAHO B MequIMHe i aHanmusa sammuceit D3I [4, 5]. B ganbpHelem
3TU METOHBI CTa/IM UCIONIb30BaThCs B Treodusmke u actpodusuke [6], pusuke, skoHo-
MUKe IIPY aHa/IM3e COCTOSIHUS (PUHAHCOBBIX PBIHKOB [7].

[IprMeHeHMe anTOPUTMOB PEKOHCTPYKLMM IIPY aHaIM3e CUTHAIOB (B YaCTHOCTH,
93I') crankmBaeTcsi CO MHOTMMM IIpo0ieMaMi, Cpefyi KOTOPBIX HeCTalMIOHAPHOCTb
CUTHA/Ia, HEJOCTATOYHAs INPOJO/DKUTEIbHOCTD 3alUCK M HAIM4YME CTOXAaCTUYECKOTO
mwyma. BapuanTsl ontummsanyy M MoauduKanyy 6a30BOro aaropuTMa Ipy aHaIn3e
93T 6N paccMOTpeHbI, Hanpumep B (8, 9].

[Tpn pabore ¢ III' OLeHKU KOPPEALMOHHON Pa3MEPHOCTY HO3BOJIAIOT OT/IMYUTD
3aIMCcy B3POC/IBIX U fieTelt [9], a Takxke auddepeHIMpoBaTh pa3InyHble TUIIBI 3a0607Te-
Bauuit [10]. [Ipu BerdmcieHnn KOPPeNsALMOHHOTO MHTErPaa MOXKHO ITOTYIUTb HOPMM-

! Canxkr-Iletep6yprckuit rocyaapcrBeHHbIn yHuBepcutet, Poccuiickas egepanyst, 199034, CaHkT-
I[Terepbypr, YHuBepcurerckas Hab., 7-9.
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POBaHHOe pacIipefie/ieHVe 3HaYeHMII BPEMEHHOTO psfia 1o (a3soBOMY IPOCTPAHCTBY,
T. €. HEKOTOPYI0 BEPOSATHOCTHYI0 Mepy. I103TOMy ecTecTBEHHOJ XapaKTepUCTUKON
IIpY aHa/IM3e BPEMEHHBIX PSIOB Pa3/IMYHON MPUPOJBI ABIAITCA SHTponuu Penby, u,
B YaCTHOCTY, 9HTponus llleHHOHa.

HenuHeliHaa nMHaMuKa okasajach BeCbMa IIOT€3HBIM MHCTPYMEHTOM IIPU KITacCh-
¢duKanyy 3ByKOBBIX CUT'HA/IOB KBafipokonrepos. [Ipy pabore ¢ Takumm ycTporicTBamMu
Jalile BCero VCIONb3YeTCsl TEXHUKA 0OHAPY)KeHVs 110 BUE03auch. DTOT METOJ, TpeOy-
eT XOpOlIllell TeXHNYECKOI OCHAIIeHHOCT! 1 He BIIONHe 9((eKTUBEH B IUIOXUX MOTOJ-
HBIX ycnoBusAX. [Ipy oOHapy)XeHUM KBafpOKOITEPOB IO 3BYKOBBIM CUTHA/IAM MCIIOb-
3yIOT CIIEKTPOTPaMMBbI ¥ TeXHUKY paboThl ¢ HeilpoHHbIMMU ceTsiMu [11]. OcHOBHOII He-
JIOCTaTOK TaKOTO MOJXOMla COCTOUT B HEOOXOAMMOCT XpaHEeHMs OOJIBIIOTO KOMMYIeCTBa
JIQaHHBIX /11 00yYeHM s HeVIPOHHOI CeTH.

Mbl mcnonb3oBamm MeTop, TakeHca [y aHamusa 3BYKOBBIX CUTHAJIOB 4 TUIIOB
KBaJpokonTepoB.  [laHHble  ObUIM  B3ATBI  C  OOLIEJOCTYIIHOTO  CaiiTa
https://hissandaroar.com/v3/soundlibrary/sd024-quadcopter-uav-drone/, sammcu BbI-
MIOTHEHBI C ITOMOIIBIO MPOQeCCHOHATPHOTO 000pyRoBaHMA. [I/I KaXKIOTO YCTpPOIICTBa
6bU1a BeIOpaHa 3anmuch AuHo 1 cek u yacroroit 192000 I'u. Kaxkmas sammce Opita pas-
nermena Ha 100 cerMeHTOB, TaKMM 00pa3oM, J/Is K&KIOTO YCTPOVICTBA aHA/IM3MPOBATIOCH
100 3ammcert. VIcmonb30Banuch CIeAyIoIye TUIIbL YCTPOIICTB:

1. CX10: HusKasg MOIIHOCTb, MaJIEHbKUI pasMep, OrpaHNY€HHbIE MAaHEBPEHHOCTD
U CKOPOCTb. MOXXeT MCIOTb30BAThCS TOIBKO BHYTPY IIOMeEI[eHMS.

2. DJI Phantom 3 (P3): uMeeT ZOCTaTOYHO MOIIHBIA MOTOP, MOXXET VIMETb KaMepy.
O6naaer xopoleil yCTONYMBOCTBIO, obecrednBaeT MpoQeccroHaIbHYI0 Buieo u ¢do-
TOCHEMKY.

3. FPV 250: o6majjaeT MOIHBIM MOTOPOM, XOPOILIell MaHEBPEHHOCTDIO, Pa3BMBaeT
BBICOKYIO CKOPOCTb.

4. DJI Mavic Pro: o6nagaer csoiicrsamus DJI Phantom 3, 60ee KOMIIaKTHBIIA.

Il Ka>KHoTo THUIIA YCTPOIICTB OBUIM MOTyYeHbI HECKO/IBKO MHTEPBA/IOB, B KOTOPBIE
HOTIA/Ia/IN KOPPeIALMOHHbIE Pa3MePHOCTY aTTPAKTOPOB. TakuM 06pa3oM, CUTHAN IJIN-
TETIBHOCTBIO 1 CeK MOJe/IMPOBA/ICS HECKONBbKVMM AVHAMUYECKUMY CUCTeMaMM, KOTO-
pble IOPOXKIAIN aTTPAKTOPBI C PA3IMYHBIMM KOPPEIALMOHHBIMYU Pa3MePHOCTIMII.

PesynbraThl pacnipeneneHus mokasaHbsl B Tabmuie 1. YkasaH uHTepBan(bl), B KOTO-
PBII IOIAIAI0T BCe Pa3MEPHOCTH, a Tak>Ke MHTepBasI(bl) , B KOTOPOM JIeXKaT pa3MepHO-
¢ty Hambosblero yycna 3anuceit. B rpade “ocHoBHOI MHTEpBan” B cKoOKax ITOC/Ie Be-
JIMYVHBI MHTEPBa/Ia YKa3aHO YMCIIO 3aINCeil, I/ KOTOPBIX KOPpe/ALIOHHAs pa3Mep-
HOCTb ITIOCTPOEHHOTO aTTPAKTOPA JIEKUT B 9TOM UHTEPBAJIE.
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Tab6n. 1. Pacupenenenye KOppelTALMOHHBIX Pa3MepHOCTeIL.

Tun ycrpoitctBa | O6muit nHTEpBaN OcHOBHOII MHTEpBAl
CX10 (0.1, 0.6] [0.2,0.4] (78)

DJI P3 (0.4, 2.6] [2.1,2.3] (68)

FPV 250 (0.1, 1]U[2.1,2.2] | [0.1,1] (63)

DJI Mavic Pro [0.1,2.1] [0.1, 1] (449) U[2, 2.1] (54)

PesynbraThl 5KCIIEPMMEHTOB II0OKa3a/M, YTO B C/Ty4ae aHaaM3a CUTHAIOB C BBICOKOM
JacTOTOJ MHTEpPBa/l CTAIlIOHAPHOCTM MOXKeT MEHATbCA, U CUTHAJl MOJeNMpyeTcs He-
CKOJIDKMMM Pa3INYHbIMU OVHAMMYECKUMU CUCTeMaMM. B KadecTBe [JOCTaTOYHO MH-
¢$bopMaTHBHON XapaKTePUCTHKM CUTHATA MOXKHO JICIIONb30BaTh pacIpefeieHye Koppe-
JIAAMOHHBIX Pa3MePHOCTell peKOHCTPYMPOBAHHBIX ATTPAKTOPOB.

Kntouesvie cnosa: BpeMeHHOI psfl, He/IMHeHaA [UHAMMKa, 3BYKOBble CUTHAJIbI, KOP-

PeALMOHHASA Pa3MEPHOCTD.
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Amnanpesckuit C.M.!, Yen A.I1.2

HEMPEPBbIBHbIV BAPUAHT 3AJA4YM OB 3rONCTUYHOW NAPKOBKE

3ajjaya CTy4aifHOTO 3aIlO/THEHNUsI OTPe3Ka MHTEePBalaMy, Tak>Ke M3BECTHAs Kak 3ajia-
4ya 0 “IIapKOBKe”, MMeeT INAaBHIOI JVICTOPUIO, KOTOpasA OepeT cBoe Havano B 1958 roxmy
¢ paborsl Penbu [1], B KoTopoit ObITa MCCIeOBaHA ACMMITOTKA CPEHETO YMC/IA CITy-
YajfHO pa3MelljeHHbIX VHTEPBAJIOB €UHUYHON [UIMHBI Ha OTpe3Ke, JUIMHAa KOTOPOTO
0eCKOHEYHO YBeIMYBAETCA.

B pabore Penbu nmocranoBka 3agaun 6bita cnegytonieir. Ha orpeske [0, x] st Heko-
TOporo (pMKCUMpPOBaHHOIO X > 1 CIy4ailHBIM 00pa3oM pasMmenraercst MHTepBan (t, t+1),
KOTOPBIN pa3byuBaeT epBOHAYa/IbHBIN OTPe30K Ha ABa oTpeska [0, t] u [t + 1, x], KoTo-
pble B JaJIbHEIIeM IIPOJIOJ/DKAIOT 3aII0/IHATHCA 110 TOMY JKe IIpaBwiy. Pasmelenne nH-
TepBana (t, t+ 1) ciy4yaiiHBIM 00pa3soM O3HA4aeT, YTO t ABJAETCA CIy4ailHOW BeIN4u-
HOJI ¢ paBHOMEpPHBIM 3aKOHOM pacrpefenennsa Ha orpeske [0,x -1]. Ecimum kakoii-To
u3 orpeskos [0, t] wmm [t + 1, x] 6ygeT uMeTh AIMHY MeHbIle 1, TO OH B Ha/lbHeNIIEM
He 3aIOJTHSeTCS. YKasaHHBIN CIOCOO 3aIONHEHMs IMPOJO/DKAETCsT [0 TeX IOp, MoKa
JUTMHA Ka)XX[JOTO 113 BCEX He3aIlOTHEHHBIX OTPe3KOB cTaHeT MeHblite 1. [Toce aToro moj-
CUMTBIBAETCSI KOMMYECTBO pa3MeleHHBIX MHTepBanoB. Ero Mbl 6ymeM o603HayaTh
3a N,.. Ecnu B Hauase mpotiecca 3amonHeHns otpe3ka x < 1, To N_x = 0.

PeHby IIpemIoXuI /IS 9TOV 3aa4y C/IefyIouyio nHTepuperannio. Ha ymune mimHb
X CIIy4alfHbIM 00pa3soM MapKyITCs aBTOMOOWIN eayHMYHOM aauHbL Torpa N, osHava-
eT YMCII0 3alapKOBAaHHBIX Ha 3TOI y/Mile aBTOMOOWMIe. DTa MHTepIIpeTalus U fana
Ha3BaHUe 3a/jaue KaK 3ajiaya 0 “TIapKOBKe .

B pa6ore Penbu [1] 6bU10 MOKa3aHo, 4TO IpM M06OM N > 1

EN, =Ax+A—-14+0(x™) (x > )

JIJ1s1 KOHCTAHTBI A TaxoKe OBIO ITOJTy4eHO CIIefylolee BhIpaskeHye

oo ti—e ¥
A= ], exp (—Zfo - du) dt.
B mocemHme rofbl mOsSBUICS s paboT 1Mo TeMe 3agadu o “apkoBke” (cM. [2 - 5]),
B KOTOPBIX PacCMaTpUBAIOTCS Pas3/MYHbIe MOJEIN ITON 3a/jadl, OT/IMYHbIE OT KJIACCHU-
4eCKOJl IIOCTAaHOBKM. B HeCKONbKMX paboTax M3y4aloTCs JUCKPETHbIE aHAJIOTH 3TOM 3a-
nauy (cM., Harpumep, pabotsl [2, 3, 5]). B pabore [5] msy4yaercs myuckpeTHas MOJENb.

! Cankr-Ilerepbyprckuit rocygapcTBeHHBINN YHUBepCuTeT, Poccuiickas ®epgeparust, 199034, CaHkT-
I[Terep6ypr, YHUBepcuTeTcKas Hab., 7-9.
2 Western University, Canada.
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Taxk >xe, kak ¥ B K1accu4eckoi 3afjaue N, O3Ha4aeT 4NC/IO Pa3MeleHHBIX UHTEPBATIOB
Ha OTpe3Ke J/IMHBI X. B 3T01 MOfie/u BBIOTHSIOTCS PaBeHCTBA

EN, = ?npmx >2uN, =0npux<2.

37ech MBI paccMaTpyBaeM HOBYIO MOJIe/b 3aJa4yyl O ‘MapKOBKe , KOTOPYI0 MO>KHO
CUYNMTATh AHAJIOTOM 33a/lauyl 00 STOVUCTUYHOI IAPKOBKE B HEIIPEPBIBHOM CITydae.

Ha orpeske [0, x] i1 HekoTOpOro ¢MKCMpOBAHHOIO X > 1 Cay4YaiHBIM 0Opasom
pasmemaercss uHTepBan (t,t+ 1), KOTOpBII pa3duBaeT IepBOHAYAIBHBIN OTPE3OK
Ha 1Ba orpeska [0, t] u [t+ 1, X], KOTOpble B [ja/libHEIIIEM MPOLO/DKAIT 3aMOTHATHCS
II0 TOMY >Ke TIpaBwIy. Pasmeenne nuTepsana (t, t + 1) ciaydaitHpIM 06pa3oM O3Havaer,
4TO t SB/IAETCA CAYYallHOM BE/IMYMHON C PaBHOMEPHBIM 3aKOHOM pacIpefie/ieHus
Ha otpeske [0, x -1]. Eciu kakoii-To 13 orpeskos [0, t] wiu [t + 1, X] OyzeT uMeTh AuHY
MeHbIlle 2, TO OH B Ja/IbHeilllIeM He 3allOJHAETCs. YKasaHHBI CIIOCOO 3aIllOTHEHNs
IPOJO/DKAETCA IO TeX IOp, MOKa JyIMHA BCeX HE3allOTHEHHBIX OTPE3KOB OKaXKeTCs
Menblte 2. [Tocse 9TOro MOfCYNTHIBAETCS KOMMYECTBO Pa3MellieHHBbIX MHTepBanoB. Ero
MBI OyneM o603HauaTh 3a M. Ecny B Hauasie mpollecca 3amosiHEHNs JIMHA IepBOHa-
YaJIbHOTO OTpe3Ka X < 2, To M, = 0.

Teopema
J1s1 onpeieNieHHOI BbILe CTy4aifHON BeIM4YMHbI M, ClipaBefi/IMBO COOTHOLIEHME:

3
i
EMXZKx+K—1+0<(2;e) 2),
rae
k= J(t+ Dexp(—t— Zf(,“'e"uﬂdu) dt ~ 0.531417 .
[TockonbKy K < é’ TO MBI MOYKEM CI€/IATh BBIBOJI, YTO B HENPEPHIBHOM CIIydae CIy-

JajfHOe pasMellleHle eMHIYHBIX MHTepBa/IoB OyleT MeHee IVIOTHBIM MM, YTO TO JKe
camoe, 6oiee pa3peXXeHHBIM.
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Anppeesa T.A.', begpuua M.E.}, Kypanos [I.10.!

KOMNbKOTEPHOE MOAENTNPOBAHUE MATEPUAIOB
N NX SNEKTPOHHbIX CMEKTPOB

VHTepec K MCCIeNOBAaHNIO XXUKUX KPUCTA/UIOB, B TOM YNC/Ie MX PAaCTBOPOB C NPU-
MeCsIMU KpacuTeiet, CBA3aH C TeM, YTO MOJAO0OHbIe COeIHEHNsI B HACTOsIIee BpeMs SIB-
JNIAIOTCA OJHVMM U3 OCHOBHBIX KOMIIOHEHTOB IIPOMBIIIICHHBIX >KUAKOKPUCTAINYe-
CKMX 9/IEKTPOONTUYECKMX JIVICIUIEEB, a TAK)Xe MMEIT MHOXECTBO [IPYTUX MHTEPeCHBIX
npuMeHeHmit. IIpy 3TOM HeKOTOpbIe KpacCUTeMN MOTYT OBITh MCIIOIb30BAHBI B JKMIKO-
KPUCTA/UINYECKUX JVUCIVIEAX IO TUILY «TOCTb-XO3AMH», HAXOMAs IPYIMEHEH)e B OITHNYe-
CKMX 3aITOMUHAIOIINX YCTPOJCTBAX, MHOTOLIBETHBIX AVCIUIESX U 97ieKTpodoTorpadde-
CKUX IIPUHTEpax.

B sxnpkoxpucrammdecknx (JKK) aucnesx HebonmbIoe KOMMIeCTBO KPacuTeIsi pac-
tBopsitoT B JKK HOcuTeste, KOTOPHI [IeiICTBYeT KaK aHM30TpOIHas MaTpuiia. IIpumeHe-
HII€ 9JIEKTPUIECKOTO MOJIsI BBI3bIBAET NTePEOPUEHTALVIO KIJKOTO KPUCTA/IIA Y MOJIEKY/I
KpacuTess, BbI3bIBas M3MEHEHME IIBeTa )i MHTEHCUBHOCTM B 3JIEKTPOHHOM CIIEKTpe.
CBoiicTBa TaKMX KOMIIO3MINIL OIIPE/ie/IAI0TCS Ha MOJIEKY/LIPHOM YPOBHE MeXaHU3MaMMu
OpTraHM3aLUy A/IbHETO OPUEHTALIOHHOTO MOPs/IKa B CHCTeMe Me3oreHa. Eciu Me3oren
o6pasyeT MeXMOJIEKY/IIpHble KOMIUIEKChI HECKONBKUX CTPYKTYPHBIX TUIIOB, UX CBOJI-
CTBA U CTATUCTUYECKNUIT HAOOP IpY 3aJaHHOI TeMIIepaType MOXKeT OKa3aTh CYIeCTBEH-
HOe B/IMsIHME KaK Ha CHEKTPOCKOIIMYECK)e CBOJICTBA KPAacUTe/Is, TaK U Ha TEPMOJHA-
MIYeCKIie XapaKTepUCTUKI PAaCTBOPA B L{EJIOM.

C moMoII[bI0 KOMITBIOTEPHOTO MOJIe/IMPOBAHVsI HEOOXOMMO OBIIO OIpefeNInTh Ka-
KM 00pasoM MOJIEKY/IBI KpacuTels BAMSIOT Ha CTPYKTYpy MesoreHa. UyBCTBUTENb-
HOCTb 3JIEKTPOHHBIX CIIEKTPOB HOITIOL[EHNs ITUX MOIEKYI K OKPY)XEHVIO, COCTOSIIEMY
U3 MOJIEKYI XXUJKOTO KPUCTAJIIa, TO3BOUT (PUKCUPOBATh He3HAYNTEIbHbIE I3MEHEHMs
B CTPYKTYpe OKPY)XeHUS.

B kavecTBe KpacuTeneil BBIOpaHbl HeOO/MbIINE apOMaTYeCKyie MOJIEKY/IbI (ITom3a-
MellleHHble OeH30/1a) C XapaKTepPHbIMU XPOMOGOPHBIMY I'PYIIIIaMy, KOTOpPbIe He IMEIOT
BBICOKOTIO/ISIPM30BAHHON IIPOTSDKEHHO CTPYKTYPBI, HOTOOHOI CTPYKTYpe MOJEKY/
KUAKUX KPUCTAIOB. AHanN3 006pas3yoLMXCcsi MeKMOTEKY/SIPHBIX KOMITTIEKCOB SIBJLS-
eTCs1 BOKHBIM (DAaKTOPOM B ITPOTHO3MPOBAHUY OPMEHTALMN Ma/blX KOTNYECTB PacTBO-
PEHHOTO BellleCTBa B XUAKOKPYUCTA/UINYECKIX SKULKOCTSIX.

BBII0 paccMOTpeHO B3aMMOJENICTBIE IIpVMeceii MOIEKY/T PAa3/IMIHbIX KpacuTesneil 1
CTPYKTYPMPOBaHHBIX pparMeHTOB Xujkoro kpucramwia CB5 (puc. 1). Bsaumoperictsue
HOCUT CJIOKHBIII OPVEHTAIMOHHBI XapaKTep, KOTOPbII OTpa)kaeTcsi B 3JIEKTPOHHBIX
CIIeKTpax IOITIONIeH s, U3MeHss 1IBET KpacuTeseit. PaccMoTpeHo Tpu Hambosee sHep-

! Cankr-Ilerep6yprckuit rocysapcTBeHHBIN YHUBepCUTeT, Poccuiickas Oepeparust, 199034, CaHkT-

ITerep6ypr, YHUBepcuTeTCKas Hab., 7-9.
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TeTHYEeCKY BBITOIHBIX CTPYKTYPHI AUMepoB 4-cyano-4'-n-pentylbiphenyl CB5 u nx B3a-
UMOJIe/ICTBMEe C KpacuTe/asiMu. IIpum 9TOM pacTBOpPBHI M3MEHSIOT I[BET, HAIpuMep,
13 6eCIBETHBIX CTAaHOBATCS >KenTbiMu. [Ipy B3aumopeiicTByn ¢ accoumatamu B JKK da-
3€ II0JIOCHI JVIMHHOBO/IHOBBIX IT€PEXOJi0B B PasHOIl CTENEHV XapaKTepU3yITCs CHABUTA-
mu Ha 40-100 M. Habmozas 3a M3sMeHeHeM IjBeTa pacTBOPa, MOXKHO C Y4€TOM IIpuBe-
JIeHHOTO MCCIeIOBAHM OLIEHUTD CTPYKTYPY Me30(da3bl B KOHKPETHOI TOUKe.

PacyeTbl paBHOBECHBIX CTPYKTYPHBIX ITapaMeTpPOB ¥ 3JI€KTPOHHBIX XapaKTEePUCTHK
MOJIeKy/ BbinonHeHbl MetogoM DFT/6-311+G(d), 6-311(d, p) ¢ rubpupgubiMy GpyHKLM-
onanamu B3LYP u MOG6 [1]. Metox B3LYP B coueTanmuu c BbllleyKasaHHBIMY 6a3ycamMu
He TOJIbKO XOPOIIO yYMTBIBAeT c/1abble AVICIIEPCHOHHbIE B3aMOMEIICTBYSA, HO Y JTy4llle
APYTUX MOAXOAUT JUIsl pacdyeTa 3/IeKTPOHHBIX CIEKTPOB. B pesynbraTe pacyeToB ompe-
Jle/IeHbl CTPYKTYpHBIE ITapaMeTphl, SHEPIMUYU U JUIIOIbHbIe MOMEHTBI MOJIEKY/I KpacuTe-
e, LMaHoOMpEeHNTa M aCCOIIAaTOB, MEeXKMOJIEKY/ISIPHbIe PACCTOSHUA VM 9HEPTUM MeX-
MOJIEKY/IAPHBIX B3aVIMOJeVICTBIIL. [Ipy BBIYMC/IEHNN 97IEKTPOHHBIX CIIEKTPOB CTPYKTYP
npumensics Meroy, TD-DFT B coueranuu ¢ B3LYP/6-31G(d,p), koTopblil Xoporio 3a-
pekoMeHpoBan cebs panee [2]. [Ipu BBIIOTHEHNMN KBaHTOBO-XMMIYECKNX PacyeTOB JC-
Nob30BaHa KoMmbioTepHasd nporpamma GAUSSIAN-09 [3]. [InnHHOBO/MHOBASA MOIOCA
B CIIEKTpe Kpacurend paBHa 390 HM, OHa CMeIJaeTCA IIPU €ro B3aMMOJENCTBUN C MOJIe-
Ky/IaMI KUAKOTo Kpucraia 5CB u cranoBuTcsa paBHoii 460 HM.
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Puc. 1. PaccunTaHHbIE CTPYKTYPBI ¥ MX 3/IEKTPOHHBIE CIIEKTPbI
a) kpacurens 1,2-Diamino-4-nitrobenzene 6) guMepa XuaKoro Kpucrama 4-n-pentyl-4 - cyanobiphenyl
(5CB) c kpacutenem 1,2-Diamino-4-nitrobenzene.
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Kntouesvle cnosa: XuUpKue KpUCTaJUIbL, 3/IEKTPOHHBIN criekTp, Meto DFT.

Hccnedosanue svinontero 3a cuem epanma Poccutickoeo HayuHozo gpornoa Ne 23-29-
00937.
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3. M. Frisch, G. Trucks, H. Schlegel et. al. GAUSSIAN-09. Rev. C.01. Wallingford CT: Gaussian Inc.,
2010.
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Anronos A.10.!, Bapatons M.J1.}, Eropos H.B.!

MOZENNPOBAHUE CNEKTPOB 3/IEKTPOHOB NOJIEBO SMUNCCUN

SIBnenue nonesoit anekTponHoI amuccun (I193) yxe [OCTaTOYHO XOPOILIO U3YIEHO,
YTOOBI /IeYb B OCHOBY METO[VK HePaspyLIAIOIero KOHTPOJIS IMOBEPXHOCTYU TBEPHOTO
tena [1]. [Ipuuém 06BEKTOM MCCIENOBAHUSA MOXET OBITh KaK Katof (II0/IeBOil MUKPO-
CKOII), TaK U aHOJ (CKaHMPYOIIMII TYHHETbHBINI MUKPOCKOII). VIMelomiecs: TeopeTnde-
CKYe MOJIe/M AT B OOJIbIIIENl CTelIeHN KaueCTBEHHOe, HeXKeM KOMMYeCTBEHHOe OI-
caHue ABneHns. He B mocefHIO0 o4epenb 9TO CBSA3aHO C TEHAEHIVIEN MUHUATIOpPY3a-
IV YCTPOVICTB, pabOTAIOMIMX C MOJIEBBIMU VICTOYHMKAMY, U VICIOTb30BaHMEM HOBBIX
MaTepuanoB, IPU3BAHHBIX CITIAINTD C/1a0ble CTOPOHBI TI0/IEBBIX ICTOYHMKOB. [leiicTBI-
TeNbHO, opurnHanbHas Teopus Paynepa-Hopareitma mocrpoeHa Jyisi crydasi HylIeBoO
a0bCoMIOTHO TeMIepaTypbl T 97IEKTPOHHOTO rasa MeTala ¢ IVIOCKON IIOBEPXHOCTBIO,
XapaKTepusyeMoii 3HadeHneM pabotsl Bbixoa @. J1o, TeM He MeHee, He TTIOMEIIANIO VC-
nonb3oBaTh 1199 kak ofiMH M3 HafE&XHBIX METOJOB 3KCIIEPMMEHTA/IbHOTO OIIpeferie-
uusa O [2].

[Ipu nsydyenvn sBneryss [193 MOXXHO BBIIEIUTD TPY TUIA AHAIU3UPYEMOTO CUTHA-
J1a: MHTeTpaJbHasl BO/MbTaMIlepHas xapakrepuctuka (BAX), smuccronHoe msobpaxke-
HUe B I10/IeBOM MMKPOCKOIIE U 9HEPreTUYeCKIii CIeKTp YacTull. BmMecTo 3aBucuMoCTI
cwbl ToKa | oT HanpsbkeHus V MoxxeT mccnenoBatbes guddepennyanbaas BAX - 3sa-
BUCUMOCTD IUVIOTHOCTY TOKA j OT HAIPSDKEHHOCTY BHEIIHETO 3JIeKTPUYeCKOro Hons E
[3]. OMuccronHOe M300paXkeHMe IpeAcTaBsaeT cob60il (paKkTUIeCKy paclpefeneHne j
IO TIOBEPXHOCTY KaTOJa, CIPOELMPOBAHHOE Ha 9KpaH. Takxke B 00IeM cydae II0 I10-
BEPXHOCTH KaTofia pactnpepeneHsl xapakrepuctuku O n E [4]. Hakonen, sneprerude-
CKOe pacIpefie/ieHNe MpecTaBisieT co60i MaKCYMaNIbHO IOAPOOHYIO XapaKTEPUCTHUKY,
KOTOPYIO MIM€eT CMBIC/I 00CY>X/JaTh KaK B KOHTEKCTe TEOPUN, TaK U SKCIIEPVMEHTA.

IIpu BRIBOAE TeopeTndecKoii 3aBucumoctu j ot E ®@aynep u Hoppareiim paccmaTpu-
Ba/IU pacrpefie/ieHe 3apsoB Mo sHeprusiM W, CBsI3aHHBIM C HOPMa/IbHOJ 110 OTHOIIIe-
HUIO K SMUTHPYIOIEeVl IIOBEPXHOCTY KOMIIOHEHTOM nMIrynbea [5]. Vimenno ot W 3aBu-
CUT B IIePBYIO ouepenb KoapUIMEHT IPOXOX/eH)A MOTeHI[aIbHOTO Oapbepa Ha rpa-
HIL[e KaTofa U BHemrHeit cpefsl (Bakyyma): D = D(W) = D(W; E, @). B To xe camoe
BpeMsl B 9KCIIEpPVMMEHTE 3a4acTyI0 IPUXOAUTCS MMETb JIeJI0 C pacIpesie/ieHlieM YacTuI]
IO TTOJTHBIM 3HeprusM €. B reopun aTo o6cTosiTenbeTBO yuénn SHr [6].

C TOYKM 3peHUs 3TEeMEHTAapPHOTO aKTa SMUCCUM (BbIIETAa OFHOTO 3JIEKTPOHA) 3TOT
IIpOIlecC MOXKHO PAacCMATpMBaTh Kak CaydanHbiil. Bemmunmuer W™ u €%, ¢ KoTOpbIMI
3apsfi MOKM/IaeT IOBEPXHOCTb MCTOYHMKA, OKa3bIBAIOTCS 3aBMCUMBIMU CIyYallHBIMU
Be/IMYMHAMU. BOIIPOC O CTaTMCTUYECKOM MOJeTMPOBAHNUY CIIEKTPOB MOAPOOHO paso-
OpaH B [7], KOrIa aKT SMMUCCUM XapaKTepuU3yeTcsl KOHKpeTHbIMY 3HaueHusaMn E, @, T u

! Cankr-Ilerep6yprckuit rocygapcTBeHHBINN YHUBepCuUTeT, Poccuiickas Oepgeparust, 199034, CaHkT-
I[Tetep6ypr, YHUBepcurerckas Hab., 7-9.
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COMYTCTBYOIMM mapamerpoM Ep — sHeprueit OepMu (XMMMYECKUM MOTEHIMAIOM
QHeKTPOHHOFO I‘asa):
too +oo
j=e f Ve (W)W = ¢ f Do (E)dE,
0 0
vea (W) = L D(W)ln(1+exp[ 7=]),

Pt (E) = ’,; (1+exp [k—T])I f D(W)dW,

0
I7le e — 37IeMeHTapHbI 3apsfl, M — Macca 37eKTPOoHa, k — mocrossHHasA bonbliMaHa,

h — mocrosannas Ilnanka. OpgHAaKo, ecmM paccMaTpUBaTh CIIEKTPBI BCEX YYACTHMKOB
bOpMMPOBaHNA SMUCCHOHHOTO M300pa>keHNsA, TO, BUAVMO, C/IeAyeT IOCTYIUTb VHA4e
Y VICTIOZIb30BAaTh ITOJIHBIN TOK

Iz.gde:f ju,v)|J(u,v)| dudv
s o

VIl IOCTPOEHMSI MPOCTPAHCTBEHHOM IIOTHOCTY P(U, V) paclpefeneHus 31eKTpo-
HOB 9MIICCUM, IIOCTIE YeTO IIPOVM3BOAUTH POSBITPHIII CIIYYalHbIX 3HadeHuit W™ u E.
3pech S — MOBEPXHOCTH aMuccuy, () — 06/1acTb omnpeseneHyss 00001 EHHBIX (KPUBOIN-
HEITHBIX) KOOPAMHAT U M V Ha MOBEPXHOCTU Katofa, a |/(u, v)| dudv - smement mo-
BEpXHOCTM B JAHHBIX KOOpAVMHATaX. [IpeaiaraeMbli MOAXO MO3BO/IAET YYUTHIBATD He-
OIHOPOJHOCTD pacupepenenys semmayH O u E 1o S, u chenaTh sHepreTnyeckye CreK-
TpbI 60JIee MHTETPAIbHBIMU XapaKTePUCTUKAMU. JTO JAéT HOIIOTHUTETbHYI0 BO3MOX-
HOCTb OI[eHKM YCpeIHEHHbIX 3HaueHuit mapametpos @ 1 E, KOTOpbIE TakxkKe MOMTY4aioT
u3 nHTerpanbHoit BAX, 1, kak crefcTBme, O3BOJIAET OOIee JeTalbHO CPaBHMBATD TEO-
PMIO U pe3y/IbTAaThl MOZIE/IPOBAHMSA C SKCIEPVIMEHTOM.

Cnucok nnTepaTtypsbl

1. Eropos H.B., llemnsn E.II. ABTO9/meKTpoHHas amuccust. [IpuHunmns 1 npu6opsl. JloAronpysHsiii:
Wsp. Jom «VuHTemmexT», 2011. 704 c.

2. ®omenko B.C. OmuccnonHble cBojicTBa MaTepyuanoB. CipaBoYHUK. VI3[, 4-e, epepab. U ZOIOIH.
Kues: HaykoBa JIymka, 1981. 340 c.

3. Eropos H.B., Bapatonp M.J., bype B.M., Aaronos A.IO. // IloBepxHOCTb. PeHTTeHOBCKIE, CMHXPO-
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Anrtonos C.]I.!

BNIVNAHWNE TEPMOMEXAHUYECKNX TPEHNPOBOK
HA PABOTOCNOCOBHOCTb 1 CTABUJIbHOCTb PABOYUX LNK/TOB
MAPTEHCUTHbIX ABUTATENEN

Merannel, obnagamomue s¢gpdexTom mamaru ¢GopMbl, B Halle BpeMs aKTUBHO MC-
HO/IB3YIOTCA B PAs3INYHBIX 00/1acTAX. XOTA ¢ OTKPBITHA 3TOT0 3¢ deKTa mpomio Honee
80 s1eT, HO 1aJIeKO He BCe CBOVICTBA ¥ OCOOEHHOCTY TaHHOTO 3 deKTa MCCIeOBaHbL

OddexT mamMATH MeTa/lIa — 3TO ABJIEHNME BO3BpaTa MeTajlla K €ro IepBOHAYAIbHO
dbopme mpu HarpeBe. ITuM 3 dekTom 0b6mamaIOT CITaBhl ¢ mamsAThio popmbl. To ecTb
TaKJe CIUIaBBI ITOC/Ie NeOpMUPOBAHNA B XOMOZHOM COCTOSHMM BO3BPAIAIOTCA K VIC-
XOJHOI ¢opMe Impu HarpeBe. ATy 0COOEHHOCTD CIIABOB C NMAMATHIO GOPMBI IPUMEHS-
I0T J/IA CO3[aHNA MapTeHCUTHBIX JIBUTaTe/Ieil — YCTPOICTB, B KOTOPBIX T0/Ie3HasA pabo-
Ta IIPOM3BOAUTCA 32 CYET MAPTEHCUTHBIX IIPEBPaleHNI.

B MapTeHCUTHBIX ABUTATeNAX IIMPOKO IPUMEHSIOTCSA [Ba THMHA PabOYNMX ILMKJIOB:
MATKMI OMKI (C yIpaB/eHNeM HampspKeHMeM) M SKECTKUI MK (C yIpaB/ieHNeM Jie-
dopmarueit). Vicronpsys craBbl ¢ TaMATbI0 GOPMBI B KauecTBe pabodnx 371eMeHTOB
B 9TVX THUIIAX I[VK/IOB, MbI CTaJKMBAEMCS C Ipo6/IeMOl CTabMIbBHOCTM CBOVICTB 3TUX
crtaBoB. [Ipy xEcTkoM IVKIIe pe3Ko yObIBaeT Ioje3Has paboTa CIUIaBa, a IPU MAT-
KOM — OBICTPO pacTér ocTaToyHas medopmarys LMKIa u obpaser mepectaér paboTaTh
B 3aJJaHHBIX MapaMeTpax. CTabMIn3anum CBOJCTB CIIaBa MOXKHO JJOCTUYb ITyTEM IIpO-
BeJICHIA TePMOMEXaHIYECKIX TPEHIPOBOK.

Ilenb aT0it PabOTHI — IPOMOJIEIVPOBATD BIIVISAHNE Pa3/INYHBIX TPEHNPOBOYHBIX pe-
JKVIMOB Ha CTaOM/IBHOCTb CBOJICTB CIUIABOB C IAMATHbI0 OPMBI B YCIOBUAX MATKOTO
Y1 KECTKOTO IIVIKJIOB.

MopenmpoBaHnue AedopMalny CIJIaBOB C MAaMATbIO GOPMBI B paboTe MPOBOAMIOCH
C TIOMOIIBI0 MUKPOCTPYKTYpHOI Mogemu [1], paspabarbiBaeMoii Ha Kadenpe Teopunu
ynpyroctu CII6TY. Ota Mozienb XOpoIo 3apeKOMeH/IoBaa ceOs IS OIMMCAHNA OCHOB-
HBIX (PyHKI[MOHA/IbHBIX CBOJICTB CIUIABOB C ITaMATHI0 GPOPMBL B KauecTBe MOJENTBHOTO
MaTepuaina 61 BoiOpaH crtaB TiNi 61m3kuit K 9KBUATOMHOMY COCTaBY.

B paboTe mccnenoBaHo ABa TUIIA TPEHMPOBOK: MEXaHOLMKIMPOBaHNe IPY OCTOSH-
HOJI TeMIlepaType ¥ TepMOLUNKINPOBAHNE IO IIOCTOSHHBIM HAIIPsKEHNEM.

CHayaza pacCMOTPUM MATKUI IIUKIT, KOTOPBIl COCTOUT U3 C/IEAYIOIIX ITAIOB:

1. Harpyska go 50 MIIa.

2.  OxnaxpgeHne.

3. Jorpyska go 200 MIIa.

4. Harpes

! Cankr-Ilerep6yprckuit rocygapcTBeHHBINN YHUBepCuUTeT, Poccuiickas Oepgeparust, 199034, CaHkT-
I[Tetep6ypr, YHUBepcurerckas Hab., 7-9.
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5. Pasrpyska go 50 Mma.

[ToBTOpsia 3TOT UMKI 4 pasa, CTaIKMBaeMCsi C IPoOIeMoit CTabUIbHOCTU
(cm. puc 1a). Pesko pactér octatouHas pebopmanus (qedopmaiys mepBOro LUK Co-
craBisieT 0,5 %). Temepb >ke pacCMOTPUM TOT K€ MSTKMUII LIUKII, HO ¢ 06pasIjoM, KOTo-
PBIIl IIpefiBapUTeIbHO MOABEPrcs TpeHMposke. Ha puc. 16 mpeacraBieHO cpaBHEHNe
HeoOpaTuMoit fedopmanyy B nepBbIX 10 pabouux IUK/IaX HETPEHMPOBAHHOTO CIIIaBa
U IpefiBapUTETbHO IOABEPTHYTOrO MEXaHOLVIK/INYECKMM TpeHupoBkaMm. Ha puc. 1B
IIpeJiCTaB/IeHbl AHAIOTMYHbIE 3aBMCYMOCTY /IS TEPMOLIVIK/INYECKIX TPEHUPOBOK.

Ha puc. 16, B MO>XXHO Y€TKO YBUJETb IIOIOXKNUTENIbHBIN 9P PEeKT TEPMOLMKINPOBAHNS
Y MEXaHOLWIMPOBAHNUA Ha CTAOWIBHOCTb MATKOTO IMK/JIA — HAaKOIUICHME OCTAaTOYHON
nedopMaryy IOC/ie TPEHNPOBOK 3aMEeTHO CHVKAETCS.

[Tomy4nM OLeHKY KOIMYeCTBa TPEHVPOBOYHBIX IIMK/IOB HEOOXOAMMBIX [JIA CTaOWIN-
3aIUM CBOJICTB CIIaBa. byfeM cumTaTh, YTO LMK/ CTAOW/IEH, e/ ocTaTo4YHas fgedop-
ManusA (Broporo paboyero uykia) He npesbimaer 0,01 %. Torma uMeeM pacueTHyto 3a-
BUCVMOCTD KOJIMYECTBA TPEHVPOBOYHBIX IIMK/IOB OT HAIIPSDKEHVS IIPYU TePMOLMKINPO-
BaHUY /IS JOCTVDKEHMS CTabWIbHOCTY pabodero nukia (puc. 2).

1,04

0,5

T
300 350 400 450 500 0 2 4 6 8 10
T,K N

%

ocT

0,15

0,10

0,05+

0,00 - —

Puc. 1. Msrkuit ik o6pasia 6e3 TpeHNpOBOK (2); 3aBUCUMOCTH HeobpaTuMoit medhopManym OT HoMepa
LUKIIa, Tie @ — K1 6e3 TPeHMPOBOK, A — MeXaHOLMK/IpoBaHue ¢ febopmanyei 4 %, O — MEXaHOLIMK-
nupoBaHue ¢ fepopmanueit 6 % (6); 3aBUCUMOCTY HeoOpaTUMOI feopMaLyy OT HOMepa LMKIIa,
rie O — TepMOLVIK/IMpOBaHye ¢ HanpspkeHeM 200 MIIa, a V - ¢ Hanpspxennem 500 MITa.

Ha pucynkax (6) u (B) mycTble Gurypbl COOTBETCTBYIOT 10 TpeHMPOBOYHBIM LIMK/IAM, 3alI0NHEHHbIE — 50.
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T T
200 400 600
Ty, MMa

Puc. 2. 3aBUCHMOCTD KOIMIECTBA TPEHNPOBOYHBIX NVIK/IIOB OT HAIPSAYKEHMA IPY TEPMOLVIK/IVIPOBAHNN
OIA DOCTVDKEHU A CTabUIBHOCTU pa6oqero OUKIIa.

3aTeM pacCMOTPUM XECTKUI IIVK/L, KOTOPBIl COCTOUT U3 3TAIIOB:

1. edopmupyeM 1o 6 % (HauMHaeM C TeMIIepaTypbl MApTEHCUTHOTO COCTOSTHYSA).

2.  ®ukcupyem gedpopmanyio u HarpesaeM (T = 450 K).

3. edopmmpyem o ycnoBHOro HymA (Ha -6 %).

4. OukcupyeM feopMaLIO M OXTAXKAEM.

[ToBTOPSIA IVIKIT, BUIUIM, UTO pe3KO YObIBaeT mojie3Hasi paboTa 1ykia (YMeHbIIAeTCs
IJIOI[afb KOHTYPa, 06XOAMMOrO IPOTUB YaCOBON CTPEIKN, @ 00XOAMMOTO 110 4aCOBOI —
yBenmuauBaercs). CpaBHMM CTaOMIBHOCTD pabo4MX I[K/IOB HETPEHVPOBAHHBIX U Tpe-
HMPOBaHHBIX 00PasIoB (C aHaJIOTMYHBIMI TPEHMPOBKAMM) IO U3MEHEHNUAM IOJIe3HOI
paboThbl OTHOCUTEILHO IlepBOro padoyero nukiaa. Ha puc. 36 mpepcraBieHbl 3aBUCUMO-
CTU M3MEHEHVIS IT0JIe3HOT paboThl OT HOMepa LMKJIA JI1 HeTPEHVPOBAaHHOTO 0bpasia u
06paslioB IOABEPTHYTHIM TEPMOLMKINYIECKMM 00pabOoTKaM, aHA/IOTUYHBbIE 3aBUCUMO-
CTU U1 MEXaHOLVIK/INYECKNMX TPEHMPOBOK IIpefcTaBeHbl Ha puc. 3B. V3 puc.3 6, B
BUJJHO, YTO 3HauYeHUe IOJIe3HOI pabOThl 3a LIVIKJI IIOC/Ie TPEHNPOBOYHBIX IIMK/IOB CTa-
OMM3MPOBAIOCH.
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MnMa >
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Puc. 3. XKectxuit uyki 6e3 TpeHMPOBOK (a); rpaduky cpaBHeHUA pabO4MX LUKIOB IOC/Ie TPEHUPOBOK
I10 yTpaueHHOI1 paboTe 3a IIVIKJI OTHOCUTEIBHO IIepBOro nukia (6), (B)
(o603HaUeHMST aHATIOTUYHBI puC. 1).

BriBogbr:

1. Ilpm yBenmuyeHMM TPEeHMPOBOYHOTrO HampsDKeHusA (medopmaumm) tpedyercs
MeHbIlle TPEHVPOBOYHBIX LIMKIOB IS JOCTVDKEHMSI CTaOVIBHOCTY CBOJICTB CITIaBa.

2. YBenuueHue yuciaa TPEHMPOBOYHBIX I[MK/IOB MIPUBOAUT K OObLIEN CTaOMIBHO-
cTM paboyero IUKIIA.

3. JlnA crabuamsanyy >KeCTKOTO LMKJIa JTy4llle IIOAXOAUT TPEHUPOBKA MeXaHOIVIK-
JIMPOBaHNEM, A [/IA MATKOIO — TEPMOLVK/IMPOBAHNUEM IIOf, IIOCTOSSHHBIM HaIpsKEHU-
eM.

Cnucok nnTepaTtypsbl

1. Fedor S. Belyaev, Aleksandr E. Volkov, Margarita E. Evard Microstructural modeling of fatigue
fracture of shape memory alloys at thermomechanical cyclic loading // AIP Conference Proceedings Vol.
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Apytionsan A.P.', Ilerpydok A.JL.!

PACYET SHEPTETUYECKOTIO BAJIAHCA OBPA3L,0B 13 KAMPOJIOHA
NP MEXAHUYECKNX NCTIBITAHUAX

B Hacrosee Bpems Bce 6onblie 1 6osblle B pasandHble chepbl MHPPACTPYKTYPhI
BHEJIPAIOTCA IO/MMMEpPHble MaTepyaibl. B oT/Muye OT MeTa/yIoB OHM 00/IafaloT 60/b-
niell JIETKOCTbI0, KOPPO3UITHONM NMPOYHOCTBIO M MEHbIIIEN IUVIOTHOCTBIO. VccnenoBanns
9BOJIIOLIMY MEXaHNYECKVX XapaKTePUCTUK B MOVMMEPHBIX MaTepyalax SAB/IAIOTCA BaXK-
HOJI 3ajjayeil MaTepuaaoBefieHNA. [[MarpaMMbl pacTsDKEHUSA MOTYT OBITh ITOCTPOEHBI
IO 3aMJICAM IIOTIEPeYHbIX AedopMannii, Ha M3MeHeH)e KOTOPBIX B OOJIbIIeN CTeNeHN
CKa3bIBaeTCA IMepecTpoiika MUKPOCTPYKTYphI Aedopmupyemoro Tena. [l mccnenosa-
HMA M3MEHEHMs CTPYKTYPbl MaTePUaOB UCIIONb3YIOTCS Pa3/INdHble METORbI AMAarHO-
CTUKM, B IIOC/IefHee BpeMs ONTUKO-aKycTudeckue [1-4]. B manHoit pabore nmpumeHserT-
¢ onrtuko-akycrmdeckuii (OA) MeTon, MO3BOAIIINIT U3MEPATb CKOPOCTH IPOJO/Ib-
HBIX C_ ¥ IIOIEPeYHBIX C_ BOJH B /000 MOMEHT BpEMEHV B TeUEHUN SKCIEPMMEHTA.
3HaHmMe ckopocreii C, u C. wmm BpeMeH {, u {. pacnpocTpaHeHusa MMITy/IbCOB IIO3BO-
JIA€T PACCUMTATD TEKYIINI KO3 PUIMEHT NONePeYHbIX fepopMannit 4,

¢’ —2c? o = t? -2t
2(c-c) T2

HaHHbIﬁI METO[ B COBOKYIIHOCTM C OOHOBPEMEHHDBIM KOHTPOJIEM TEIIOBBINCTICHIA

/LLL'= (1)

II03BOJISIET UCC/IEOBATh S9HEPIeTNIeCKMII 6allaHC B XOfIe UCIIBITAHNUII C Y4eTOM pasfiere-
HIS1 pabOTBI BHELTHMX CIJI HA M3MeHeHVe 00'beMa Y SHepPTUIO CABUTOBBIX iepOpMariviil.
TpaguioHHO, 9HepreTUYecKnit 6ajaHc ONpefe/sieTcsd PaBeHCTBOM paboThl AedopmMa-
i W cymme Boifienstomerocs temta Q u ckporroit L sneprum: W =Q — L. Cxpbitas
SHEPIUA CKIA/IBIBAETCA U3 BHYTPEHHEN 9HEePIMNU MIeaTbHOTO TBEPHOTO Tela M MOTeH-
IVIaJIbHOV 9Hepruu fedeKTHOM CTPYKTYpbI peanpHoro obpasua. Hammume nedextHoin
CTPYKTYpBl Ha MMKpOMAcIITabax oOIpefe/seT CyLIeCTBOBaHNE MUKPOHAIPSKEHUI
caBura. B aToil cBA3KM HEOOXOAVMO YYMTBIBATh B OalaHCe SHEpIUM AePOPMUPOBAHMA
paboTy, 00YCIIOB/ICHHYIO [1e/ICTBYeM BHYTPEHHUX MUKPOHAIIPSDKEHNIT CABUTA.

C crarpsax B.A. KysbmeHnko [5, 6] pabora BHemHux cun W npu medpopmupoBaHumn
TBEPABIX Te/l IMPEeACTaB/IsAeTCA KaK CyMMa 9Hepruu, 3aTpadeHHON Ha oObemHble W, 1
casuroseie W mepopmarym: W =W, +W_, W, =Q, +L,, W, =Q, +L ,tme Q, n Q, -
o6beMHBIe 11 CABUTOBbIE YACTH TEIUIOBOI 9Hepruu, L, u L - oObeMHbIe U CIBUTOBBIE
4acTy CKpbITO aHeprun. [Ipu atom monm pabot msmeHeHus: obbeMa U medopMariuii
CIOBUTA OIPee/IAI0TCA K03 PUIMEeHTOM ITOTIepevHbIX fedopManmit 4 :

! Cankr-Ilerep6yprckuit rocygapcTBeHHBINN YHUBepCuUTeT, Poccuiickas Oepgeparust, 199034, CaHkT-
I[Tetep6ypr, YHUBepcurerckas Hab., 7-9.
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W, A (1434307 ) W, 1-37 348 o
w 1+u, W 1+u,

B panHOI paboTe 3KCIEPUMEHTHI 110 MCCTIESOBAHNIO 9BOJTIOINI XapaKTepPUCTUK 00-

pasLloB M3 KalpoJIOHa IPOXOAMIN IO CIepyromei cxeme: 1) Pacrsoxenme oOpasumos
CO CKOpOCTBIO 5 MM/ MuH. o Harpysku o =67 Mlla (B61M3KM BpeMEHHOIO CONpPO-
TUB/IeHN:) 6e3 paspymenns. 2) VcnbiTaHue 06pasijoB Ha MOI3y4ecTb IIPU KOMHATHOM
TeMIlepaType B TedeHMe 4 4acoB IIpY IOCTOSAHHOM Harpyske 45 MIla 6e3 paspyuLieHus.
3) PacTsxeHme 06pas1ioB cO CKOPOCTBIO S MM / MuH. JO pa3pyLIeHN.

Bo BpeMs epBOTO M TpeTbero 3Tala Ha MPOTSHKEHUN BCETo Ipolecca fedopMupo-
BaHMA KOKAYI0 CeKYHIY IIPOBOAVIOCH M3MepeHMe CKOPOCTeil IIPO/IOIbHBIX 1 MOTIeped-
HBIX BOTH OA MeTOmOM.

Ha puc. 1 nmpusepenst 3asucumoctn Q, /W, L, /W, Q./W wu L /W or gedop-

Manuit st obpasiia KalposrioHa.

r
Puc. 1. 3aucumoctu Q, /W, L, /W , Q. /W u L_/W or gedopmanmit g o6pasua KarposoHa

Ha IIepBOM 3Talle HarpyxeHus (a, 0); Te ke 3aBUCUMOCTY Ha TPeTbeM JTalle HaTpy>KerHu (B, I).

[Tocme kaoro MOCIeAYIOIEro Tana Hab/IIOlaeTCsA YMEHbIIeHNe 3HAUYeHUA KOad-
¢dunmeHTa NonepevyHbIX fedopMaIuii 10 CPAaBHEHNIO C IIPEIbIAYIINM STAIlOM Harpyxe-
HYSA. OTO OOBACHAETCS yCWIEHMEM XPYIKUX CBOVICTB Marepuaja IOC/Ie VCIIBITaHMA.
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ECTECTBEHHbIE U TOYHbIE HAYKU [ NATURAL SCIENCES

Hab6miofaeTcsl CyIiecTBEHHO HEIVMHENHBI XapaKTep M3MEHEHMIl YHe/lIbHOV SHepruu
00BEMHBIX 1 CABUTOBBIX JleOpMalnil, KOTOPbIN OIpefe/nseTcs] HeMHETHbIM XapaKTe-
poM m3MeHeHus koadduunenta momepednnix pebopmanuit. Ha HavampHOM 3Tare
IIPOVICXOIUT CHIVDKEHME 3HaYEeHUI YIe/IbHO 0O0'beMHO U CABUTOBOJ YacTeil TeIIOBO
sHeprym. Jlasee HabMOZaeTCA X POCT HA 3HAUYNTE/ILHO HEJIMHEIHOM cTagyy fedopma-
LM/ BIVIOTh O MOMEHTA Pa3pyLIEHMN.

Kntouesvle cnosa: sHepreTmuecKuii 6amaHC, CKOPOCTU IPOJOIBHBIX ¥ IOIEPEYHBIX
BOJIH, K09(ppuimeHT momnepevyHsix gedopmariuii.
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MOZE/IMNPOBAHUE NEPUOANYECKON CUCTEMbI
TOHKUX ABYMEPHbIX MOJIEBbIX SMUTTEPOB

OJ1eKTPOHHO-BaKyyMHbI€ YCTPOJICTBA HAa OCHOBE IOJIEBOI SMUCCUY IMPOKO MCIIO/Nb-
3YIOTCSI B Pas3JIMYHBIX 00/IaCTAX HayKM M TeXHUKU. Kpas c/oeB IByXMepHBIX HOTYIIPO-
BOJJHMKOBBIX HAHOMATep1alioB, HapuMep, rpadeHa, 061agaT BbICOKO 9 deKkTnBHO-
CTBIO0 IMUCCUU U MOTYT pacCMaTpMUBATbCA KaK MojieBble aMUTTepHl [1-3]. [TocTpoenne
aJleKBaTHBIX MaTeMaTN4YeCKMUX MoJiesiell TOJJOOHBIX CUCTEM M UX YMC/IeHHas peannsa-
IUA TO3BOJAKT IMPaBIWIbHO MHTEPIPETUPOBATh MMEIOUMECS SKCIIepUMeHTa/TbHbIe
naHHble [4]. B maHHOIT paboTe mpefcTaBIeHO MaTeMaTYeCKoe MOJeNMpOBaHMe IIJI0C-
KOJ IIepUOANYecKOl 3MUCCHOHHON CUCTEeMBbl Ha IUIOCKOW mojioxke [5, 6]. [loBepx-
HOCTb K)X[JOTO 3MUTTepa HpeACTaB/sAeT co00il YacTh IVIOCKOCTH, aHOJ, — IUIOCKOCTD,
napasienbHas MOfNoXKe. /A pellleHNs TpaHNYHON 3a[auyl UCIIONb3YyeTCs MEeTOf, pas-
Jie/IeHMs1 IePEMEHHBIX B IeKapTOBBIX KOOpANHATAX (X, Y).

ITapameTpbl cCTEMBI:

Y = Y, — IOBEPXHOCTb aHOJa; Y; — BBICOTA Karofa, X = X; (0 <y < y;) — moBepx-
HOCTb KaTOJja;