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AHHOTALUA

B cratee paccMaTpuBACTCS KapKACHOC KUJINIITHOC CTPOUTCIILCTBO KaK Bq)q)eKTI/IBHaﬂ MEpa Mo paclIupCHUIO
JKWIMIIHOTO CTPOUTCIIBLCTBA B Poccun. Tak xe MPUBCACHBI IMOJOKUTCIBHBIC ACIICKTBI PA3BUTHA KAPKACHOTO N0-
MOCTPOCHU, IMTPECAJIOKCHBI MEPBI IJI YBEJIMYCHUA MAaCCOBOI'0O KUJIUIITHOTO CTPOUTEJILCTBA.

Abstract

The article examines frame housing construction as an effective measure to expand housing construction in
Russia. The positive aspects of the development of frame housing construction are also given, measures are pro-
posed to increase mass housing construction.

KiroueBble c10Ba: AOCTYITHOC KUJIbE, KAPKACHOC KUIHUIIHOC CTPOUTEIILCTBO, SKOA0M, 3(1)(1)6KTI/IBHO€ OHEP-
FOHOTpe6J'IeHI/Ie, CTPOUTCIILCTBO U3 BTOPUIHOI'O ChIPbS.

Keywords: affordable housing, frame housing construction, eco-house, efficient energy consumption, con-

struction from recycled materials.

B Hamreil ctpaHe ToOKaszaTenn 00ECHCUYCHHOCTH
HaCeJICHUsT KOM(DOPTHBIM XHIIbEM OueHb Hu3Kue. [Ipu-
OiM3uTENHEHO Ha Aylly HaceneHus B Poccum mpuxo-
JuTcs 23 KB.M OOIIeH TUIOMIAIN YKUITUIIL, HO YeTBepTas
YaCTh DTOT'0 JKUJILS HE HMEET KaHaIH3aluH, 0K0JIo 22%
HE OCHAII[EHA CUCTEMOU BOJIOCHA0KEHUS XOJIOIHOM BO-
Joi, 35% - cuctemoit BOZOCHA0KEHHS TOpsTIeH BOIOM.

Ecim mpu pacuere HWCKIIOYHTH W3 OOIIEH IUTO-
T[] KIS HEOJIar0yCTPOSHHOE ¥ YUUTHIBATH TOJIEKO
KOM(OPTHOE >KWIbE, HMEIOIIee BCE HEOOXOIUMBIC
KOMMYHHKAIMH, TO Ha Iylly HacesneHus B Poccuu npu-
JIeTCS TOJABKO 15 KB.M >KHJIOH ILIOIIagu. DTOT IOKa3a-
TeJh HECOU3MEPUMO TPOUTPHIBAECT AHAJOTUIHBIM TI0-
KazaTelsiM MHOTHX 3apyOeKHBIX cTpaH. Hampumep, Bo
Opanmmu, Aurimnn u ['epMaHny Ha OTHOTO KHTENS
npuxoautcs 40-50 KB.M KIS

Takum o6pa3om, B Poccun GobIas 9acTh KHITbS
HE yIOBJIETBOPSET COBPEMEHHBIM TPEOOBAHMUSM, TTOUTH
MOJIOBUHA KUJIbSI HY>KJAeTCsl B KAlIMTAIIbHOM PEMOHTE.

XoTs B TOCJEIHHE TOJbl TEMIIbl >KHJIUIHOTO
CTPOUTENIbCTBA YBEIMUYMBAIOTCS, HO MIPU CYIIECTBYIO-
el CTOMMOCTM TOJABJSIOLIas 4YacTh TpaxkJaH He
UMeeT BO3MOXKHOCTU TPUOOpecTH xuiibe. [l pa3Bu-
THSI MacCOBOTO JKIJIUIHOTO CTPOHTENIBECTBA HEOOXO-
JIMMBI HHBECTHIIHH.

OpHo#t U3 3(PPEKTHBHBIX MEp PACIIUPEHUS KH-
JIMITHOTO CTPOUTENHCTBA MOXKET CTaTh KapKacHOE Ma-
JI0O3TaXXHOE CTPOUTEIIHCTBO, YTO TIO3BOJIUT yI€P)KUBATh
CTOMMOCTH | KB.M JKMJIbSI HA YPOBHE, JOCTYITHOM JJIst
OONBIIMHCTBA TPAX/IaH HAIIeH CTPaHbIL.

N3-3a xoporiero yTerumTens KUibe, BO3BEICH-
HO€ KapKacHBIM cIlocoOoM, Oosee sHeprocOeperaro-
iee 10 CPAaBHCHHUIO C KUPITHYHBIM H OCTOHHBIM CTPOH-
TenbcTBOM. Kak mpaBuiio, Takue 1oMa UMEIOT TeIio-
BYI0O  YCTAaHOBKY  BHYTpU  JIOMa,  JIOKaJbHOE
BOJIOCHA0)KEHUE M3 CKBAXHHBI, K KOTOPOIl MOXKET OBITh
MOJKIIIOUEHO HECKOJBKO JOMOB, M JIOKAJbHYIO CH-
CTEMY KaHAJIN3aIlnuu. 3TO BEJIET K TOMY, YTO CTOUMOCTD
TOAKIIOYCHNUA K KOMMYHAJbHBIM CE€TAM IIPU TaKOM
CTPOUTENBCTBE OyeT MUHUMAIbHOM.

B namieit ctpaHe uMeercst JOoCTaTOYHAs JIECOCHI-
pbeBas 0aza. J[peBeCHHBI OCTATOYHO, YTOOBI AKTUBHO
U palliOHAIILHO UCTIOJIh30BaTh €€, B TOM YHCJE B Kap-
KacHOM JIOMOCTPOEHHUHU.

JlpeBecuHa KaK CTPOUTEIBHBIN MaTepHall HMECT
BBICOKHE MPOYHOCTHBIC ITOKAa3aTelIH, OCOOCHHO IpH
C)KaTUM BJIOJIb BOJIOKOH, YTO OY€Hb Ba)XKHO B KapKac-
HOM JIOMOCTPOCHUH, TJIe AEPEBIHHBIN KapKac, COCTOS-
LU U3 BEPTUKAJIbHBIX CTOCK U TOPU3OHTAIBHBIX CBS-
3ei, TIOABEpPraeTcss B OCHOBHOM BEPTHKAIHHBIM
Harpy3kam. [Ipu 3ToM cienyer ydecTs, 4To ApeBecHHa
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SIBJIIETCS. TUIPOCKONMYHBIM MarepuagoMm. Iloatomy
JUTSL oOecTieueHus HaIe)KHOCTH 1 TOJITOBEYHOCTH Aepe-
BSHHBIX JJOMOB KapKacHOT'O THIIa HEOOXOJUMO Ipemy-
CMOTpPETh KOHCTPYKTHUBHBIE U XUMUYECKHE METO/IBI 3a-
IIUTBl KOHCTPYKIUIl, B TOM 4HUCIE C HNPUMEHEHUEM
napo- ¥ BJIaro3alluTHHIX TJICHOK BO U30exkaHue oOpa-
30BaHUs KOH/IEHCATA.

[Tpu BO3BeIEHUM KapKACHBIX 31aHUH HEOOX0IUMO
COOMIOATh CIEAYIONINE YCIOBHUS:

- B OTPaXXJIAIOLIUX BHYTPEHHUX CTEHOBBIX IaHe-
JISIX Y IEPEKPBITUAX HE AOIYCKATh UCIIOIb30BAHUE TETI-
JIOU3OJIAIUOHHBIX MaTEPHAIIOB, BBIICIISIOMHX (HEHOIb-
HbIE€ BELIECTBA B TOM YMCJIE U CTEKJIOBATHI, @ UCIIOJIb-
30BaTh B KadeCTBE TEIJIOM3OJISILIMOHHOIO MaTrepuana
TEIUIOU30/ISILIMOHHBIE IUINTHl Ha OCHOBE JPEBECHOIO
BOJIOKHA OeCHPEpBIBHOTO MPECCOBAHMUS;

- UCIIOJIB30BaTh KJI€EHbIe KOHCTPYKTUBHBIC H3/1e-
JId, KOTOPBIC HC BBIACIAIOT TOKCHUYHBIC BCLICCTBA,
IMpU4YEM HCIOJIB3YEMbIC MaTcpualibl JOJIKHBI 6I)ITI)
TPYAHOTOPIOYNMH, SKOJIOTHICCKH OC30TaCHBIMI;

- IPY CTPOUTEIBCTBE JOMOB HCIIOJIb30BaTh APEBE-
CUHY IOCJIE TEXHUYECKOM CYILKH.

D¢ dexTuBHOE pa3BUTHE KAPKACHOTO JOMOCTPOE-
HUSL BO3MOKHO IOJIYYUTh TOJIBKO, BHEIpPSS HAay4HbIE
pa3paboOTKH MO CO3JAHHWI0 HOBBIX HWHIYCTPHUATBHBIX
TEXHOJIOTUH, HAIIPUMEP ONBITHBIX KOHCTPYKIIHI € yue-
TOM HOPMATUBHBIX TpeOOBaHHH MO COMPOTUBICHUIO
Terlonepenadye, pacu€THbIX 3HAUCHUN TEMIIEpaTyphl,
MAaKCUMAJIBHOI'O0 MNapuuaJIbHOro JaBJICHHSA BOIAHOTO
rnapa u OTHOCHUTEIBHOM BJIAYKHOCTH JJIA KOHCTPYKIIUHN
CTEHOBOM IaHEJIM B PA3JIMYHBIX CEUECHUSIX U IIPOYEe.

BecoMbIM apryMeHTOB B I10JIb3y KapKacHOro J0-
MOCTpPOEHHSI SIBJISIETCSI BOBMOXKHOCTh BO3BEJIEHUS 9KO-
JIOTUYHOTO KWk C MHUHUMAJIbHBIMU SHEpreTuye-
CKHUMHU NOTEPSIMU C HCHOJb30BAHUEM TEILIOHACOCOB,
SHEPTHHU COJHIA, PEKYTIEPALNH TEIUIA IPH BO3IyX000-
MEHE U aBTOMaTH3allMell BCEX CHCTEM dHeprooodecrie-
YCHU.

Ha ocHoBe m3yueHHe MHPOBOTO M OTEYECTBEH-
HOTO OTIBITa MOYKHO BBIICTIHUTH CIEAYIOIHe Oaronpu-
ATHBIC BO3MOHOCTH NPHU MNPOCKTHUPOBAHUU KapKac-
HBIX 9KOJIOMOB:

- (opmooOpa3oBaHue: ONIpeNeICHUE ONTHMANb-
HOMW KWJIOW TIoMIa u; YHepro3pdekTnBHOEe 00BEMHO-
IUIAHUPOBOYHOE PEIICHNE; COXPAHEHHE U FEHEPUPOBa-
HHUE PHEPTUU C MOMOULIbI0 apXUTEKTYPHBIX IIPHEMOB;
MPUHINI TEMJIOBOI0 30HUPOBAHUS 3a CUET YCTPOUCTBA
Oy(epHBIX IPOCTPAHCTB U TETIJIOBOTO SIIIPA;

- MAaKCHMAaJbHO€ HCIIOJB30BAHNE OKpY’Karomen
CpeIsl: MPUMEHEHNE 3€JIEHBIX HAaCAXKICHUH U penbeda
1A YMCHBIICHUA TEIJIONIOTEPD U obecreueHus BETPO-
BOW 3aIlIUTHI 30aHNS,

- 0€30MaCHOCTh CTPOUTEIHHBIX MATEPHAIIOB: 0€3-
BPEIHOCTh, NPUPOTHOE MTPOUCXOXKAEHNE, BO30OHOBIIS-
€MOCTB;

- MHXEHEPHO-TEXHUYECKOE OCHAIEHHE: TeIIo-
CHa0>KeHHE C IOMOIIIBIO CUCTEMBI COJTHEYHOT'O OTOILIe-
HUSl, AKKyMYJSITOPOB TeIJla, HU3KOMOTEHLHAJIbHOU
9HEPTUM IPyHTa; ropsiyee BoJI0CHa0XEeHHE OT COJHEY-
HOUM M BETPOBOW SHEPTHUH; BEHTHIISIIIUS 32 CUET OCTEK-
JICHHUS TIPOCTPAHCTBA M TEIJIOOOMEHHBIX YCTPOWCTB,
SHEProcHa0)KeHHE C TIOMOIIBIO COJTHEYHOM, BETPOBOM

SHEPIHH, YHEPTHH OTXOOB JPEBECHHEI; BOJIOCHAOXE-
HUE C HCIIOJIb30BAHMEM WHAMBUAYAIBbHBIX OYHMCTHBIX
COOPYXEHHH, CENTHKOB, OMOKOJIJIEKTOPOB; UCIOIb30-
BaHUE CUCTEMBI « Y MHBIA JOM.

C kaxapIM rogioM B Poccun, kak U BO BCeM MHpE,
BCE yalle 03By4MBacTCs MpobieMa HepalMoOHAIEHOTO
oOpalleHus! ¢ TBEPAbIMH KOMMYHAIBHBIMH OTXOJaMHU
(TKO) m orxomamu NHpOU3BOJCTBA M IOTPEOICHUS.
MHOTOYHCIeHHBIE CTPOUTENBHBIE OTXOIBI 00pa3yroTCs
B pe3yJbTaTe IEMOHTaKa KOHCTPYKLUHI, KalIUTaIbHOIO
PEMOHTa 3/1aHUl, IPU UX CHOCE WM BO3BENECHUU HO-
BBIX 0OBEKTOB HEJJBIIKUMOCTH.

s penieHns 3Toi poOIIeMBI ¢ TIeTTbI0 MUHAMH-
3allUM CTPOUTENBHBIX OTXOJOB M IOBTOPHOTO UX HC-
MOJIb30BAHUS B NMPOU3BOJACTBE PACCMAaTPUBAIOTCS BO3-
MOKHOCTH TIPUMEHEHHsI TEXHOJIOTHH CTPOMTENbCTBA
3IaHUI M3 BTOPUYHOTO CBHIPBSI C Y4ETOM TpeOOBaHMI
9KOJIOTHUECKUX cTaHIapToB. [IpuMeHeHne cTpouTens-
HBIX 3JIEMEHTOB (0JIOKOB, OCTOHA, ApPMATyPhI), ABTOMO-
OWJIHHBIX TTOKPHIIICK, CTEKISTHHBIX U TNTACTHKOBBIX EM-
KOCTEH — palMOHAJIBHBIA M 3KOJOTHYECKUM MOAXOM.
[Ipu 3TOM MOTYT 3HAYUTENEHO COKPATHTHCS OOBEMBI
MIPOU3BOJICTBA HOBOTO CHIPbS, SHEPTUHU, YMEHBIIUTHCS
MaciTaObl OTXOJIOB.

B xapkacHOM CTpOUTENBCTBE CYLIECTBYIOT TEXHO-
JIOTHH CTPOUTENBCTBA M3 BTOPHUHOTO CHIPBS IIPHU BO3-
BEJICHUH, HalpuUMep, KapKacHBIX 3/[aHUIl U3 JepeBa
WM MeTaJUla ¢ 3all0JIHUTENIeM CTeH OJIOKaMH M3 Helle-
pepabOTaHHBIX BTOPHUYHBIX AJIEMEHTOB MJIM IIPECCO-
BaHHBIX OTXOJIOB.

JlaHHBIE TEXHOJIOTHH MOTYT OBITH YCIEITHO IPH-
MEHEHBI IS PallHOHAJIBHOTO OOpaIeHHs CO CTPOH-
TENbHBIMU OTXOJaMU M YJIYUYLIEHHs] 3KOJOTHYECKOU
CUTYaLUH.

st yBenrueHus MacCOBOIO >KUIIUIIIHOTO CTPOU-
TENECTBA 00S3aTCNFHBIM OYJeT MPUHITHE CEPhE3HBIX
OpPraHU3aIIIOHHO-3KOHOMUYECKHX Mep: Halpumep,
0CBOOOJIUTH JKWJIbE OT ILIATHI 33 MOJKIIIOYEHHE K Ce-
TSIM, TIOKPBIBasi pacxoibl Tapu(poM; YIpOCTUTh MOPS-
JIOK BBIJICICHUS 3€MJTH; YCTAaHOBHUTH JKECTKHE TpeOoBa-
HUS TIPU COOPY>KEHUH KHIIIBIX MAaCCUBOB, 00ECIICUHB HX
HEO0OXOIMMBIMU OBITOBBIMH U COLIMATIBHBIMU YUPEK/Ie-
HUSIMU; JIOPOTH CO3/1aBaTh 3apaHee U C HCIOJIb30Ba-
HHEM TOCyIapCTBEHHBIX CPEICTB; MU PEpEHIINPOBATH
HAJIOTU B 3aBUCHMOCTH OT PBIHOYHOH CTOUMOCTH U
KOM(OPTHOCTH BO3BOJMMOTO KWJIbsI; AU PepeHIupo-
BaTh KBapTIUIaTy OT KJacca KWIbs; BKIIOYUTH B
OIUIaTy KOMMYHAJIBHBIX YCIyT 00si3aTelbHOE CTpPaxo-
BaHUE 3TOTO JKWIbS; NEPECMOTPETh yCIOBUS HUIIOTEU-
HOTO KPEAWTOBAHHUS Ha CTPOUTEIHCTBO M IPHOOpeTe-
HUE XWIbS B CTOPOHY CHIDKEHHS MIPOIICHTHON CTaBKH;
MHOTOKpPAaTHO pAacIIMpATh cdepy apeHnasl rocynap-
CTBEHHOTO JKIJIOTO (hOHAA JUISI BOSMOXKHOCTH BPEMEH-
HOTO TPOXHBaHWS I'pakaaH 0e3 3aTpaTbl OrPOMHBIX
CPE/ICTB 10 MOMEHTa NPSIMOI MOKYNKH COOCTBEHHOTO
JKUIIbSL.
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B crarbe paccMmaTpuBaroTcs 6e3y1apHbIe METO/IbI OTPYXKEHHSI TOTOBBIX CBai, MPEMMYIIIECTBO 3THX METOJIOB
B YCJIOBHSIX TUIOTHOM FOPOJICKOHN 3aCTPOMKH 110 CPAaBHEHHUIO C YJaPHBIM METOJIOM ITOTPY>KEHHSI.

Abstract

The article discusses shockless methods of driving finished piles, the advantage of these methods in condi-
tions of dense urban development in comparison with the shock method of driving.
KiroueBble cjioBa: TOTOBBIE CBad, Oe3yAapHOE IMOTPYKEHUE CBaid, CBAWHBINA ()yHIAMEHT, nedopManus 371a-

HUH, IJIOTHAS 3aCTPOMKa.

Keywords: ready-made piles, shock-free driving of piles, pile foundations, deformation of buildings, dense

building.

[Ipu coBpeMEHHOM CTPOMTEIHCTBE YACTO MPUXO-
JIUTCSI BO3BOJUTH CBailiHble (DYHIAAMEHTHI B YCIOBHIX
IUIOTHOM rOPOACKON 3aCTPOMKH, UYTO HEraTUBHO CKa3bl-
BaeTCsl Ha LIEJIOCTHOCTH U COXPAHHOCTH CYIIECTBYIO-
LIMX 3[JaHUI, pacrnoiaraluxcs B HENOCPEACTBEHHON
OJIM30CTH OT CTPOUTEIHCTBA.

[Ipu norpyxeHuu cBail, HpuMEHEHUH IIITyHTa MO-
JIOTOB MJIM BHOPONOTpY’KaTeNed BOJIHM3H CYIIECTBYIO-
MMX 3AaHUA M COOPYXKEHHH HEOOXOJMMO OIEHUTH
OITACHOCTH JJII HUX JUHAMHUUYECKHX BO3JICHCTBUM, HC-
XOJIs U3 BIUSHUS KoJieOaHuii Ha nedopmary TpyHTOB
OCHOBaHHUH, TEXHOJIOTHUECKUX MPUOOPOB U 000PYI0-
BaHUs.

Jns uckimodeHus aeopMaIiy CyIIeCTBYFOIINX
3[IaHUI MIPY BO3BEIICHUHN PSIOM 3J]aHUHN Ha CBasX HEOO-
XOJMMO HaJIMYHE CIEIUAIbHON TEXHUKH U €€ aJIeKBaT-
HOE IMpUMEHEeHHE. TexXHOJOrMYecKHue BO3MOMXKHOCTH
UMEFoIIerocsi 00OpYIOBaHUS TOJDKHBI COOTBETCTBO-
BaTh IOCTABJIEHHOW 3ajade, TaKKe HEOOXOIHMMBI CO-
0Jr0IeHNE TEXHOJOTHIECKOTO PerJIaMeHTa U KOHTPOITh
KadecTBa BBITTOJHAEMBIX paboT. O4eBHIIHO, UTO JIt00as
caMasi COBpeMEHHasl TeXHUKa JI0JKHA MMPONTH IpeiBa-

PHUTETbHYI0 00pabOTKy PEXMMOB U alalTallUI0 B UH-
KEHEPHO-TEOJOTMYECKUX YCIOBUSIX MECTHOCTH Iepe]
HayaJIoOM MacIITa0HBIX PabOT MO yCTPOWCTBY CBail B
HETIOCPECTBEHHOM OJIM30CTH OT CYIIECTBYIOIIUX 37a-
HUH.

PaccmarpuBas 6e30macHOCTb TOM WM MHOM TeX-
HOJIOTUH CBaiiHOTO (pyHIMPOBaHMS, B KauecTBe (PaKTo-
POB pHCKa HY>KHO YYMTBIBATh BCE TEXHOJIOTMYECKUE
Ollepalny, CHOCOOHBIE HEraTWBHO MOBIHUATH Ha
TPYHTBI OCHOBAHHUS M KOHCTPYKLIMH OKPY’KaIOIIeH 3a-
CTPOWKH, cO37aTh BHUOpAIMOHHBIE HATPy3KH; yXy/I-
IIATH CBOWCTBA OKPY’KAIOIINX TPYHTOB U IPOYEE.

Br100op cBaltHBIX TEXHOJIOTHH CIIEAyeT BHIIOTHSTH
B 3aBUCUMOCTH OT PACHOJIOKEHHS yUaCTKa CTPOUTEINb-
CTBa OTHOCHUTEJIBHO OKPYXKarolleil 3aCTpONKU U UHKe-
HEPHO-TE0JIOTMYECKHUX XapaKTEPUCTHUK €ro pa3pesa.

Jist Toro, 4ToOBI M30€KaTh KPUTHUECKUX BUOpa-
LUOHHBIX HArPy30K Ha CYLIECTBYIOIINE 3/1aHUsI IIPH 3a-
OVBKe CBail B YCJIOBHSIX TOPOJICKOM 3aCTPOMKH, OBLTH
paspaboTanbl Oe3ymapHbIe METOIBI IOTPYKEHHS TOTO-
BBIX CBaii: CBaW TOTPY)KAIOT BHOpamuel, BIaBIHBA-
HHUEM, 3aBUHUYMBAHUEM, C HCIIOIb30BAHUEM ITOIMBIBA U
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3NIEKTPOOCMOCA, a TAK)KE KOMOWHAIMAMH 3THX METO-
JIOB.

BubOpannoHHbIH METOA MCIOJB3YIOT MPU HOTPY-
JKCHUH TIOJIBIX CBail M CTAJBHOIO IIITYHTA, TOCKOJIBKY
TaKue KOHCTPYKIMHU CBai IPH MOTPY>KEHUH BCTPEYAIOT
MEHBIIIee CONPOTHBICHUE IPyHTa. DTOT METOJl OCHO-
BaH Ha 3HAYUTEILHOM YMEHBIICHUHU IIPU BUOPALIUH KO-
a¢puLmeHTa BHYTPEHHETO TPEHUS B IPYHTE U CHJI Tpe-
HUS 110 OOKOBOM MOBEpXHOCTH cBail. [Ipu aTOM mpownc-
XOAWT YaCTHYHOE YIUIOTHEHHE TpyHTa C 30HOH
ymmotHeHus 1,5...3 amameTpa cBam. OTHM METOIOM
MOTPYXKAIOT CBaW C IOMOINBIO BHOPOIOTpY>KaTeleH.
Bomee yHuBepcanbHBIM SIBIISIETCSI BUOPOYNAPHBIA Me-
TOJ] ITOTPYKESHUS CBaH C MOMOIIbIO BUOPOMOJIOTOB.

Merto/ BAaBIMBaHUs — 3TO METOJ MEHEE OIaceH
JUISL OKPYKAIOIINX COOPYIKEHUH, 4eM BUOPAIIIOHHBIN U
BUOPOYZApHBIH METOIBl. ODTHM METOIOM MOrpyxa-
IOTCSI KOPOTKHE CcBad (0 6 M), UCTIONB3YS CIIEIHalIb-
HbI€ YCTaHOBKH, BO3/ICHCTBYIOIIME HA CBAIO CBOCH Mac-
coil. B mI0THBIX TpyHTax nepen BAaBIMBaHUEM TPEOy-
eTcsi MPOM3BECTH OypeHHe IMIUPYIOIINX CKBAXKWH
HeOOJIBIIOTO pa3Mepa.

B mpakTHke cTpOUTENBCTBA Yallle IPUMEHSIOT Me-
TOJI, OCHOBAaHHBIH HA KOMOMHHPOBAaHHOM BO3IEHCTBUHI
BUOpAIMK ¥ CTATHYECKOTO IIPUTpy3a (BUOPOBIABINBA-
HHUE). DTOT crocob Oosiee APPEKTUBEH, YEM MPOCTOEC
BIAaBJINBAHUC.

MeTOI[ 3aBUHYMBAaHNWs OCHOBAH Ha BBUHYUBAHUU
CTAJBHBIX M JKEJIE300€TOHHBIX CBall CO CTaJbHBIMHU
HaKOHCYHHUKaMHW B TI'PYHT C MOMOLIbIO YCTaHOBOK,
CMOHTHPOBAHHBIX Ha 0aze aBTOMOOMJIEH MM aBTOMO-
OWJIBHBIX TATOYEH. MeTox YacTo NPUMEHSIOT HpH
ycTpoicTBe PyHIaMEHTOB 0] MauThl IMHUN 3JIEKTPO-
nepesiauy, panoCBsI3u U JPYTHe COOPY>KEHHUS, TJIe MO-
TYT IIPUCYTCTBOBATH BHIJICPTUBAIONIHIE YCHITHSL.

Merto/ orpy>eHust CBai ¢ HOAMBIBOM IIPEJICTaB-
nsieT coO0i pa3phIXJIEHHE W YaCTUYHOE BHIMBIBAHHE
CTpYSIMH BOJbI T'PYHTA IOJ OCTPUEM CBaH.

[Morpyxenue cBaii ¢ MOMOIIBIO BIIEKTPOOCMOCA
IIPUMEHSIETCS IIPU YCTAHOBKE CBall B [NIMHUCTBIX TPYH-
TaXx. OHO OCHOBAaHO Ha TOM IPHHITUIIE, YTO MPH KpaT-
KOBPEMCHHOM ,E[eﬁCTBPIH IMOCTOAHHOT'O TOKAa BOKPYT 3a-
OGuBaeMoii CBaM, MOJIKITIOYCHHOHN B CETh B KAYECTBE Ka-
TOJa, BJIAKHOCTh I'PYHTAa BO3pAacTacT, B pe3yJbTare
Yero TOHWKAIOTCS CHIIBI TPEHUS] MEXy CBaei U rpyH-
TOM.

KoMOuHMpOBaHHBI METOJ TIOTPY)KCHHS CBai
NPUMEHSIOT B TE€X CllydasX, KOT4a OTCYTCTBYET BO3-
MOXHOCTb MIOTPYXKEHHsI CBAU Ha BCIO JAJTUHY KaKUM-TO
OJIHUM M3 BBIIIEYyKa3aHHBIX METOJIOB.

B ycnoBusx mioTHOH TropoacKoit 3acTpoiiku 6e3-
yAapHble METOJIbI MEHEE BPEIOHOCHBI AJISl CYIIECTBY-
IOIUX CTPOCHMI, YEM yAapHBIA METOH MOTPY>KEHUS
cBail. OHM 3HAYUTEIBHO CHIDKAIOT BUOPAIIMOHHEIC
HATpy3KH Ha 3[aHU, PacIIOIOKEHHBIE BOJIM3U MPOBe-
JIEHUS] CTPOUTEIBCTBA, HO MOJHOCTBIO HE MCKIIIOYAOT
HX.

HccnenoBanus mokasanu, 4To i IUIOTHOM ro-
POACKOM 3aCTPOMKY UAEATBHO MOAXOIUT METO]] 3aBUH-
YUBAHUsA, [IPU KOTOPOM HE OKAa3bIBACTCS BHOPALIMOH-
HOTO BO3JCUCTBUS HA 3[aHUA U KOHCTPYKIIMM BHE 3a-
BHCHMOCTH OT PACCTOSIHUSA JIO HUX.

HecMmoTps Ha TO, UTO UCTIONB30BAaHUE OE30MACHBIX
JUISL OKpY>KarolIel 3aCTpOMKHY MPUHIUMIIOB, TEXHOJIOT U
¥ METOJIOB IIPOU3BOICTBA PAOOT IMPUBOIUT K YAOPOIKA-
HUIO CTOUMOCTH IIPOEKTA, YBEIMYEHUIO CPOKOB MIPOU3-
BOJICTBA paboT (10 CPaBHEHHIO CO CTPOUTEIHCTBOM B
OTHOCHTEIIFHO HOBBIX paliOHaX), OTPOMHBIM MpPEUMY-
IIECTBOM SIBJISIETCST BOSMOXKHOCTB OCYIIIECTBUTH Oe31e-
(eKTHOE CTPOWTEIHCTBO B IDIOTHOH TOPOJACKOI 3a-
CTpOHKE.
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Abstract

We investigated the effect of the calmodulin blocker chlorpromazine on the activation of TRPV1 channels
caused by the application of capsaicin in solutions with low and high concentrations of external calcium. The
experiments were performed on a 1-2-day primary culture of neurons isolated from the dorsal root ganglia (DRG)
of rats aged 9-12 days. To determine the level of intracellular calcium in the experiments, we used the method of
microfluorimetry. Neurons were loaded with a fluorescent probe Fura 2AM. Small neurons belonging to nocicep-
tors with a diameter of 15-37 pm, the surface area averaged 590 um?, were selected for the experiment. Capsaicin
(0.5 uM) was applied for 20 s. Chlorpromazine was administered for 2 min, the second application of capsaicin
was performed 1 min after the chlorpromazine administration. All observed responses to capsaicin could be di-
vided according to the response rate - with the rapid and slow development of the effect of capsaicin. We have
shown that the action of the calmodulin blocker chlorpromazine depends on the concentration of Ca®* ions in the
external solution. The latter depends on the increase in the concentration of Ca?* in the solution. At low concen-
trations of external Ca?* (0.25 mM), calmodulin enhances the effect of capsaicin on TRPV1 channels in cells with
a slow development of the effect of capsaicin, and at high concentrations of Ca?* (2.5 mM) causes non-competitive
inhibition of Ca?* entry through TRPV1 channels. We hypothesize that the intracellular calcium level determines

the effect of chlorpromazine on TRPV1 channels.

Keywords: calcium, TRPV1 channels, capsaicin, chlorpromazine.

Introduction

It is known that calcium intracellular signaling is
widely involved in regulating numerous processes and
reactions, including in the regulation of calcium itself
into the cell through a variety of ion channels, including
some TRP channels (Kostyk and others 2005; Kostyk
and others 2010; Kostyuk and Lukyanetz 2006). It was
shown that entry of Ca?* into the cell through TRPV1
channels under the influence of capsaicin (Caps), ago-
nist of TRPV1 channels, causes their desensitization
(Caterina and others 1997; Koplas and others 1997;
Petrushenko and others 2020; Petrushenko and others
2021; Petrushenko and Luk’yanetz 2019; Yang and
others 2014). On the other hand, the Ca?* application to
the intracellular surface of the membrane leads to a de-
crease in Caps-induced current due to calmodulin-me-
diated events (Rosenbaum and others 2004).

Calmodulin (CM) binds Ca?* and serves as a reg-
ulator of Ca?*-dependent processes in the cell. Ca?*-
bound calmodulin usually inhibits several Ca?* chan-
nels with a dangerous increase in intracellular Ca?
through calcineurin activation and protects cells from
Ca?*- cytotoxicity, so blocking calmodulin should lead
to an uncontrolled increase in intracellular Ca?
(Caterina and others 1997; Doroshenko and others
1988). This uncontrolled increase in Ca?* should lead
to inhibition of TRPV1 channels.

CaM is actively involved in modulating the activ-
ity of various components of the cell through direct ac-
tion or by activating several Ca?*/Ca®*-dependent en-
zymes that regulate many ion channels, including po-
tential-dependent calcium ion channels (Doroshenko
and others 1988).

Materials and methods

The method of microfluorescent microscopy was
used to determine the level of intracellular calcium in
the experiments. The experiments were performed on a
1-2 day primary culture of neurons isolated from the
DRG of rats. Neurons were stained for 30 min with a
fluorescent probe Fura 2AM (1 uM).

1. Isolation of DRG neurons and obtaining the pri-
mary culture.

Wistar rats of both sexes were used in the experi-
ments. Animals aged 9-12 days and weighing 15-25
grams were taken into the experiment. Animal experi-
ments were conducted following existing international
and national regulations on the use of experimental an-
imals, in particular: the Council of Europe Convention
of 18.03.1986 and the Law of Ukraine 0of 21.02.2006 Ne
3447-1V.

In our experiments, the type of neurons was deter-
mined visually by estimating the diameter of isolated
cells in the image, Fig.1.
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Fig.1 A photomicrograph showing the size of the studied DRG neurons is presented. There are two neurons in
the middle.

In this case, to minimize the possible error, cells
with a diameter of not more than 12-35 pm were se-
lected. Isolation of DRG neurons and obtaining the pri-
mary culture were performed as described (Dragan and
others 2016; Petrushenko 2013). In short: the isolated
ganglia were transferred to solution 1 for enzymatic
treatment. Treated with a mixture of enzymes tryp-
sin/collagenase in a ratio of 3: 1 (3 mg/ml trypsin, 1
mg/ml collagenase) for 35-38 minutes at 34 ° C. After
enzymatic treatment, the ganglia were transferred to the
culture solution and washed twice with the enzyme.
The ganglia were then transferred to a drop of the me-
dium on cover slides in Petri dishes (approximately 6
slides per 1 cup with a volume of 3 ml) and mechani-
cally dispersed with glass micropipettes and metal nee-
dles. The neurons released due to this procedure re-
mained on the slides for 30-40 minutes in a CO; incu-
bator. Next, 2.5 ml of culture medium was added to
each cup. As such, the obtained primary culture of DRG
neurons was in a CO; incubator and cells were used in
experiments for 20-72 h after preparation.

2. Experimental solutions and media for cell cul-
ture.

Solution for isolation - aqueous solution on phos-
phate buffer DPBS (D5773) with the addition (mM):
CaCl,-1, HEPES-20, NaHCOs-15. The pH of the solu-
tion was adjusted to 7.32 with NaOH.

The culture medium contained 90% liquid DMEM
medium and 10% inactivated calf embryo serum. In the
resulting solution, 26 mm NaHCQs3, 0.6 pm dry bovine
insulin and a mixture of Peniciline/Streptomicine
(0.03%) were added. All reagents used to prepare the
above solutions were purchased from Sigma-Aldrich,
USA.

Base solution for experiments - aqueous solution
containing (in mM): NaCl - 150; KCI - 5; MgCl, — 1.4,
glucose - 5, HEPES - 20. The pH of the solution was
adjusted to 7.35-7.40 with NaOH. The desired concen-
tration of CaCl, (1 - 3 mM) was added under experi-
mental conditions.

3. Measurement of intracellular level of Ca?*
(Calcium imaging)

The intracellular calcium level was measured us-
ing a fluorescent indicator Ca?* - Fura 2AM, as de-
scribed earlier (Dragan and others 2016). The reduction
of Ca?* was carried out using a selective chelator of
Ca?* ions - BARTA. Neurons were loaded with Fura-
2AM in a solution containing Ca?* and Mg?* ions to
stabilize the cell membrane and ensure dye fluores-
cence. The solution in the experimental chamber did
not contain divalent cations. At the same time, the so-
lution for applying depolarizing concentration of KCl
and capsaicin contained 1 mM Ca?* and 1 mM Mg?*.

Results and discussion

Caps-positive neurons belong to the subpopula-
tion of DRG neurons with a small soma diameter (<50
um) with thin unmyelinated fibers (C). According to
(Caterina and others 1997), Caps-activated cation chan-
nels are localized in small DRG neurons. However, in
some tissues, such as tooth pulp, large-diameter neu-
rons with A-fibers may also respond to Caps (lkeda and
others 1997). In our studies, the vast majority of Caps-
sensitive neurons belonged to a subpopulation of small-
diameter neurons.

During long-term applications of Caps on the neu-
ron, TRPV1 receptors responded by reducing the activ-
ity — the amplitude of calcium transients was decreased.
This phenomenon is called desensitization. Desensiti-
zation of TRPV1 channels by type of tachyphylaxis re-
duces the maximum calcium transient amplitude during
successive additions of the same concentrations of cap-
saicin (Koplas and others 1997). Desensitization to the
influence of Caps in DRG neurons lasts 20-45 minutes
after achieving tachyphylaxis (Mandadi and others
2004).

Rosenbaum and coworkers have shown that Caps
activated an input current with an ED50 of 728 nM,
demonstrating co-operation (Hill's coefficient, 2.2);
however, both forms of desensitization were weakly
dependent on [Caps], suggesting a separation between
the activation of Caps-sensitive channels and desensiti-
zation (Rosenbaum and others 2004).
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Fig.2 Dependence of the amplitude of Caps-induced calcium transients on the concentration of Ca?* in the
external solution in the presence of 70 uM chlorpromazine and without it. The mean values of the amplitude is
presented in relative units.

We have shown that the effect of calmodulin
blocker chlorpromazine (50-100 uM) increases intra-
cellular Ca?* concentration and depends on the concen-
tration of Ca?* ions in the external solution. At low con-
centrations of external Ca?* (0.25 mM) in cells with a
slow development of capsaicin effect, calmodulin en-
hances the effect of capsaicin on TRPV1 channels, and
at high concentrations of Ca?* (2-3 mM) causes non-
competitive inhibition of TRPV1 channels and reduced
Ca?* entry. The entry of Ca?* through TRPV1 channels
follows the kinetics of Michaelis-Menten. Calculated
Km = 750 uM (Fig. 2).

desensitization

TRPV1 channels are characterized by bicompo-
nent desensitization: fast, which occurs immediately af-
ter the entry of calcium into the cytosol, and a calcium-
independent slow component, characterized by the in-
volvement of endogenous regulatory molecules. As a
result of repeated applications of the same concentra-
tion of capsaicin, desensitization of the TRPV1 channel
may develop, which manifests itself in a partial de-
crease in the maximum amplitude of the response (tach-
yphylaxis) or complete inactivation, Fig.3.

Fig.3. Inhibition of TRPV1 channel functions.

Studies (Rosenbaum and others 2004) have shown
that in Ca%*/CaM decreased Caps activated current. The
use of Ca?* with CaM enhanced the inhibitory effect of
Ca?* and led to a much more significant reduction in
current. In works of Numazaki and coauthors
(Numazaki and others 2003), it was shown that Ca?*-

binding protein calmodulin binds to the 35-a-segment
at the C-terminus of the TRPV1 channel, and disruption
of this calmodulin-binding segment prevents desensiti-
zation of TRPV1.
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One of the calcium-dependent enzymes in the cell
that can regulate ion channels is calcineurin. This en-
zyme is involved in calcium-dependent inactivation of
potential-dependent membrane channels (Kostyuk and
Lukyanetz 1993; Lukyanetz and others 1998). Previous
studies of TRPV1 desensitization have shown that cal-
cineurin inhibitors reduce this desensitization, indicat-
ing the involvement of the Ca?*-dependent phosphory-
lation/ dephosphorylation process.

It has been shown that the desensitization of
TRPV1-WT currents activated by capsaicin is signifi-
cantly reduced by the complex of cyclosporin A with
cyclophilin, which is a specific inhibitor of protein
phosphatase 2B (calcineurin) (Docherty and others
1996). The following mechanism of capsaicin desensi-
tization sensitivity has also been proposed: growth of
[Ca**]i and activates calcineurin, which leads to
dephosphorylation and desensitization of capsaicin-
sensitive ion channels (Olah and others 2007).

It can be suggested that in our experiments, the in-
hibitory effect of chlorpromazine on calmodulin-de-
pendent phosphatase also depended on the influx of
Ca?*. In solutions with high Ca®* levels, there is a de-
crease in the blocking effect of chlorpromazine on pro-
tein phosphatase and increased inactivation of the
TRPV1 channels. In solutions with low Ca?* levels, the
blocking effect of chlorpromazine on calcineurin is in-
creased, which leads to a decrease of the TRPV1 chan-
nel inactivation and increased input of Ca?* through the
channels. Interestingly, the double action of the intra-
cellular action of calcium - on the one hand, activating,
and on the other - depressing, depending on the concen-
tration of these ions, was observed in the case of poten-
tially dependent calcium channels (Shkryl and others
2001).

Ca?*-bound calmodulin usually inhibits several
types of Ca?* channels with a dangerous increase in in-
tracellular Ca?* and protects cells from Ca?* -cytotoxi-
city, so blocking calmodulin should theoretically lead
to an uncontrolled increase in intracellular Ca®
(Doroshenko and others 1988; Olah and others 2007).
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HI/IpaMI/II[I/IpOBaHI/II/I T'€HOB - 3TO O6’B€Z[I/IHGHI/IG HCCKOJIBKHUX I'CHOB B OIWH I'CHOTHII, KOTOpBIﬁ KOHTPOJHPYET

MHOTHE XapaKTePUCTHKHU, HAIIPUMED, XapaKTePUCTUKU KauecTBa BoJIOKHA. COBpEMEHHast TEXHOJIOTHS MOJIEKYJISP-
HOM I'€HETHKH M T€HOMUKH CIMUPAMUINPOBAHUC T'CHOB), ABJISACTCI OI[HOPII U3 OCHOBHBIX CTpaTeFI/Iﬁ B CO31aHUU
HOBBIX, YJIYYIICHHBIX COPTOB.

B craTbe npencraBieHbl pe3ysbTaThl CTATUCTHYECKOTO aHaJIN3a Ka4eCTBEHHBIX IT0Ka3aTeeil BOJIOKHA XJIOM-
YyaTHHKa copra «3akoBar». HOBBIN copT Xom4aTHUKA «3aK0BaT» MOIYUYEH C IOMOIIBIO TEXHOJIOTHH THPaMHU/IU-
poBanust reHoB ¢ ucnoiibzoBanueM JJTHK-mapkepoB BNL1604, BNL3545 u NAU 2277, koTopble CBSI3aHBbI C JUIN-
HOHM BOJIOKHA, TIPOYHOCTHIO BOJIOKHA U YAJMHEHHUEM BOJIOKHA. Pe3yJIbTaThl SKCIIEPUMEHTOB TIOKA3ald, YTO MMOKa-
3aTeN KauecTBa BOJIOKHA «3aKOBaTay 3HAYMTENLHO YIIyUIIMINCH [0 CPABHEHHIO C KOHTPOJILHBIMUA T€HOTHUIIAMHU.

Abstract

Gene pyramiding is the pyramiding of several genes into one genotype that controls many characteristics,
such as fiber quality characteristics. Modern technology of molecular genetics and genomics "gene pyramid” is
one of the main strategies in the creation of new, improved varieties.

This paper describes the results of statistical analysis of fiber quality traits of cotton cultivar “Zakovat”. New
cotton cultivar “Zakovat” derived through gene pyramiding technology using BNL1604, BNL3545 and NAU 2277
DNA markers that associated with microneire, fiber length, fiber strength and fiber elongation. The results of
experiments showed that the fiber quality traits of “Zakovat” were significantly improved than control genotypes.

KiroueBas ciioBa: xyon4atHuk, ret, JJHK mapkepsl, 1okyc, ayuiens, nHpaMUAUPOBAaHUS TEHOB, TapaMeTPHI

Kady€CTBa BOJIOKHA.

Keywords: cotton, DNA markers, locus, allele, gene pyramiding, fiber quality traits.

Beenenne. JloxkazaHa BO3MOXKHOCTb IPUMEHEHUS
MOJIEKYJISIPHBIX MapKepOB B MUPAMUAUPOBAHUU T'€HOB,
Y JI0 CUX IOP TOCTUTHYTHI OUE€BUIHBIE YCIIEXH B CEJIEK-
LIMA CEJIbCKOXO3SIMCTBEHHBIX KyIbTyp. Kpome Toro,
JUIsl MapKep acCOLMHUPOBAHHOE CEJEKLUU MOXHO HC-
moJsib30BatTh paznnaHbie QTL mnmn MonexkyspHbie Map-
KEphbl, TECHO CBA3AHHBIE C YPOXKAIMHOCTBIO, KAUECTBOM
nnu ycronuusoctsio. JJHK Mapkepsl, cBsI3aHHBIE C HH-
TepEeCYIOIUMHU 00JIaCTSIMH I'€HOMA, TTO3BOJISIIOT CEJeK-
UOHepa 0TOOpa HHANBHIOB HA OCHOBE TEHOTHUIIA, a HE
(eHoTHNa. DTO OYEHB MOJIE3HO, €CIN MHTEPECYIOMNI
NPU3HAK CIOXCH W TpeOyeT MHOTO BPEMEHH JIIs
OLICHKH, KaK 3TO IIPOUCXOJUT CO BCEMU KOJIUYECTBEH-
HBIMH [TPU3HAKAMHU.

Co3maHne HOBOTO COpPTa C MCIIONB30BAHNEM Tpa-
JTUIMOHHBIX METOJIOB CEIEKINU TPeOyeT MHOTO TsKe-
Joii paboThl U JuHTeapHOE Bpems [1,2]. B wacTHOCTH,

co3llaHue OOJBIIUX HOMYJISAIHA, YBEIHYCHUE THOPH-
noB 1o mokosnenus F9, F10, cmoxxHocTh 0TOOpA, BiIUs-
HUE BHEUTHEW Cpellbl Ha MOSIBIICHIE MIPH3HAKA, B 00JIb-
IIUHCTBE CJIy4aeB HEOOXOJAMMOCTh JOXKAATHCS 3aBEp-
IIAKOIIeH CTaJNA OHTOT€HE3a PACTeHUN AJist 0TOOpa 1o
TIPU3HAKA U CIIOKHOCTh 00BETMHEHNS TEHOB B OJTUH Te-
Hotum [3,4].

OrneHKka TeHETHYECKUX PECYpPCOB C HCIIOJIb30Ba-
HHEM HOBBIX MOJIEKYJIIPHO-T€HETUYECKUX TEXHOJIOT Ui
3HAUUTENIBHO COKpallaeT BpeMsi Ha CO3JIaHUE IeHOTH-
OB C JK€JIaeMbIM MIPU3HAKOM, YTO MO3BOJISIET HCIIOJIb-
30BaTh UX B CENICKIIUOHHOU padote [5]. OqHUM U3 Bax-
HbIX HanpaBiaeHniit MAC-TeXHOJIOTUH SIBIISIETCS TEXHO-
JIOTHSI TUPAaMUANPOBaHUsI TeHOB [6]. C MOMOIIBIO 3TOH
TEXHOJIOTUH TIPETYCMOTpPEHa CTPATErus OTHOBPEMEH-
HOTO OOBEIMHEHUS] HECKOJBKUX LEHHBIX T'€HOB B Te-
HOME JTI000T0 copTa M CO3MaHUS HOBBIX, YIYUIICHHBIX
coptos [7,8].
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[TupamuanpoBaHne TEHOB MHTPOTPECCHH He-
CKOJIBKO TTOJIC3HBIX T€HOB B PA3IMYHBIX PECYpPCax I'eH-
MOIUIa3Mbl B OJIMH T'€HOM C HCIIOJIb30BAaHUEM OObBIU-
HOTO METO/1a CKPELIMBaHMsI, 0EKKPOCC CKPEIMBAHUS U
CJIOKHBIH T'MOPUAHBIA METOJ, a 3aTeM WHIUBHIYallb-
HBII1 0TOOP PAaCTEHUs C TAPTETHUM T'€HaMU C UCTIOJB30-
BaHHEM MOJICKYJISIPHBIX MapKepOB CPElU CETperupo-
BaHHBIX monyssiumid [9]. Taxke HeoOXoauMO MOAOU-
paTh pacTeHUS ¢ OTVIMYHBIMH NPU3HAKAMH.

MATEPHAJIBI U METO/IbI

I'eneruyeckuii marepuail. lcxonHeiM MaTepua-
JIOM JUTSl CKPEINUBAHNUS B KA4ECTBE JOHOPOB OBIIIM BBI-
Opansl aBe pasHOBHUAHOCTH. OTO JmHUI C-419, KOTO-
past UMeeT B TéHOMe MapKepHbIH JIOKyC, OTBEUarOIUi
3a JVIMHY U MHUKpPOHEHpP BOJIOKHA, U BTOPOH JOHOp -
Saenr Pena85, c¢ wunentudunmpoBannsiMm  QTL-
JIOKYCOM, OIPEENSIONIUM 3IOHIalluIo BOJIOKHA. B Ka-
4eCTBE TCHOTHIIA-PEIMITACHTA ObLI BEIOPaH KOMMeEpYe-
ckuii copt Aunuxan-35 [13]. Ha nepBom sTane uccie-
JIOBAaHWH OBLTH TIOJIyYEHBI NTPOCTHIE THOPHUIBI B JIBYX
KOMOWHANMAX CKpemuBanus: (AHmmkan-35 x Saenr
Pena85) u (Oxkypran-2 x C-419). Ha crmenyromem
3Tarle 3TU MPOCThIE THOPHUIIBI OBUIM CKPEIIEHBI JPYT C
JPYTOM IS TIOJTyYEHUSI TIEPBOTO TIOKOJIEHUSI CII0XKHOTO
rubpuna [(Armgmkan-35 x Saenr Pena85) x (Okkypras-
2 x C-419)]. W, HakoHel, C IENIbI0 3aKperuieHUs
OCTaNbHBIX IPU3HAKOB COpTa AHAMKAH-35 U AIUMHHA-
I[UM HEHYXXHBIX, KpOME KauecTBa BOJIOKHA, IIPU3HAKOB
JTOHOPOB OBLTO MPOBEICHO OEKKPOCC CKPEIIUBAHKE 10-
JIy4EHHBIX cJI0XHBIX TOpuaoB (F1) ¢ pactennem — pe-
munueHToM AHmkaH-35. Takum oOpaszom, ObUTH TIO-
nmy4deHbl reHoTHIb BCaF).

IHoneBoii 3xciepument. CeMeHa HOBOTO copra
3akoBaT U UX 4 poauTeneidl OBUIM MOCESHBI B TIOJE B
TpeX MOBTOPHOCTIX PaHJOMH3MPOBAHHOTO AW3aiiHa B
teueHue ampens 2020 r. Kaxxaas moBTOpHOCTH ObLIa
MocakeHa B OJMH PsA, COCTOAMMN M3 15 pacTeHui,
PAacIIoNIOKEHHBIX Ha pacCTOSIHUN 25 cM BHYTpH 1 90 cM
Mexay pagamu. OT moceBa 10 cbopa ypoxkas cobro-
JTAJINCh BCE PEKOMEH/I0BaHHbIE arpOHOMUYECKUE MIPH-
€MBI ¥ METO/IBI 3aIIUTHl PAaCTCHHUH.

JAHK-mapkepsl. [Io npoBeneHus: TOCIEAYONTUX
OGEKKpPOCCHOTO CKpEIIMBaHUSI THOPUABI MEpBOro Oek-
kpocc (BCi) moxoneHuss ObUIM aHaNH3MPOBAHBI Ha
OpeaMeT TapreTHoro npusHaka uepes II[P-ananus c
nomo1sto JIHK mapkepoB NAU2277, BNL1604, acco-
LIUHPOBAHHOTO ¢ MUKPOHEUP, [UIMHON U NMPOYHOCTHIO
BOJIOKHa, a Takke BNL3650, accouuumpoBaHHOTO ¢
anoHranuei BojgokHa [10,11].

Boigenenne renomuoii JIHK. Brimenenue re-
nomuoi JIHK w3 nucTheB KaXgoro pacTeHus mpoBoO-
mumn CTAB MeTosoM ¢ He3HAUNTEIBHBIMH MOJIU(H-
kausmu [12].

P n renorunuposanue. /[Ji1 reHOTUNNPOBA-
HUS UCTIOJIB30BANIM TaHEJIb MUKPOCATEIIUTHBIX MapKe-
POB, CO3/IaHHBIX B paMKaX paHee IMPOBEJCHHBIX HcCle-
JIOBaHUI1, Ubsl ACCOLMALNS C ONPEACICHHBIMU IIPU3HA-
KaMH{ KadecTBa BOJIOKHA ObUIa yxe ycTaHoiieHa [ 10,
11]. MukpocaTTeIuTHOE TeHOTHIIHPOBaHUE OBLIO MPO-
BEJICHO B COOTBETCTBUH ¢ MeTonoM Reddy et al., 2001
[13].

AHaJIu3 Ka4eCTBEHHBIX II0Ka3aTelIeil BOJIOKHA.
OreHKa KauecTBa BOJIOKHA MAaTEPUAJIOB UCCIIEIOBAHUS
npoBoamnach Ha obopynoBanuu HVI (High Volume
Instrumentation) B 1eHTpe cepTH(UKALNU KadecTBa
BostokHa “CUDAT”.

CratucTnyeckuid aHanu3. [IMCIIEpCHOHHBIA U
cratucThdeckuit aHanusz  (xoppensiiust  [lupcona,
ANOVA, Two-Sample T-Test) ObLIH BBITOJHEHBI C
ucnons3oBanueM SOFA Bepcun 1.4.5 u NCSS 2003 ¢
LENBbIO U3YUCHUS HACIEACTBEHHOCTH U Pa3BUTHS KOJIH-
YECTBEHHBIX IIPHU3HAKOB.

PE3YJIbTATH

B pe3ynbraTe nccienoBaHui ObLUTH HOTyYCHBI TH-
opunel mokosicaus BCsF; B TOMO3UTOTHOM COCTOSIHUU
no nepeHeceHHblx QTL nokycam. I'mOpuabl mokose-
Hust BC4F, Obli mpoBeieHH caMOOMBUICHHE 10 ITOKO-
nenneM BCiFe. B kadectBe HOBOrO copta OblIa BBI-
Opana rudpuanas munus BCsFs, ynyuimsmas Bce Ko-
JIMYECTBEHHBIC XapaKTEPUCTHKH.

KonnuecTBeHHbIE XapaKTEPUCTHKH HOBOTO COpTa
XJIOIMYaTHUKA ““3aKoBar’, OBUIH MPOaHATU3UPOBAHEI B
nabopaTopuy, Takke Kak JJIMHA BOJIOKHA, Macca KOpo-
6oukn, Macca 1000 ceMsiH 1 BBIXOH BONOKHA. Jlabopa-
TOPHBIN aHAJIN3 ITANEIHHOTO JUIMHBI BOJIOKHA U KOJIH-
YECTBEHHBIX XapaKTEPUCTUK B COOpaHHBIX 00pasiax
XJIOITYAaTHHUKA [TOKA3aJl CIeIyOIee: CPEeTHS ITaIleNb-
HOT'O JUIMHA BOJIOKHA y pelMIiueHTa AHamxaH-35 u
KOHTpoJsHOTO copTra Hamanran-77 coctasnser 34,0 u
32,0 MM, a y “3akoBar”’ TEHOTHUITHI IMEIOT 38 MM COOT-
BeTCTBEHHO. CyIIECTBEHHBIE PA3IN4MA B IITAEIHHOTO
JUIMHA BOJIOKHA MeXAy ‘“3akoBar” M €ro peluIueHT-
HBIM T€HOTHUIIOM AHIDKaH-35 paccMaTpUBaINCh U3-32
MoJIOKHUTENBbHOTO 3 dekra nepeneceHHbIx QTL.

[TonpoOHbIe pe3ynbTaThl Ja00PaTOPHBIX aHAIN30B
coOpaHHBIX 00pa3IOB CEMsH XJIOMYAaTHUKA IPEJICTaB-
JICHBI B TabmuIe 1.

Tabnuna 1
IIpu3Haksbl 3akoBar Anpmxan-35 Hamanran-77
IITanensHOro JyIMHAa BOJOKHA MM. 38.0 34.0 32.0
Macca KOpoOOUKH T. 7.5 6.8 5.5
Macca 1000 cemsiH T. 125 115 108
Bebixo BosiokHa (%) 35.0 36.0 36.0
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Pe3ynbTaThl MOKA3BIBAIOT, HOBHX COPT XJIOIMYAT-
HHKa 3aK0BaT, TOMO3UTOTHBIE 110 000onuM QTL jokycam,
uMeroT anmuHy BojokHa (Len), paBHyro 1,20 mroiimawm,
npouynocts (STR) — 36,0 rc/rekc, snonranmto (Elg) —
7,0% u mukponeiip (MIC) 4,3. V penunueHta-AH-
JUDKaH-35 9TH MOKa3aTesld 3HAYUTENbHO HIDKE: JUTHHA
BosokHa — 1,13 mrofima, mpounocts — 32,0 rc/Tekc,
anoxranust —6,4% mukposneiip (MIC) 4,8.

Craructiueckuii aHanm3 OBUT TIPOBENCH IS
onpenenenus Biusaust QTL Ha yirydnieHHe OCHOBHBIX
[apaMeTpoB KadecTBa BOJIOKHA y copTa 3aKoBaT, Kak
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Kpome Toro, ¢ ncnombp3oBanueM kodpduimenTta
koppemsinpn [TupcoHa ObuTH OMpesesieHbl TeHeTHYe-
CKHE KOPPEISAIMHA OCHOBHBIMHU XapaKTCPUCTUKAMU Ka-
4ecTBa BOJIOKHA 3TOro copra. CoriaacHo pesyibTatamMm
aHalu3a, OTPHUIATCIBHON TCHETUYECKON KOPPEIAIUU
MEXy BCEMH IPU3HAKAMH Ka4yecTBa BOJOKHA y COpTa
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Pucynok 2. Bzaumnas eenemuueckas xoppenayus nokazamenei kayecmaa 6010kHa y copma “3axoeam”. A -
Medrcdy Onunotl eonokua (Len) u npounocmio (Str) (p <0,001, r = 0,3875), b - meawcdy onurnou éoroxua (Len) u
oonopoonocmu (Unf) (p = 0,02, r = 0,2653), C - mescdy onunou éonroxua (Len) u yonunenuem (Elg) (p = 0,001,

r=0,1798), I- naxooumcs medxncoy onunou éonoxna (Len) u eco muxponeip (p <0,001, r = -0,2166).

Takum o6pazom, moOunuzanus HOBBIX QTL-
PETHOHOB M3 JOHOPHBIX JUHUHA B T€HOM PElMITHEeHTa
(ArmmkaH-35) npu «MUpaMUAAPOBAHUK TSHOB)» 3HA-
YUTEIBHO YIIyUIINIa IapaMeTpbl MUKPOHEHp, JUINHBL,
MPOYHOCTH U AJIOHral[MH BOJIOKHA MTOJyYEHHBIX HOBUX
COpT 3aK0BaT, HE 3aTParuBas U HE U3MEHSSA MPHU 3TOM
JpyTue napaMeTpsl kKauecTBa BoJIoKHa. boiee Toro, pe-
3yNbTaThl CTATUCTUYECKOTO aHAIHM3a MOATBEPXKIAIOT
Haimuuue jaoctoBepHoi accouuanuu JIHK-mapkepon
NAU2277, BNL1604 u BNL3545 ¢ TectupoBaHHBIMH
MPHU3HAKaMH BOJOKHA.
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Abstract

In Kazakhstan, in the last 50 years, small lakes have not been given due attention, inventory as well as mon-
itoring of these resources and their water quality have not been carried out. Although it is the small lakes that
provide the rural population with water, they are used for fisheries purposes, waterfowl breeding and public rec-
reation. At the same time, small lakes and their catchments are exposed to active economic activity. Such activities
include the plowing of catchments, the formation of numerous small reservoirs on the rivers which feed the lakes,
the construction of roads and dams without adequate culverts. In many respects, these actions led to the loss of
part of the runoff from the catchment areas, and as a result — to siltation, eutrophication, waterlogging or disap-
pearance of many small lakes. The reduction in the number of small lakes is confirmed by Landsat satellite image
interpretation data for 2021 for the Yesil river Basin. The results of the comparative analysis showed that the
number of small lakes has decreased by 2.5 times over the past 48 years. The question arises — what is the current
state of the remaining small lakes, what are the trends of their further development, especially if we take into
account that the anthropogenic impact is increasing against the background of climate change. In accordance with
the above, the purpose of the research was to test the capabilities of modern remote sensing methods for rapid
assessment of the state of small lakes in Northern Kazakhstan, to determine the degree of their eutrophication. The
research was carried out on the example of two groups of lakes in Northern Kazakhstan: the lakes of the
Shchuchinsk-Borovskaya system and the lakes between the rivers Yesil and Nura. To validate the data obtained
on the basis of remote sensing, sampling for phytoplankton was carried out on the lakes on the same dates. The
Landsat and PlanetScope satellite images were processed using the Normalized Difference Chlorophyll Index
(NDCI). A comparison of the results of the NDCI remote data processing showed that they generally correlate
with the results of the phytoplankton samples. Thus, it is concluded that this method can be used to promptly
update data on small lakes that have water, biological and recreational resources necessary for the social well-
being of the local population. The applied remote sensing methods will allow us to see negative trends in advance
and apply measures for the conservation and sustainable use of lakes. At the same time, it should be noted that
selective validation of the results of remote sensing processing by field and laboratory studies is necessary.

Keywords: small lakes, eutrophication, phytoplankton, remote sensing, NDCI, BRG, BBGR indices.

Introduction. The results of remote sensing data
processing on the territory of Kazakhstan in recent
years show a significant reduction in the number and
areas of small lakes [20]. For example, in 1973 the
number of small lakes was 48262, of which 90% were
lakes with an area of up to 1 km? [22]. 3688 lakes from
the total had an area of 1-5 km?, whereas 770 lakes had
an area of 5-10 km? [29]. The analysis of Landsat-8 im-
ages for 2021 showed that the number of lakes with an
area of 1-5 km? decreased to 1492, whereas the lakes
with an area of 5-10 km? decreased to 302. So, over the
past 48 years, there has been a reduction in the number
of lakes by 2.5 times. The reasons for the reduction of
small lakes are associated with both climate change and

anthropogenic impact. Economic activities in the form
of reservoir construction on rivers flowing into lakes,
plowing of lake catchments and construction of roads
have led to a reduction in runoff, decrease in water con-
tent, loss of biological diversity and eutrophication of
lakes.

Field and laboratory studies have proved that in-
formation on the concentration of photosynthetically
active phytoplankton pigment "Chl a" (hereinafter" Chl
a"), which is a generally accepted indicator of phyto-
plankton biomass in water bodies, serves as the main
indicator of water bodies’ eutrophication and water
quality [29,1,11,31]. In recent years, specialized meth-
ods of satellite image processing have been used to
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quantify "Chl a", which can quickly determine and
monitor the state of water bodies [33].

In accordance with the above, the purpose of this
research was to test the capabilities of modern remote
sensing methods for rapid assessment of the state of
small lakes in Kazakhstan, for the determination of
their eutrophication degree. The research was carried
out at two groups of lakes in Northern Kazakhstan:
lakes of the Shchuchinsk-Borovskaya system located at
latitude 53° 01.242' and the lakes between the Yesil and
Nura rivers located at latitude 50° 59.434'N. In order to
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Figure 1. The location of the studied lake groups: 1 — Shchuchinsk-Borovskaya lake system
(a - Lake Burabay, b - Lake Katarkol); 2 -

Source: adapted by the author based on [6]

The climate of the study area is continental, with
hot summers and severe winters with little snow, which
is softened within low mountain ranges with island for-
ests. The soil-vegetation layer obeys latitudinal zonal-
ity (steppe and dry steppe zones), which is modified
within the low mountain islands. According to the nat-
ural zoning, the territory of the national park belongs to

confirm and correct the data obtained from remote
sensing, samples for phytoplankton were taken during
fieldworks, in addition, data from bathymetric surveys
of lakes were used.

Materials and methods. The fresh lakes of the
Shchuchinsk-Borovskaya system (Burabay, Katarkol),
which are located in the national natural park "Bura-
bay" within the island low-mountain massif, were stud-
ied. Lakes Maybalyk and Taldykol are located in the
flat part of the interfluve of the Yesil-Nura rivers near
the city of Nur-Sultan (Fig. 1).

Lake Maybalyk (c) and Lake Taldykol (d).

the upland island steppe pine forests. Ordinary cherno-
zems of low mountain massifs are replaced to the south
on the plains by chestnut calcareous soils. The lakes are
fresh and brackish. The area characteristics of the lakes
were studied on the basis of field studies and remote
sensing data (Table 1).

Table 1
Avreal characteristics of lakes (2020
Lakes Burabay Katarkol Maybalyk Taldykol
Avrea, thousand sq. m 9,9 4,3 25,94 11,51

Source: adapted by the author based on [3]

The river network in the northern part of the stud-
ied area is represented by small rivers and streams flow-
ing into lakes. In the south — a section of the interfluve
of the Yesil and Nura rivers the recharge of lakes and
rivers is approximately similar, with a predominance
(up to 80%) of snow.

To analyze the concentration of chlorophyll "a"
and assess the turbidity of lakes, satellite images from
Landsat-8 for 14.07.2019 and PlanetScope for

02.08.2019 were used [6, 26]. The images of both sat-
ellites are uploaded to the UTM projection with the
WGS 84 coordinate system, cloud cover is up to 10%.
In order to study the concentration of "Chl a", spectral
channels of the visible, near-infrared and short-wave
infrared bands were used (Table 2). The remote sensing
image date was selected as close as possible to the date
of lake field surveys with phytoplankton sampling.

Table 2
Characteristics of spectral bands
Satellite Spectral bands, nm Resolution,
name Blue Green Red NIR meters
Landsat-8 Band 2 - 0.452- | Band 3-0.533- | Band 4 -0.636- | Band5-0.851- 30
0.512 0.590 0.673 0.879 (Bands 1-10)
PlanetScope Band 1-0.464- | Band 2-0.547- | Band 3-0.650- | Band 4 - 0.846- 3,7
0.517 0.585 0.682 0.888 (Bands 1-4)

Source: adapted by the author based on [6, 26]
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Hydrobiological survey with sampling for phyto-
plankton and water quality was carried out on lakes Bu-
rabay and Katarkol from 29.07 till 2.08.2019. In total,
5-12 samples were taken from each of the lakes from
the surface layers, which were fixed with a 40% forma-
lin solution. For the processing of phytoplankton sam-
ples, a sedimentary method with a final volume of a
concentrated sample of 5-10 ml was used. The number
of plant cells was counted in the Goryaev chamber with
subsequent recalculation per 1 m3, keys for the corre-
sponding departments were used for species identifica-
tion [4,7-10,13-15,18,19,23,27,35]. The biomass of
phytoplankton was determined by summing up the bi-
omasses of individual species, for which average values
of the cell mass were preliminarily established. For the
group of steppe plain lakes (Maybalyk and Taldykol),
water samples were taken by the Apstein plankton net
in the field period of 2010. To assess the saprobity of
water, the method of indicator organisms was used,
which was developed by R. Pantle and G. Bukka and
modified by V. Sladechek [2,32]. To assess the water
quality of the lakes, quarterly long-term data from the
bulletins of the Republican State Enterprise "Kazhy-
dromet” [12] and monitoring data (temperature, salin-
ity, salinity, pH) from the State National Nature Park
"Burabay" for 2019-2020 [26] were used. The morpho-
metric data of the lakes have been updated based on hy-
drological field observation methods and geoinfor-
mation methods for processing PlanetScope satellite
images and aerial photographs from a DJI Phantom 4
quadcopter. The bathymetry of the lakes was studied in
the summer and autumn of 2019 using the Lowrance
Elite 9 TI echo sounder and the compilation of bathy-
metric maps.

Methods for processing and analyzing remote
sensing data are based on the registration of the bright-
ness of the scattered and reflected radiation from the
water surface by satellite radiometers, which is associ-
ated with the presence of an optically active component
of phytoplankton - "Chl a" in the water [5,30]. All phy-
toplankton species contain the green pigment "Chl a",
which is an important indicator for assessing phyto-
plankton biomass and water body productivity. The
bio-optical models estimate "Chl a" in three directions:
phytoplankton absorption, fluorescence, and backscat-
tering [25]. To estimate the concentration of chloro-

phyll "a", the Normalized Difference Chlorophyll In-
dex (NDCI) was applied. Calculated by the formula;
(NIR-RED)/(NIR+RED) [17]. According to Ogasha-
wara et al. [21] high probability of a strong cyanobac-
terial bloom occurs when the index scores exceed a fac-
tor of 0.15 and when the "Chl a" concentration exceeds
50 pg/l. Moderate flowering is characterized in the
range from - 0.05 to 0.15 and "Chl a" concentration
from 5 to 10 ug/l. In addition, the strong bloom is char-
acterized by a positive slope between the red (665 nm)
and NIR bands (865 nm) due to the high absorption of
"Chl a" in the red region of the spectrum and the high
scattering of algal cells in the NIR region. The equation
is almost neutral for moderate flowering conditions due
to the average uptake of "Chl a" and average dispersion
of algal cells [21].

The turbidity index BBGR (suspension in water)
is calculated based on the analysis of remote sensing
data using the following equation: BLUE/(BLUE +
GREEN + RED). To check the turbidity index values
for 26.07-03.08.2019, water samples were taken from
the lakes for the presence of suspended solids [16].

The processing of satellite images by indices was
carried out in the ENVI program using the Band Math
tool. The average index scores were calculated using
the Spatial Analyst (zonal statistics) toolkit of ArcGIS
10.6. The Spatial Analyst toolkit was used to obtain the
contours.

Results. When processing Landsat-8 and Plan-
etScope images according to the NDCI index for the
lakes of the Shchuchinsk-Borovskaya group with adja-
cent territories, the concentration of "Chl a" had nega-
tive values, the difference in average values did not ex-
ceed 0.14 units. According to the NDCI index, Lake
Katarkol was characterized by average, and Lake Bura-
bay by high values of "Chl a"concentration index.

In addition, the images were processed using the
NDCI and BRG indices for the surface area of each
lake. Figure 3 shows the processing results for lakes
Burabay and Katarkol. Analysis of the maximum val-
ues of "Chl a" by the NDCI index from the PlanetScope
image shows that a strong bloom of cyanobacteria oc-
curs in some parts of Lake Katarkol (0.656), where the
index values exceed 0.15 (Table 2). It should also be
noted that the maximum values of the NDCI index from
Landsat-8 images are 40-50% lower than the values
calculated from the PlanetScope images.
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Figure 3. Concentration of "Chl a" in lakes Burabay and Katarkol according to the NDCI and BRG indices, the
level of turbidity according to the BBGR index

The values of the NDCI index for lakes Burabay (-
0.04) and Katarkol (-0.041), calculated from the Land-
sat-8 image, are closest to the lower limit of the bloom
class of temperate cyanobacteria from -0.05 to 0.15

[21]. Quantitative indicators for Landsat and Plan-
etScope images for “Chl a” concentration by NDCI and
BRG indices are presented in Table 3.

Table 3

“Chl a” concentration values according to NDCI and BRG indices based on Landsat-8 and PlanetScope images.

Lakes PlanetScope Landsat
by NDCI index min. avg. max. min. avg. max.
Burabay -0.135 -0.107 -0.047 0.078 -0,039 0.240
Katarkol -0.265 -0.101 0.656 -0.063 -0,041 0.390
by BRG index min. avg. max. min. avg. max.
Burabay -0.031 0.471 0.548 -0.035 0.246 0.277
Katarkol 0.147 0.870 1.033 -1.003 0.241 0.278

Maps of the integral amount of suspended sub-
stances not only reveal blooming sites, but can also be
used to accurately determine algal biomass. The highest
value of the turbidity index (0.478) is typical for Lake
Katarkol, which may be caused by the presence of
finely dispersed inorganic compounds, organic impuri-
ties or living organisms. The water turbidity index in-
creases in the zones of biogenic impact (recreation ar-
eas, settlements, livestock watering).

The analysis of PlanetScope images for lowland
lakes Maybalyk and Taldykol was carried out with the
calculation of the NDCI, BRG and BBGR indices (Fig.

Lake Taldykol

%

BRG Index NDCI Index BBGR Index

BRG Index

4). The values of the "Chl a" concentration according
to the NDCI index for both lakes are practically similar;
for Taldykol the values range from -0.364 to a maxi-
mum value of 0.373, for Lake Maybalik in the range -
0.348-0.297, respectively. According to the BRG in-
dex, the values for Lake Taldykol are higher (0-1.532)
than values for Lake Maybalyk (0-1.283). According to
the BBGR index, practically both lakes have similar
values; the spread of the average and maximum values
is only 0.098. For Lake Taldykol, turbidity values vary
from 0.333 to 0.574, for Lake Maybalyk from 0.303 to
0.542.

Lake Maybalyk

NDCI Index BBGR Index

Figure 4. Concentration of "Chl a" in Lake Taldykol and Lake Maybalyk according to the NDCI, BRG and
BBGR indices according to the PlanetScope image
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The spatial distribution of "Chl a" concentration
over Lake Taldykol is associated with the complete em-
bankment and reclamation of its shores. In the case of
Lake Maybalyk an increase in the concentration of "Chl
a" in the shallow eastern part and the places of conflu-
ence of temporary streams is clearly seen.

Phytoplankton of Lake Burabay is characterized
by the highest species diversity (73 species), 49 phyto-
plankton species were found in Lake Katarkol. Quanti-
tative indicators of phytoplankton communities of lakes
differ significantly. The largest number of microalgae

Biomass of phytoplankton communities

[ —

(a) (b)

was recorded in Lake Burabay (3082.3 min.kl/m3). At
the same time, blue-green algae form the basis of the
abundance on lakes Burabay and Katarkol. Phytoplank-
ton biomass is at a relatively low level, with maximum
values in Lake Burabay. In Lake Burabay, the biomass
of diatom algae predominates.

An analysis of the spatial distribution of the bio-
mass of phytoplankton communities and cyanobacteria
over lakes, based on the analysis of laboratory data,
generally shows their relationship with the anthropo-
genic development of lakes (Fig. 6).

Cyanobacterial biomass

@ (b)

Figure 6. Distribution of biomass of communities of phytoplankton and cyanobacteria in lakes Burabay (a),
Katarkol (b), summer 2019

Source: adapted by the author based on [9]

In Lake Burabay, the maximum biomass accumu-
lation of diatom, myozoa and green algae was recorded
in the northwestern part, in the zone of increased recre-
ational load and the influence of the Burabay village. In
Lake Katarkol, accumulations of algal biomass are con-
fined to the zone of influence of sanatoriums and the
village Katarkol [3].

In the samples from the lakes of the lowland
group, green and diatom algae predominate. The great-
est species diversity is noted in Lake Maybalyk, where
83 species of algae have been identified, of which 35
are diatoms, 33 are green, 15 are cyanobacteria. The
coastal part of the lake is the richest in species. There
are fewer species in the central part of the lake, but
green algae predominate. In Lake Taldykol, 65 species
of algae and cyanobacteria have been identified, includ-
ing: 17 species of diatoms, 31 species of green, 1 spe-
cies of chara algae and 16 species of cyanobacteria.

Based on the study of the species composition,
quantitative data of algae and cyanobacteria, a saprobi-
ological analysis of water bodies was carried out. In
Lake Maybalyk, 37 indicator species with saprobity
classes from a-mesosaprobic to -0 saprobic were
found. The average value of the saprobity index in Lake
Maybalik is 1.97. This means that the water of Lake
Maybalyk within the surveyed water area belongs to the
[-mesosaprobic zone. Accordingly, the water quality
class is Ill, that is, moderately polluted. There are 31
indicator species of algae in Lake Taldykol, with a wide
range of saprobic zones. In Lake Taldykol, species of

the B-mesosaprobic zone prevail. Species of the oli-
gosaprobic zone are sporadically represented. The sap-
robity index in the lake is 1.98, corresponding to the
characteristics of moderately polluted water body.

Discussion. The rationale for the use of multispec-
tral RED and NIR channels is given in the article by
Pirasteh et. al [25], which describes two methods for
extracting the "Chl a" index, based on the fluorescence
line height (FLH) and the maximum chlorophyll index
(MCI), based on the use of Sentinel-3 and Sentinel-2.
The "Chl a" content is proportional to the fluorescence
emission induced by the sun. Many researchers have
begun to explore the possibility of using it to determine
the concentration of "Chl a" in coastal waters. In China,
to study the level of eutrophication of Lake Donggu, the
complex trophic level index (TLI) was used [34]. Ac-
cording to this indicator, the authors assessed the devel-
opment of lake eutrophication over a long period
(1987-2018) and predicted the further trend of this pro-
cess. The results obtained can form the basis for
measures to improve water quality and control the eu-
trophication of lakes. The TLI is calculated based on
the content of four components that affect water qual-
ity: total nitrogen, total phosphorus, water purity and
"Chl a" [24].

In our research, we used the "Chl a" index as a ba-
sis for determining the level of eutrophication. How-
ever, we were not able to assess the long-term dynamics
of changes in the "Chl a" values due to the lack of long-
term field data.
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Figure 7. Analysis of the dependence of phytoplankton development on the natural and anthropogenic conditions
of Burabay and Katarkol lakes

Source: adapted by the author based on [3]

The lakes of the Shchuchinsk-Borovskaya group,
located within the national park, experience a large res-
idential and recreational load, due to settlements lo-
cated on the coast, sanatoriums, as well as the year-
round operation of a resort center of republican signifi-
cance.

Lake Taldykol, which until 2018 was a storage
lake for the treated wastewater from the city, and Lake
Maybalyk, which is a water body for discharge of flood
waters during emergency, are both located in the imme-
diate vicinity of the city of Nur-Sultan and they are ex-
periencing a great anthropogenic impact.

In the course of processing Landsat-8 and Plan-
etScope images, it became clear that the PlanetScope
images (3 m resolution) can be used to calculate indi-
cators both for the lake water area and for the entire im-
age with adjacent territories. The high resolution of
PlanetScope images makes it possible to determine in
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more detail the reflective properties of various objects,
including the chlorophyll content in the phytoplankton
biomass. When processing Landsat images (resolution
30 m), values were obtained that are more similar to the
values of field studies, when processing only the water
areas of the lakes. This is indicated in the publications
of other researchers [16,30].

To confirm the data obtained by remote sensing
methods, the results of field and laboratory studies were
used and their correlation estimated. The phytoplank-
ton biomass values from field data and data from Plan-
etScope image processing were the closest (Fig. 8). Ac-
cording to the results of BRG index, and to a lesser ex-
tent by the NDCI index, PlanetScope images show
similar values of phytoplankton biomass in lakes. Less
accurate data were obtained when processing Landsat
images, there was a minimal difference between the
phytoplankton biomass of different lakes.

BRG

Burabay Ulken Kishi Katarkol
Shabakty Shabakty

=== Biomass of phytoplankton communities according to field data
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Figure 8. Graphs of the correlation of data on the content of "Chl a" in lakes SHBSL by NDCI (a), BRG (b)
indices and field studies in 2019

Source: adapted by the author based on [3]
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According to the results of field studies, the bio-
mass of phytoplankton communities did not exceed 50
ug/l (50 million cells/m® = 50 pg/l). Also, the obtained
values of "Chl a" by the NDCI index do not exceed the
coefficient 0.15. It follows from this that at the time of
the study, moderate flowering was observed on the
lakes of Shchuchinsko-Borovskaya lake system. Anal-
ysis of the results of satellite images processing with
the NDCI and BRG indices showed that the obtained
values generally correlate with the results of field stud-
ies. According to Figure 8, there is a correlation be-
tween field data and remote sensing data in the relative
difference in "Chl a" content in the lakes.

Conclusion. Widely available remote sensing data
significantly expand the possibilities of their applica-
tion both for quantitative assessment of morphometric
indicators of small lakes, as well as for studying the
processes of their eutrophication. Due to the fact that
phytoplankton is one of the most sensitive elements that
quickly respond to changes in the aquatic environment,
including the processes of eutrophication, the study
used remote sensing methods to determine the spatial
and quantitative parameters of phytoplankton develop-
ment. In the course of the research, the applicability of
the NDCI and BRG indices to determine the "Chl a"
concentration for assessing the eutrophication of lakes
in Northern Kazakhstan was evaluated.

The processing of PlanetScope satellite images
(resolution 3.0 m) showed that high resolution allows
more detailed determination of the reflective properties
of various objects, including the chlorophyll content in
biomass. Processing of Landsat images (resolution 30
m) for the water area of the lakes showed more objec-
tive values close to field data, which is confirmed by
the data of other researchers [16,30]. Comparison of the
Chl a content in lakes by remote sensing methods, field
and laboratory studies showed that the phytoplankton
biomass values from field data and PlanetScope image
processing data are the most correlated.

The results of the study show that satellite images
can be used to assess the ecological state of the lakes of
Northern Kazakhstan. At the same time, it should be
noted that it is desirable to increase the number of field
measurements, especially in those water bodies where
increased bloom is observed on satellite images. It is
also planned to study the possibilities of using radar im-
ages to determine the quantitative parameters of the
phytoplankton biomass of water bodies. The research
results can be used as one of the regional algorithms
that can be applied to assess the qualitative state of
small lakes in forest-steppe and steppe territories.

Financing. This study was carried out within the
framework of the state order of the Science Committee
of the Ministry of Education and Science of the Repub-
lic of Kazakhstan for the project "Assessment of sur-
face water resources and their use at the Nura-Yesil in-
terfluve using geoinformation technologies for agricul-
tural territories’ sustainable development” (IRN
AP08856733) and the program "Complex ecosystem
assessment of Shchuchinsk-Borovoye resort area
through the environmental pressure evaluation for the
purposes of sustainable use of recreational potential”
(IRN BR05236529).
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B craThe mpuBOATCS pe3yibTaThl H3YUESHUS BIMSHUS yPOBHEH MUHEPAILHOTO MUTAHUS Ha IPOAYKTUBHOCTh
Pa3IUYHBIX COPTOB pUCa B YCIOBHAX 3amaaHoN 30H6I KpacHomapckoro kpasi.

Abstract

The article presents the results of studying the influence of mineral nutrition levels on the productivity of
various rice varieties in the conditions of the western zone of the Krasnodar Territory.

KiroueBble cjioBa: puc, COPT, MEHEPAJIbHBIC yIOOPEHNUS, CTPYKTYpa YpoKasi, YporKalHOCTb.

Keywords: rice, variety, mineral fertilizers, crop structure, yield.

Poccus Bxomut B 20 cTpaH — SKCIOPTEPOB prca. B
HacToslee BpeMs B PO moceBHas Iulomags COCTaB-
nsiet 190 Teic. Ta, Ha Ky6anu — 118,2 ThIc. Tra. COOpHI
pHca yBEeIMYMBAIOTCSA HE 3a CUET IUIOIIAAeH 1MoceBa, a
3a CcyeT MOBBIIEHHUS YypoxKaHOCTH, KoTopas B 1990
roay B Poccum cocrammsuia 32,1 1/ra, B mocieaHue
roJBl ypoxkaiiHocTh Ha KyOanu coctaBmser 65—70 mw/ra
u 6onee [5, 9, 10].

[ToBeIcuTb 3¢ HheKTHBHOCTH MTPOM3BOACTBA 000
KyJIbTYpBI, B TOM YHCIIE U PUCA, BO3MOKHO TOJILKO CO-
BEPIICHCTBOBAHNEM JJIEMEHTOB W MPUEMOB TEXHOJIO-
run (peryjiupoBaHWEM MOYBEHHOTO MUTAaHHS pacTe-
HHIA) ¥ OBICTPBIM BHEJPEHHEM B IIPOU3BOJICTBO HOBBIX
copToB. Bo3zensiBaHnEe HOBBIX COPTOB TpeOyeT yToU-
HEHUSI ¥ pa3pabOTKU JJIEMEHTOB UX arpOTEXHUKH, K KO-
TOPBIM OTHOCSITCS M YJOOpEHUS, HPUMEHHUTEIBHO K
ycnoBusiM KpacHomapcekoro kpas [1, 2, 6.12].

Llenbro paboTHI SABISIIOCH N3yUYEHUE BIMSHUS pa3-
JMYHBIX JI03 MUHEPAIBHBIX YIOOPEHHUH Ha CTPYKTYpy
yposast M ypoxaHOCTb COPTOB puca.

HccnenoBanust IpoOBOIMINCE B YCIOBHAX 3amaj-
HOH 30HBI KpacHonmapckoro kpast. [loroansie ycnoBus
B TOJl NPOBEJCHUS ONbITa OBUIM YIOBJICTBOPHUTEINb-
HeIMH. CxeMa ombITa BKItoYana: (hakrop A - ymoope-
Hus, paktop B — copra puca.

O6mas mnomans Aeasaku (7,2 x 30) = 216 M2,

yuerHas 100 M2, TIoBTOpHOCTB TpeXKpaTHas. Pasmelne-
HHE JCJISHOK PeHJOMH3HPOBAaHHOE, METOJIOM pacIerl-
JICHHBIX JCJISTHOK. MI/IHepaJ'II)HI)Ie y}IO6peHI/IH BHOCHJIIN
COTJIACHO CXEeMbI OmbITa. Bce yueTbl M HaOmoaeHus
HPOBOJIIINCH 110 OOLICTIPUHATEIM MeTOAUKaM [15].
OCHOBHBIMH 3JIEMEHTaMH CTPYKTYPBI ypoxas
pacTeHuil puca SBISIOTCS KOJIMYECTBO PACTEHWH WIIN
MIPOJyKTUBHBIX CTEOJIeH Ha eUHUIIE TUIOMAaN U Tpo-
JQYKTHBHOCTh MeTeNKH. OJHHM M3 CaMbIX OCHOBHBIX
TIOKazaTesied 3JIEMEHTOB CTPYKTYpPBI ypoxKasi prca siB-
JISIeTCSl POJYKTUBHOCTh METEJIKH, KOTOpas XapakTe-
pHU3yeTcsl KOJMYECTBOM BBINOJIHEHHBIX 3€peH B HEM,
Maccoil oTAensHOM 3epHOBKY itk Maccoit 1000 3epeH.
KonnuecTBeHHBIE BETUYHHBI 3THX IIPU3HAKOB 3aBUCAT
OT COPTOBBIX OCOOEHHOCTEH M YCIOBHUII arpOTEXHUKH.
B npoayKTMBHOCTH METEIKU COPTOBBIE PA3IUYUs MO-
TYT OBITh OYEHb CYNIECTBEHHBIMH, YTO OOYCIIaBIHMBa-
eTcsl BHEepruel KyIeHNs paCTeHHUH, pearn3annei reue-
THYECKOIl MporpaMMsbl OTpakaroleil nuTerpanuio ¢o-
TOCHHTE3a M POCTa Ha YPOBHE LIEJIOTO OpraHu3Ma.
Copta, KoTOpble MMEIOT OoJiee HPOJYKTHBHYIO Me-
TEJKY, CIIOCOOHBI yCHIINBATh MIPUTOK ACCUMIIISTOB 110
OpraHaM pacTeHHUs] K 30HaM pocTa CTeOJIst U METEIIKH.
DTO MPUBOIUT K (POPMHUPOBAHUIO OPTaHOB IIOJIOHO-
mreHust 0ombIel Macchl. IHTEHCHBHOCTD KYILECHHS SIB-
JSIETCsl ONPEAEISIOmMM (pakToOpoM B XapakTepe pac-
TIpeAeIeHNs 00Pa3yIOIUXCs ACCHMUIIATOB II0 OpraHam
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pactenus. PasBuBaroniuecsi OOKOBbIE IMOOETH SIBIISI-
FOTCSI HanOOJIee MOIIHBIM aKIETOPOM ILIACTHYECKHUX
BEIIIECTB MATEPUHCKUX OOETOB. ITH OOKOBBIC TOOCTH
3aTCHSIOT IVIABHBIC MATEPHHCKUC MTOOCTH, YMEHBINAS Y
HUX MHTCHCUBHOCTH (DOTOCHHTE3A.

[IpoAyKTUBHOCTh METEJKH TaK XE 3aBHUCHT OT
JUTUTEIIGHOCTH BTOPO# TMOJIOBUHBI (Da3bl KYIICHUS, U

MIOATOMY MIMEETCS BO3MOXKHOCTh YIPABIATH AJIHTEIIb-
HOCTBIO (POPMHUPOBAHUS KOHyca Hapactanus [10].
DJIEMEHTBI CTPYKTYPbI YPOsKast MOKHO (OpMHUPO-
BaTh (hakTopamu cpeabl. Cpean HUX HanOosee BaXKHas
POJIb MPHUHAUIE)KUT YPOBHIO MHHEPAIBHOTO THUTAHUS
[3, 4, 7]. DneMeHTBl CTPYKTYpBl ypokast y pacTeHHI
Pa3JIMYHBIX COPTOB pPHCa B 3aBUCUMOCTH OT JIO3bI MH-
HEepaJIbHOTO MUTAHMS TIPeJICTaBIeHbI B Tabnuue 1.

Tab6muma 1
DJIEeMEHTHI CTPYKTYPBI YPOsKast y Pa3IMIHBIX COPTOB PHCA B 3aBUCHMOCTH OT 0351 MUHEPAIIBHOTO Y I00PEHHS,
2020 .
Lo KonnuecTBO KOJIOCKOB B METEIIKE, X oy s
§~. ql:,‘) o~ LIT a8 = 0 ?ﬁ I
Lo = . = ) o XL
o O~ Q < ~ S 8 wQ
g5 g g T | 22| E09
Copt | VYnobpenue 5 © = = g £ © ai £ 2
g = ) 5] 9 Q E
o Q QO
5 & E HOJIHBIX ITyCTBIX BCEro % § a § é ‘Q
> g 2 | g ]
= = p= =
NgoPgoKso (k) 445 137 12 149 8,1 1,44 27,3 645
=
S | NizoPaoKseo 498 151 12 163 74 | 139 | 275 | 693
~
N150PgoKeo 506 157 13 170 7,6 1,39 21,7 702
NgoPgoKso 491 124 14 138 10,1 1,39 28,3 702
a
E N120P20Keo 547 130 15 175 10,3 1,39 27,9 759
N7
N150PgoKeo 546 146 16 162 9,9 1,42 28,5 773
S NgoPgoKso 495 129 15 144 10,4 1,41 27,4 698
o
g | NizoPooKeo 532 135 15 149 9,4 1,45 | 281 | 772
=
A | NisoPsoKseo 549 138 14 153 9,8 1,43 | 286 | 783
B HameM orbITe TyCTOTa MPOILYKTHBHOTO CTeble- U COPTOB.

CTOsI 110 BapUaHTaM OIbITa BapbupoBaja oT 445 no 549
mr./™M2. B CpelHEM HE3aBHCHUMO OT JI03bI BHOCHMBIX
ynoOpeHns HauMeHbIIel oHa OblIa y copra Paman —
483 mrt./m?.

V copros Kymup u Buxtopus — 528 u 525 wr./m?
COOTBETCTBEHHO. Pasnuua cocrasuia 45 u 42 wr./m?
i 9,3 u 8,7 %. Y coptoB Kymup u Bukropus rycrora
MPOJYKTUBHOTO cTe0ecTosl Oblla MPAaKTUYECKH OJIU-
HakoBoH. Y copta Kymmup ona yBemnumBanack ot 491
10 546 wt./M?, y Buktopun ot 495 no 549. Poct komu-
YyecTBa NMPOAYKTUBHBIX cTeOuIeii Obl1 00yCI0BIEH BO3-
pacraromieii 1030ii BHOCUMBIX Y100peHHH.

HanOomnplree KOJIMYECTBO TOJHBIX KOJIOCKOB B
KOJIOCE B CpPEJHEM II0 COpTaM HE3aBHCHUMO OT 03Bl
BHOCHMBIX yJOOpeHHuil oTMmedanoch y copra Paman —
148 mt. Y coproB Kymup m Bukropus oHO ObLIO
MeHblle, yeM y copTa Panan Ha 14—15 mTyk nnu Ha
10-11 %.

C BHECeHHEM BO3paCTaIONIECH 1035l MUHEPATBHBIX
y1oOpeHHH KOJIMUECTBO TOJIHBIX KOJIOCKOB B METEJIKE
y copra Paman yBemmuuBanace vHa 10-14 %, y copra
Kymup Ha 5-18 %, a 'y copra Bukropus na 5-7 %.

Macca 3epHa ¢ MeTelIKH m3MeHsack ot 1,39 no
1,45 r. MakcumanbHOM oHa Oblia y copra Bukropus u
B cpenHeM coctaBuia 1,43 r. Pasauma mo mo3am ymo0-
peHuii Obli1a HE3HAYUTEINILHOI M 110 copTaM Kosebanach
ot 1,5 1o 3,6 %. Macca 1000 3epen nameHsiach ot 27,3
710 28,6 T 1 He 3aBUCENIa OT J103bI BHOCUMBIX yJI00peHU

MaxkcuManbHass OHOJOTHYECKash YPOKAMHOCTH
3epHa B cpeHeM Oblja MojlyueHa y copra Bukropus —
751 r/m?. Pasuuua ¢ coproM Panan pasusnace 71 r/m?
win 10,4 %, ¢ coprom Kymup — 7 r/m? umu 1 %.

YBenu4eHue 1036 BHOCUMBIX yIOOpEHU y Bcex
COpPTOB CHOCOOCTBOBAIO POCTY OMOJIOTHYECKOH YpPO-
xaifHocTH. Tak, Mpu BHECEHUH YIOOpEHWA B 03¢
N120Pa0Kso 1 N159PgoKeo Oromorndeckas ypoxxaiiHOCTb
3epHa y copta Panan Beipocia Ha 48 r/m? (7,4 %) v Ha
57 1/M%(8,8 %) B CpaBHEHHH C YPOKAIHOCTEIO IPH J103€
NgoPgoKeo cooTBeTcTBeHHO. Brosornyeckas yposkaii-
HOCTB y copTa KyMup npu yka3aHHBIX 033X YBEJIUYH-
Banack ot 57 1o 71 r/m? (8-10 %), y copra Bukropus
— ot 74 510 85 r/m? (11-12 %).

VYpoxkallHOCTb — 3TO KOJIMYECTBO MPOJAYKLIHU C
€IMHUIIBI 3eMeNbHON momaau. OHa 3aBHCHT OT MHO-
rux ¢akropos [8, 11, 13, 14, 16].

B HamieM ombiTe BIHSHHE 103 MHHEPAJIbHBIX
yOoOpeHNH Ha ypOKallHOCTh COPTOB PHCa NPUBEJCHO
B Tabmmme 2.

W3 naHHBIX TaOIMIBI CIEAYET, YTO YPOXKaAHHOCTD
3epHa puca B HAIlleM OIBITe U3MEHsJIach OT 62,6 1/ra
1o 75,8. Ona 3aBucena OT COpTa U OT BHOCUMBIX 103
MHHEpATLHBIX yao0penuid. Tak, y copra Paman Ha KOH-
TpOJIe YPOKalHOCTh 3epHa cocTaBmia 62,6 n/ra. C BHe-
CCHUEM yZ(O6peHI/II71 B 1m03ax N120PgoKeo 1 N150PgoKeo
OHa JOCTOBEPHO YBEJIMYMBAJIACh COOTBETCTBEHHO Ha
5,2u 5,7 w/ra v Ha 8,3 u 9,1 %.
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Tabanma 2
Ypo:xaliHOCTh COPTOB pHca B 3aBHCHMOCTH OT [103bl MUHEPAJBLHOI0 Y100peHus, 1/ra
Copr Cpennee 10:
((baKT(I;)p A) Jlosa ynoGpenus (daxtop B) BapHaHTaM (daktopy A tdakropy B
NgoPgoKeo (K) 62,6 65,7
Paman leopgoKeo 67,8 66,2 72,0
N150P90Keo 68,3 72,8
NaoPaoKeo 67,5
Kymup N120Pg0Keo 73,9 718
N150P90Ke0 74,2
NaoPaoKeo 67,1
Bukropus N120Pg0Keo 74,3 72,4
N150P90Keo 75,8
HCPos mas r.p. 2,2
dakropy A 1,3
dakropy B 13

V¥ copra Kymup yposkallHOCTb 3epHa U3MEHIACh
ot 67,5 no 74,2 w/ra. YiuydiieHue MOYBEHHOIO MHTAa-
HUS CIIOCOOCTBOBAJIO TIOJIYYCHHUIO CYIIECTBCHHON MPH-
0aBKH, KOTOpast cocTaBiisuia — 6,4 u 6,7 1/ra. Copt Buk-
Topusi chOpPMUPOBAT HAHOOJBIIIYIO B OIMBITE YPOXKaii-
HocTh mpH 1o3ax Nio u Nisp — 74,3 m 75,8 mw/ra.
JocToBepHOE yBEeMUEHIE YpOXKast B CPABHEHUH C ypO-
»aifHOCTEIO TIpH 03¢ Noo y 3TOTO COpTa cocTaBmIio 7,2
u 8,7 wra unu 10,7 u 12,9 % cOOTBETCTBEHHO.

HezaBucumo OT 03Bl YOOOpEHHS CpeIHssl ypo-
JKaifHOCTB 3epHa y copTta Panman paBHs1ack 66,2 1/ra, y
Kymupa — 71,8 u y Bukropuu 72,4 /ra.

YpoxaitHocTh 3epHa y coptoB Kymup u Bukro-
pHsl B CPaBHEHUH C YPOKAMHOCTHIO copTa PanaH Obuia
Ha 5,6 u 6,2 1/ra win Ha 8,5 U 9,4 % CyIIECTBEHHO
BbIIIe. Mexy ypoxaiHocTeio copToB Kymup u Buk-
TOpHS pa3HHIla He JOCTOBEPHA.

Ecmu cpaBHUBaTh ypo)KalfHOCTh 3€pHA pHCa B 3a-
BHUCUMOCTH OT JT03Bl MUHEPAILHBIX yIoOpeHui ((ax-
Top B), TO MOXHO 3aKIIFOYHTH, YTO IPH BHECCHHUU
ynoopennii B mo3ax N120PgoKeo 1 N15oPaoKeo oHa cocTa-
Bmwita 72,0 u 72,8 1/ra cooTBeTCTBeHHO. JlocTOBEpHAas
npubaBka B cpaBHEeHUH ¢ 710301 NgoPooKeo paBHsiIach
6,3 u 7,1 w/ra wiu 9,6 u 10,8 %. CymiecTBeHHOH pa3-
HUIIBI B yposkae 3epHa 1o 103am N1 1 Nisp He Habr0-
JIAJIOCh.

Takum 06pa3om, Ha YpOKaHHOCTh 3epHA puca J10-
CTOBEPHOE BIIMSTHUE OKa3bIBAJIU U COPTOBBIE OCOOEHHO-
CTH KYJbTYPHl, H YPOBCHb MHHEPAIBHOTO ITHTAHUSI
pacTeHHiA.
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Abstract

A comprehensive examination of 114 patients with HIV who had neurotic mental disorders on the basis of
the Municipal Institution "Dnipropetrovsk Regional Center for AIDS Prevention and Control" during 2018-2020,
among which there were 56 (49.12%) men and 58 (50), 88%) of women mainly with heterogeneous orientation (n
= 102; 89.47%), the average age of the examined patients was 39.77 (9.17) years. According to the results of
clinical and psychopathological examination and interviews using a self-developed map of the patient, it was found
that HIV-infected patients with deviant behavior was characterized by a predominance of maladaptive response to
their disease (68.63%): interapsychic maladaptation, 35.3%) and intrapsychic maladaptation (33.33%), which are
statistically significantly more common (p <0.001) compared with patients without deviant behavior - 14.29% and
9.52%, respectively. The patients of the comparison group were statistically significantly dominated by adaptive
types of attitude to the disease (p <0,001). Analysis of the average profiles of the types of attitude to the disease
in the study groups of the main group revealed a significant (p <0.05) predominance of such interapsychic oriented
reactions to the disease as sensitive and paranoid types. Among the intrapsychic orientation in the main group
significantly (p <0.05) was dominated: anxious, hypochondriac and neurasthenic types of attitudes to the disease.
Analysis of the average profiles of the types of attitude to the disease in the study groups of the main group revealed
a significant (p <0.05) predominance of such interapsychic oriented reactions to the disease as sensitive and
paranoid types. The above features of the attitude to the disease can be used as diagnostic criteria for detecting
deviant behavior in patients with HIV who have neurosis. Finally, the obtained results can be used to optimize the
diagnosis of deviant behavior in HIV-infected people and to develop a comprehensive therapy for this cohort of
patients.

Keywords: HIV-infected, types of attitudes to the disease, neuroses, maladaptation, deviant behavior.

The attitude of people with immunodeficiency vi-
rus person to his disease is an urgent issue of medical
and social rehabilitation of this cohort of patients. This
is primarily due to the development of highly active an-
tiretroviral therapy and the need for long-term treat-
ment, which requires a high level of commitment to
achieve a therapeutic effect compared to other chronic
diseases [1-3]. Also features of response HIV-infected
people still depend on their disease high level of stig-
matization in society and autostigmatization among the
patients themselves, a number of psychological predic-
tors and changes epidemiological features of HIV
spread, 80% of HIV-infected citizens belong to the
working population, 75% - younger 30 years [1-5].
That is why understanding the specifics of the attitude
to the disease in HIV-infected patients will allow you
to get rid of the target symptoms to which medicine
should direct psychotherapeutic measures to optimize
medical, psychological and social support of this cohort
of patients [5].

MATERIALS AND METHODS OF RESEARCH

114 patients with HIV-related diseases (B20-B24
according to the International Statistical Classification
of Diseases and Related Health Problems 10 revision -
ICD10), who were treated at the Municipal Institution
"Dnipropetrovsk Regional Center for AIDS Prevention
and Control" during 2018 - 2019 and had signs of neu-

rotic disorders. A comprehensive clinical and psycho-
diagnostic examination was conducted, which included
a clinical and diagnostic interview using a self-devel-
oped study card of the patient and an experimental-psy-
chological method of research, which included the
method of types of attitudes to the disease (TATD) [6].

Diagnosis of types of attitudes to the disease in-
volved the identification of the following types of atti-
tudes to the disease: S - sensitive, Anx - anxious, Hyp -
hypochondriac, M - melancholic, Ap - apathetic, N -
neurasthenic, E - egocentric, paranoid, An - anosognos-
tic, D - dysphoric, R - ergopathic and Har -harmonious.
These types of attitudes to the disease are combined
into three blocks depending on the criteria "adaptabil-
ity-maladaptation”, which reflects the influence of the
attitude to the disease on the adaptation of the patient's
personality and “inter-intrapsychic orientation" mala-
daptation. The block of adaptive types, according to the
method, included: harmonious, ergopathic and anosog-
nostic; to types with intrapsychic orientation: anxious,
hypochondriac, neurasthenic, melancholic, apathetic;
to types of interpsychic orientation: sensitive, egocen-
tric, dysphoric and paranoid [6].

Statistical processing of the results was performed
with using descriptive and analytical methods statistics
implemented in the software product STATISTICA 6.1
(StatSoftInc., serial Ne AGAR909E415822FA) [7].
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RESULTS AND DISCUSSION

56 (49.12%) men and 58 (50.88%) women were
examined. The average age of the examined patients
was 39.8 (9.17) years. All patients were divided into
two observation groups: group 1 (main group) - patients
with signs of deviant behavior (self-punishment, addic-
tive behavior, suicidal behavior, antisocial behavior,
etc.) (51 patients - 44.7%); group 2 (group of compari-
son) - HIV-infected without these symptoms (63 pa-
tients - 55.3%).

Analyzing the distribution of types of disease re-
sponse by blocks (table 1) found that in the surveyed
HIV-infected adapted types of disease response ac-
counted for a total of 56.14% of all surveyed, types with
intrapsychic maladaptation - 20.18% and 23, 68% den-
tified types with interpsychic maladaptation. Thus, to-
gether, the types of attitudes to the disease, character-
ized by impaired personal and psychosocial adaptation
were 43.87% with a slight dominance of interpsychic
maladaptation over intrapsychic.

Table 1
Distribution of HIV-infected by psychological types of attitude to the disease
. 1 group 2 group
Blocks of types of attitude to the disease All patle(;ts 14 n=51 n=63 P
n (%) n (%) n (%)
Intrapsychic orientation 23 (20,18%) 17 (33,33%) 7 (9,52%) p<0,001
Interapsychic orientation 27 (23,68%) 18 (35,30%) 9 (14,29%) | p<0,001
No significant disruption of social adaptation 64 (56,14%) 16 (31,37%) | 48 (76,19%) | p<0,001

p - differences between groups by Pearson's criterion ¢2, including the Yates Amendment.

For HIV-infected patients with deviant behavior
were characterized by disorders of personal and psy-
chosocial adaptation, which amounted to 68.63%: inte-
rapsychic maladaptation (35.3%) and intrapsychic mal-
adaptation (33.33%), which are statistically signifi-
cantly more common) compared with patients of the
2nd group - 14.29% and 9.52%, respectively.

For patients of the main group with interpsychic
types of attitude to the disease was characterized by
sensitized attitude to the disease, which manifested it-
self in maladaptive behavior of patients: they were
ashamed of their disease, used their condition to
achieve certain goals, showed heterogeneous aggres-
sive tendencies.

In HIV-infected people with an intrapsychic atti-
tude to the disease, there was a violation of social ad-
aptation. Their emotional-affective sphere of relations
manifested itself in the form of maladaptive behavior:
reactions such as irritable weakness, anxiety and de-
pression, fixation on their inner feelings, "withdrawal”
from the disease, refusal to fight - "surrender” to the
disease.

In the majority of HIV-infected comparison
groups (76.19%) adaptive types of attitude to the dis-
ease without pronounced disorders of mental and social

adaptation were found, in contrast to the main group
(31.38%). Patients without deviant behavior were more
characterized by a decrease in criticality to their condi-
tion, reduction of the "value" of the disease to its com-
plete displacement, violation of medication and disre-
gard for doctor's recommendations, "leaving” to work,
denial of infection.

Analysis of the average profiles of the types of at-
titude to the disease in the survey groups (Fig. 1) found
that in the main group revealed a significant (p <0.05)
predominance of such interapsychic-oriented reactions
to the disease as sensitive and paranoid types. The sen-
sitive type was characterized by excessive concern
about the possible adverse effects that may be made on
other HIV-infected people. Patients felt fears that peo-
ple would treat them with condemnation, despise them,
remove them, avoid them, and consider them inferior.
HIV-infected people with paranoid TVDH were char-
acterized by the belief that the disease was the result of
external causes, negligence of medical workers or the
cosmetic industry, someone's malicious intent. Such
patients were suspicious and wary of talking about
themselves, medications and procedures, meticulous
with medical staff and new treatments.
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Figure 1. Diagnosis of the generalized profile of types of attitude to the disease in the study groups of HIV-
infected (average score for the corresponding type according to the method of TATD)
* — p <0.05 compared with the 2nd group according to the Mann-Whitney test

Among the intrapsychic responses to the disease
in the main group significantly (p <0.05) was
dominated by anxious, hypochondriac and neurasthenic
types of attitude to the disease. The main group of HIV-
infected people are prone to anxiety, concern about the
unfavorable course of the disease, possible
complications of ineffectiveness and danger of
treatment. They were characterized by excessive focus
on subjectively painful and other unpleasant sensations,
impatience in the examination and treatment, the
inability to wait long for relief. Also, "irritable
weakness" was detected, which manifested itself in the
form of outbreaks of irritation to psychogenic stimuli.

Ergopathic type, characterized by "departure from
the disease to work" significantly more often (p <0,05)
was found in the comparison group, which correlates
with the age of patients (p = 0,31; p = 0,047), which
indicates a greater commitment to this type of attitude
to the disease in older age groups

CONCLUSIONS

Thus, HIV patients are vulnerable layer of patients
with special psycho-emotional profile. Despite a cer-
tain proportion of those adapted to the disease among
those surveyed with HIV status (56.14%), many of the
patients surveyed also found a high proportion of mal-
adaptive focus of the disease response (43.86%). The
examined patients respond to the disease mainly by the
sensitive-ergopathic type, which is characterized by ex-
cessive concern about the possible adverse effects on
others due to HIV status. In HIV-infected people with
deviant behavior statistically significant (p <0.001) pre-
vailed maladaptive types of attitude to the disease
(68.63%). Possibilities of psychological and psychoso-
cial adaptations of HIV-infected people with deviant
behavior are limited due to the depth of their condition,
increased emotional discomfort and anxiety, problems
with self-control. Difficulties in adapting to the disease

are associated with prolonged emotional stress, the de-
sire to increase their importance in the eyes of others,
blocking basic mental needs. Among the intrapsychic
orientation among patients with deviant behavior sig-
nificantly (p <0.05) was dominated: anxious, hypo-
chondriac and neurasthenic types of attitudes to the dis-
ease. The obtained results can be used to optimize the
diagnosis of deviant behavior in HIV-infected people
and to develop a comprehensive therapy for this cohort
of patients.
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The aim of the study was to determine an integrated indicator of quality of life in women who underwent

surgery for breast cancer.

Research methods. In our study, we consider quality of life as a criterion for evaluating the effectiveness of

treatment. In cases where radical interventions are used (eg surgery), an important result is the patient's subjective
assessment of their condition, which can vary widely depending on the side effects of the intervention (emotional
state of the woman after radical mastectomy). The study involved 77 women, who were divided into Il groups: the
main group (34) and control group (43).

This result suggests that patients who used intraoperative ICG-technology lymph node imaging, both primary
(food, income, medical care, sexual pleasure) and secondary needs (maintaining social contacts, self-esteem, self-
expression) [9] are generally rated higher than women after radical surgery with full regional lymph node dissec-
tion, although no statistically significant differences in the assessment of quality of life in the main and control

groups were found.

At the same time, priority is given to the restoration of social and labor activity, taking into account the
individual characteristics of the person and the course of the disease.
Keywords: “quality of life”, intraoperative ICG-technology, breast cancer.

The concept of quality of life assessment involves
finding and applying the optimal combination of in-
formative (including social) markers to analyze both
the course of the disease and the effectiveness of thera-
peutic and rehabilitation measures. Social indicators of
quality of life should not be considered arbitrary formu-
lations, but a hypothesis that needs to be corrected to
determine the degree of well-being and social function-
ing of a particular person in a particular society in a par-
ticular sociological context [4].

Quality of life indicators, which are determined by
health status, usually reflect the level of functioning of
the subject and his subjective perception of his health
and / or well-being, which characterizes two fundamen-
tal properties of quality of life - multicomponentity and
subjectivity of its assessment [3]. In this regard, the
concept of quality of life can be involved in a number
of factors, in particular, physical, mental and social as-
pects of human life. On the other hand, quality of life is
a certain integrated outcome indicator, which depends
on the severity of the disease and the impact of thera-
peutic measures, so its important aspect is the ability to
quantify the deterioration or improvement of patients as
a result of treatment or rehabilitation [7].

Quality of life is an index of the effectiveness of
rehabilitation programs. The study of the patient's qual-
ity of life allows to monitor the patient's condition dur-
ing rehabilitation, to distinguish between complications

in the course of the disease and side effects of treat-
ment. Based on data on quality of life, comprehensive
rehabilitation programs for various diseases can be de-
veloped. The possibility of recovery of the patient and
effective socialization are largely determined by the
quality of life of the patient in the stages of rehabilita-
tion [1, 2].

The value of quality of life assessment in clinical
practice is determined by two circumstances. First, a di-
rect link between the course of the disease and quality
of life does not always exist, because it is largely deter-
mined by the patient's subjective perceptions of the se-
verity of his disease, as well as its possible conse-
quences. At the same time, the need to reduce labor ac-
tivity, the threat of disability and changes in life habits
are important. Secondly, quite often the assessment of
the effectiveness of therapy by the doctor and his pa-
tient may not coincide. Thus, for a doctor, a successful
operation in cancer is considered evidence of a good
treatment effect, while patients report improvement in
less than half of cases [8].

Thus, the aim of the study was to determine an
integrated indicator of quality of life in women who un-
derwent surgery for breast cancer.

Research methods. The method of assessing the
quality of life associated with health has a wide range
of possibilities. In our study, we consider quality of life
as a criterion for evaluating the effectiveness of treat-
ment. In international clinical practice, a lot of research
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is devoted to the analysis of the quality of life of pa-
tients by assessing the effectiveness of treatment - nu-
merous drug therapy programs and combination thera-
pies. In cases where radical interventions are used (eg
surgery), an important result is the patient's subjective
assessment of their condition, which can vary widely
depending on the side effects of the intervention (emo-
tional state of the woman after radical mastectomy). In
this regard, quality of life is one of the main indicators
of successful treatment [5]. The study involved 77
women, who were divided into Il groups: the main
group (34) and control group (43).

Research results. According to research, the main
disabling effect is caused not by breast cancer itself, but

by radical treatment, which leads to the development of
persistent psychosocial maladaptation, which is larger
and different in nature and significantly different from
disability in many other cancers. In a detailed study of
the most constructive mechanisms of psychological
protection in women after radical treatment of breast
cancer, it was found that mental disorders in the form
of complicated reactions of grief and severe loss occur
in 96.1% of cases [6].

The average quality of life on the scales of the
questionnaire SF-36 in the main and control groups, ob-
tained in our study, are presented in table 1 and in Fig.
1.

Table 1

Quality of life indexes of patients after treatment of early forms of breast cancer on the scales of the ques-
tionnaire SF-36, points (M £ m)

Index Main group (n=34) Control group (n=43)
Physical functioning (PF) 48,9+ 4,83 40,9+4,92
Role-functioning (RP) 32,6 +£3,14 23,7+274
Bodily pain (BP) 62,5+ 6,38 56,0 + 6,03
General health (GH) 66,5 + 6,82 61,0+ 6,28
Vitality (VT) 50,2 + 5,16 435+ 431
Social functioning (SF) 79,1 £ 8,14 67,3+6,84
Role-Emotional (RE) 46,5+ 4,76 41,0+ 4,43
Mental health (MH) 58,7+6,13 52,4 +5,38

Physical Functioning (PF) is defined by the re-
spondents' subjective assessment of the amount of their
daily physical activity as heavy (running, lifting heavy
objects, etc.), moderate (moving a chair, working with
a vacuum cleaner, etc.) or light (leaning, dress, etc.), ie
expressed in the willingness to engage in active motor
activity. Low scores on this scale indicate that the re-
spondent's physical activity is limited by his health.

Our results show that the PF of patients who used
the technology of intraoperative ICG-imaging of the
sentinel lymph node, 15.7% higher (p> 0.05) than
women with early forms of breast cancer, who, along
with radical surgery performed full regional lymph dis-
section (Table and Fig. 1), ie patients of the main group
are more physically resilient than women in the control
group.

Phaicaifunctioning (FF)
100,y

NMental heaith (A H)

Roie-Ermotional (RE)

Socialfunctioning (5 F)

Vitality (VT

O M ain group

" Role-functioning (RP)
~ Bodily pain (BF)

¥ Ganeral health (GH)

I

W Contral groug

Fig. 1. Indicators of quality of life of patients after treatment of early forms of breast cancer on the scales of the
questionnaire SF-36, points
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Role-functioning due to the physical condition of
the Russian Federation (RP - Role-Physical Function-
ing) is a subjective assessment by respondents of the
degree of limitation of their daily activities (the amount
of time spent on work; limitation of any activity, etc.).
Low scores on this scale indicate that daily activity is
limited by the physical condition of the respondent. It
is shown that the RF of the main group of patients is
27.3% higher (p> 0.05) than women of the control
group (Table and Fig. 1), although this difference is a
trend.

Pain is an integrative function of the body that mo-
bilizes its various physiological systems to protect
against the effects of aggressive environmental factors.
Low scores on the scale of pain intensity (BP - Bodily
Pain) indicate that pain significantly limits the activity
of the respondent. It is noted that the value of the BP
index in the group of women after radical surgery with
a full volume of regional lymph dissection is 6.5 points
(10.4%, p> 0.05) lower than in patients who used in-
traoperative ICG technology: 56.0 and 62.5 points, re-
spectively

The General Health (GH) questionnaire of the SF-
36 questionnaire suggests that respondents subjectively
rate it as "excellent", "very good", "good", "mediocre"
and "bad". In addition, respondents should make an
evaluation judgment based on the phrase "My health is
not worse than most of my acquaintances" in five
grades and indicate whether their physical (emotional)
state during the last month prevented them from spend-
ing free time with family, friends or with the col-
leagues. The lower the score on this scale, the lower the
subjective assessment of the health of the respondent.
We found that the subjective assessment of their GH by
patients of the main and control groups in the age range
of 27-69 years did not have a statistically significant
difference (Table and Fig. 1). We believe that a key fac-
tor in this approach to assessing one's health is the state-
ment "My health is not worse than that of most of my
acquaintances"”, according to which respondents ex-
pressed their opinion.

Viability - the degree of human adaptation to life,
to fluctuations in living conditions. According to the
SF-36 questionnaire, the vital activity (VT-Vitality) in-
volves a feeling of inspiration and energy or, con-
versely, exhaustion. Low scores on this scale indicate
the respondent's fatigue, decreased vital activity. The
results of our study found that the viability of patients
who used intraoperative 1CG-technology, 6.7 points
(13.3%, p> 0.05) higher than in the group of women
after radical surgery with full volume regional lymph
dissection (Table and Fig. 1), which are more difficult
to adapt to changes in living conditions.

Social functioning (SF) is determined by the de-
gree of restriction of social activity of the respondent
by his physical or emotional state, which interferes with
communication with family, friends, neighbors or in
the team. Low SF scores indicate a significant limita-
tion of social contacts (communication). It is shown

that the level of SF of women in the control group is 6.5
points (10.4%, p> 0.05) lower than in patients of the
main group, ie their physical and emotional state to a
greater extent interferes with communication. Given
that the scales "physical functioning”, "role functioning
due to physical condition" and "pain" in women with
full regional lymph node dissection are also lower than
in the group of patients using intraoperative 1CG tech-
nology, it is possible predict their lower social activity.
The decrease in social activity indicates a prolonged ef-
fect of traumatic experiences and changes in the inter-
nal perception of their social status.

Role-emotional functioning (RE - Role-Emo-
tional) involves a subjective assessment of the degree
to which the emotional state causes difficulty in per-
forming work or other daily activities. Low scores on
this scale are interpreted as restrictions on daily activi-
ties due to the emotional state of the respondent. Ac-
cording to our results, the index of RF in the group of
patients using the technique of intraoperative visualiza-
tion of the signal lymph node is 11.8% (p> 0.05) higher
(46.5 points) than in the control group (41.0 points) ta-
ble and Fig. 1.

According to the WHO, Mental Health is posi-
tioned as a state of well-being in which a person can
realize his or her own potential, cope with normal life
stresses, work productively and productively, and con-
tribute to the life of his or her community. Software is
a very important part of a person's quality of life related
to health. This is primarily due to the fact that in the
human body all systems and organs are interconnected,
act on each other and are largely under the control of
the central nervous system, so the software affects the
work of each of the functional systems, and the state of
the latter, in turn, affects mental health. MH (self-as-
sessment of a person's psychological status) respond-
ents rated the concepts of peaceful and happy. The first
means that the person is calm, not confused and does
not feel anxiety, the second - the respondent is in a state
of emotional comfort when his basic needs (physical
and spiritual) are met. We found that the rate of assess-
ment of their mental health in patients of the main
group was 6.3 points higher (10.7%, p> 0.05) than in
women of the control group: 58.7 and 52.4 points.

This result suggests that patients who used in-
traoperative ICG-technology lymph node imaging,
both primary (food, income, medical care, sexual pleas-
ure) and secondary needs (maintaining social contacts,
self-esteem, self-expression) [9] are generally rated
higher than women after radical surgery with full re-
gional lymph node dissection, although no statistically
significant differences in the assessment of quality of
life in the main and control groups were found.

Conclusion. The current concept of quality of life,
relevant to health, for women with breast cancer is
based on a comprehensive study and assessment of key
clinical, psychological and social indexes. At the same
time, priority is given to the restoration of social and
labor activity, taking into account the individual char-
acteristics of the person and the course of the disease.
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AHHOTAUUA

B cratbe peaACTaBIICH HeJ'IOCTHO-CI/ICTeMHLIﬁ AHaJIn3 NPUKIIATHBIX (I)I/I?)I/IKO —MAaTEMAaTUYCCKUX 3a/1a4 CBsA3aH-
HBbIX C 3aa4aMM: O CHJIC J'[eHua; OIPCACIICHUEM OKTAHOBOI'O YHUCJIa OeH3HMHa METOAOM JJICKTPOCTATUYICCKOI'0O B3a-
PIMOZ[GfICTBH?[; OIIPCACIICHUEM YPOBHS paaralliu 0pr>1<a}01u6171 CpCabl C MOMOIIBIO IbLJIECOCA; ONPEACIICHUEM OT-
HOCHUTEJIbHOM MarHUTHOH MNPOHUIIAEMOCTH MArHeTKa JUHAMUYCCKHUM METOJOM; YCTAHOBJICHUEM YPOBHS 3arps3-
HCHUA Oprxca}omeﬁ Cpeabl B IIponecce MOOMIILHOM TeJ'Ie(bOHHOfI CBA3UM OTHOCUTCIIBHO CaAMOPA3BUTHUSA
COOCTBEHHOTIO HEJIOCTHO-CUCTEMHOI'O UKJIA )KU3HCACATCIbHOCTU B IPOLICCCE H.II/IpOI(OHpO(i)I/IJ'ILHOI\/'I IOATOTOBKH
CIICHUaJINCTOB.

Abstract

The article presents a holistic and systematic analysis of applied physical and mathematical problems related
to the following tasks: on the Lenz force; determination of the octane number of gasoline by the method of elec-
trostatic interaction; determination of the level of environmental radiation using a vacuum cleaner; determination
of the relative magnetic permeability of a magnet by the dynamic method; determination of the level of environ-
mental pollution in the process of mobile telephone communication regarding the self-development of one's own
holistic and systemic life cycle in the process of wide-profile training of specialists.

KiroueBble ciioBa: HGHOCTHO-CI/ICTCMHHﬁ aHaJlu3, cujia .HGHIIa, OKTaHOBO€ YHUCJIO 6€H31/IHa, METOA DJICKTPO-
CTaTH4YECKOI'O B3aHMOI[efICTBPISI, HGHOCTHO-CI/ICTGMHHﬁ IUKII XKU3HCACATCIIbHOCTH.

Keywords: holistic-system analysis, Lenz force, gasoline octane number, method of electrostatic interaction,
holistic-system life cycle.

LlemocTHO CHCTEMHBIN aHANN3 MPUKIATHBIX (QH-
3UKO-MaTeMaTHYECKHUX 3a7ad 3a1aéTcsa IICHXOIOTHYe-
CKOM TeopHe NesITeIbHOCTH, ICHXO0JI0r0-TIeJaroruie-
CKUM CHCTEMHBIM WJIHM MEeIaroroMeTPHYeCKIM aHAIU-
30M M TICHXOJIOTHYECKOW Teopuel (OopMHpPOBAHUSI
UHTEJUIEKTa, KOTOpPbIE MpPEJCTAaBISIOTCA MHOrOMeEp-
HBIMU — JBEHAJUATH KpPaTHBIMU IPOCTPAHCTBAMU
spuraMmHoro suja [1, c. 64].

Paccmotrpum crienyromue npukiagHbie (QU3UKO-
MaTeMaTHYECKUE 3aauH.

3anaua o cuie Jlenna.

PasButre cuibl Jlenna -Lenz Giicll - mposiBiisieTcst
BO B3aMMOJENCTBUHU ITOCTOSHHOTO MarHuTa ¢ JuamMar-
HUTHBIM MarHeTHUKOM, HalpUMEp MEIbIO.

AKTYaNbHOCTh JTAHHON TEMBI OMpEACIISeTCs TO-
BBIIIICHHEM 0€30TIaCHOCTH TOPMO3HBIX TPaHCIIOPTHBIX
CUCTEM Ha OCHOBE MAarHHUTHOTO  TOPMO>KEHUS
(manyetik frenleme).

OOBEKTOM UCCIIEIOBAHUS SIBJISECTCS CUCTEMA B3a-
HUMOJCUCTBUSA DJIEKTPOMATHUTHBIX JIEMEHTOB MPU B3a-
MMHOM JIBHOKCHUH.
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IIpenmerom uccnenoBaHus SIBISETCS UCCIENOBA-
HUE B3aUMOJICHCTBUSI MarHUTHBIX MOJIEH C IUaMarHuT-
HBIMM U TapaMarHUTHBIMA MaTepuallaMd MEAbl0 U
AIIOMUHUEM.

MeTonoM HUccleI0BaHUS CIIYKUTh I[€JI0CTHO-CH-
CTEMHBIA aHalIu3 MPOLECCOB MNpPHU B3aUMOJEHUCTBUU
BO3HHMKHOBEHHSI TOPMO3HBIX CUJI PU B3aUMOICHCTBUU
MOJIB>)KHOTO MAarHUTHOTO MOJIS C HEMOBUKHBIM Mar-
HETHKOM M Ha00OpOT — B3aMMOJICHCTBHE Bpallarole-
rocsi MarHeTHKa ¢ HEMOABMKHBIM MArHUTHBIM IIOJIEM.

I'nnore3a uccnenoBanus. B HacTosimiee Bpems B
KAaueCTBE AKTUBHBIX 3JIEMEHTOB TOPMO3HBIX TpPaHC-
MOPTHBIX CHUCTEM Ha DJIJIEKTPOTIre MNPUMEHSIOT Ka-
TYIIKH UHIYKTUBHOCTHU, TaK Ha3bIBa€Mble TOPMO3HbBIC
KaTyIIKH, KOTOpBIE CO3JAl0T NPOTUBOJACHCTBYIONIUI
BpallaTeabHbIi MATHUTHBI MOMEHT U CUCTEMBI MeXa-
HHYECKOTO0 TOPMOXKEHHSI C IPUMEHEHHEM DPa3IMYHBIX
MEXaHHYECKUX TOPMO3HBIX KOJOIOK.

B namem ciyuae npensaraeTcs opraHu3alus Top-
MO3HOT0O BpAIATELHOTO MOMEHTa MpU B3aUMOJEH-
CTBUU MarHUTHOTO NOJISI C AMAMarHeTUKAMH, B YaCTHO-
cTd ¢ Menpto. [Ipu 3TOM B CBS3M C MPOHULIAEMOCTHIO
CHJIOBBIX MAaTHUTHBIX TOJIEH COOCTBEHHOTO MPOCTpPaH-
CTBa MUaMarHeTuka M BosHUKaer cmia Jlenma (Lenz
Giicii). Tobko B TypenKoi HaydYHO-TEXHUYECKOH JIH-
TepaType 0 MarHUTHOM TOPMOKEHHH CYIIECTBOBaHUE
Takou cuiibl umeeT Mecto. Iloncku cunbl JIeHna Ha Bce
BeAyIIMX s3bIkax EBpomsl, Bitoyas Poccuro, He namu
MOJIOXKUTEILHOTO pe3yibTata [3, . 58].

CymecTBoBaHMe CUIIBI JIeHIIa MOATBEPKAAIOT /1Ba
OMbITA: MaJIEHUE HEOAUMOBBIX MArHUTOB B aJIIOMUHHE-
BOM M MeqHOH TpyOe. Pa3HOCTH BO BpeMeHH MajeHUL
npu anuae TpyOsr 0,5 MeTpa mocturaeT Mo 2 CeKyH[.
TopMmokeHHEe MarHUTa B METHOH TpyOe oOBsICHAETCS
TEM, YTO MeJIb SIBJIIETCS IMaMarHeTUKOM U HarpaBJie-
HUE BEKTOPa MHAYKLMH MarHUTHOTO MOJISI MPUBOJIUT K
BO3HUKHOBEHUIO CUIbl JIeHIIa, HAaIpaBIE€HHOW IPOTUB
JIBUKEHUS] MarHuTa.

[Ipu majgeHwn MarHuTa B alOMMHHUEBON TpyOe
BO3HHKAIOT CKOPOCTh MaJaHUS HECKOJIBKO yBEIHUNBA-
€TCs1, UeM MPH CBOOOTHOM MaJieHUH. DTO OOBSICHIETCS
TE€M, YTO MapaMarHeTHKH pacIloJIaraloTcsl Iapain-
JIEJIbHO CUJIOBBIM JIMHUSIM BHELIHET0 MAarHUTHOI'O
nmonst. B amoMuHMEeBOW TpyOe, BO3HHKAMOMas CHIA
Jlenna HanpapsieTCs M0 ABMYKEHHUIO HEOJJUMOBBIX Mar-
HUTOB. [103TOMY MPUMEHSTH aTFOMUHUH JIJIS1 CO3/IaHUS
TOPMO3HBIX CCTEM HEBO3MOXKHO.

OTHOCUTENbHYIO BEJIMYUHY CHJIBI JIeHIa MOXXHO
OTIpeNIeNNuTh U3 BTOpOro omsita. OnpenenseM nepuos
Kosje0aHU! MasTHUKOB W3 HEOJUMOBBIX MarHWTOB B
cBOOOJTHO MIPOCTPAHCTBE U IO BIUSHHEM JHaMarHe-
THKa. 3Hasg OTHOCUTEIHHOE YCKOPEHNE W MAcCy MasT-
HHKa 110 BTOpOMY 3aKoHy HpI0TOHa ompenenseM Belu-
yuHy cuibl JIeHna.

TopmosHoit 3ddekt crusl JIeHna u ero 3HaYCHHE
paccmaTpuBaeM Ha TpeThedl ycrtaHoBke. Ilon nelt-
CTBUEM CHUJI AMIlepa, BOSHUKAIOIIUX B 3JIEKTPOABHUIa-
tene. OmnpenensieM BpaliaTeabHbIE MOMEHT IO BTO-
pomy 3akoHy HbloTOHa /17151 BpalaTeabHOro ABMXKEHUS
M=I'¢ — mpousBeeHNE MOMEHTAa MHEPLUU MEIHOTO
JIUCKa Ha yrioBoe yckopeHue. Ilpu B3ammonaencTBuu
BpAIAIOIIErocss AUCKa C HEOJUMOBBIMU MarHUTaMu
BO3HHKAET TOPMO3HOE JericTBre cwtbl JIenna. Oomuit

TOPMO3HOH 3(P(HEKT pacCUUTHIBAEM HCXOIS U3 TEO-
peMBbI 00 U3MEHEHWH KWHETHYECKON DYHEPTHH OOIIETro
TOPMO3HOTO METHOTO JAMCKA, KOTOPBIA pacrojiaraercs
Ha (bJaHIle MaxoBOro Kojieca TPAHCIIOPTHOTO MeXa-
HU3Ma.

JanbHeWmui aHanu3 U pasBuTve cuibl JIeHna
CBA3bIBAGM  C:  0a3uCHO-0000IIEHHOW  3Be3/0it
OplraMMmbel THIEPIPOCTPAHCTBA KUIHEACATCIBHOCTH
(E1); 06a3ucHO-0000IIEHHBIM IIEIIOCTHO-CUCTEMHBIM
nuKIoM xku3HeaestensHocth (E2); 6a3ucHo-0000mEH-
HO 3Be3/10#1 DpuramMmMel cucteMHoro ananmsa (E3); 6a-
3UCHO-0000IIEHHBIM TIPOSBICHHEM [BEHAAIATH 3Ta-
moB W (OpM MO3HABATEIHFHOTO THUIEPIPOCTPAHCTBA
KU3HEIEATCIPHOCTH OTHOCUTEIHHO 00pa3oBaTelib-
Horo nporecca (E4); 6a3ucH0-0000IIEHHBIM BBIpaxe-
HUEM JIBEHAJIIaTH 3TAIOB LIEI0OCTHO-CUCTEMHOTO Jeii-
ctBusi(ES) [4, c.354].

3amayda Mo ONpeeIeHUI0 OKTAaHOBOTO YHCIa OeH-
3MHa METOJOM JJIEKTPOCTATUYECKOTO B3aUMOJCH-
CTBHSL.

AKTyaTbHOCTh JAHHOW TEMBI OIpEAesIeTCS MO-
OWJILHOCTBIO OTIPEICIICHIsI OKTAHOBOTO YrciIa OeH3NHA
METOJIOM AJIEKTPOCTATHIECKOTO B3auMoecTBH. Pac-
49ET OKTAaHOBOTO YHCIa OCH3MHA MPUKIIATHRIMI KOMITb-
IOTEPHBIMH TIPOTPAMMaMH, KOTOpBIC MOBBIIIAIOT (-
(DEeKTHBHOCTh B YIIPaBJICHUU TPAaHCIIOPTHBIMH OOBEK-
TaMu.

OOBEKTOM HCCIICIOBAHUS SIBJIACTCS ONpeAeTICHUS
OKTaHOBOT'O YuCia OEH3MHA METOJIOM JIEKTPOCTaTHUe-
CKOI'0 B3aUMO/JICHCTBHUS.

[IpeqmeroMm uccnemoBaHUs SBISICTCS OMpeIeie-
HHUE OKTAHOBOTO YHCJIa OCH3MHA METOJIOM AJIEKTPOCTa-
THUYECKOTO B3aMMOJICHCTBHS Yepe3 COOTBETCTBYIOIINE
OTIpeNIeIICHUs] OTHOCUTEIBHON IIAJICKTPUIECKON TPO-
HUIIAEMOCTH CHCTEMBI OCH3UHOB.

MeTooM HCCIIEIOBaHUS CIYXHT IEIOCTHO-CH-
CTEMHBIH aHaJIN3 3aBUCUMOCTH MPOIECCOB OKTAHOBOTO
yuciia OeH3MHA Yepe3 COOTBETCTBYIOIIUE OTIPE/IeIICHNUS
OTHOCHUTEJIbHOW JTUAJIEKTPUYECKON MPOHUIIAEMOCTH
CUCTEMBbI OCH3MHOB U COOTBETCTBYIOIIUN PACUET dJIeK-
TPUUECKON EMKOCTU LIMJIMHAPUYECKOTO JaTYMKa-KOH-
JIeHCaToOpa, KOTOPBIM MOMEINIAETCs B COOTBETCTBYIO-
1yt OCH3WHOBYIO Cpely.

l'umoresa uccienoBanus. CyHIECTBYIOT pas3iidd-
Hbl€ METOJIbl ONPEIENICHUsI JIEKTPUUECKONH EMKOCTHU
MWIMHAPUYECKOTO AaTYHKa-KoHAeHcaTopa. Hanpumep
Mocr IllépuHra - 3neKTpudecKas cxema, U3MEpUTEIIb-
HBIA MOCT IEPEMEHHOTO TOKa, MPeTHa3HAYCHHBIH IS
HU3MEPEHUS JIEKTPUUECKOW EMKOCTH M TaHI'€HCA YIa
JUDJICKTPUICCKUX MOTEPH B AMUDJICKTPUKAX KOHACHCA-
TOPOB, TaKXe, B ANEKTpHUecKnx kabemsx. Ha3zsan mo
MMEHU HEMEIIKOTO WHXKEeHepa M M300peTarenst 3Toro
ycrpoiictBa 'epanbiaa Illepunra (1880—1959). Jlan-
HBIA METOJI IPUMEHSETCS I U3MEPEHHSI OTHOCHUTEIb-
HOM AMANEKTpUUECKOH MpoHULIaeMocTH BemecTBa. Co-
BpeMeHHbIe OeH3nHbI A-80, A-92 n A-95 umerot npu
temneparype 20° C COOTBETCTBYIOIIME OTHOCHTEIb-
HBIC JMAICKTPHUYCCKUE MPOHUIIAEMOCTH BemecTBa: 2,0
;2,3 1 2,38 . [loaroMy HEOOXOAMMO H3MEPHUTH COOT-
BETCTBYIOIIHNE AJIEKTPHUECKUE EMKOCTH IHUIMHIpPUIC-
CKOTO JTaTYMKa-KOHJCHCATOpa 110 CTaHZApTHBIM (op-
MyJlaM. DTO OIpeAessieT METOJT FIMEKTPOCTATHIECKOTO
B3aMMO/ICHCTBHSA P OTIPEIEICHUN OKTAHOBOTO YHCIIA
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6en3uHa. OCHOBHBIM MIPUHIHIIOM H3MEPEHUS SBIICTCS
KOMIIEHCAaTOPHBIN TOAXO0/, KOTIa CPAaBHUBAIOTCS CHIIO-
BbIE TI0Ka3aTeNy 3TAJIOHHOTO M UCCIEIyeMOTO JJIeK-
TPUYECKUX IOJIEH.

Ecnu m3meputh smexTpuueckue EMKOCTH IMIHH-
JPUYECKOT0 NaTYHKa-KOHAEHCATOpa 10 CTaHAAPTHBIM
(dopmynam, TO B JaJbHEHIIIEM MOXHO ONPENENUTh OT-
HOCHTEJIbHBIE JTUIJIEKTPUYECKUE MTPOHUIIAEMOCTH Be-
IIeCTBa - OKTAHOBBIC Ynciia OeH3MHOB. [l 3TOTO TMO-
TpeOyIOTCS Clleayromue TpuOOphl W 000PYIOBaHMUE:
moct Illépunra, MUIMHAPUYECKUE MOJCIH JaTYUKOB
KOHJICHCATOPOB, COEANHUTEIHHBIE MTPOBOJA U HAOOPEI
O0ensunoB A-80, A-92 u A-95.

BeimosniHeHue mpouecca U3MepeHHs: OTHOCHTEIb-
HBIX JAUDJIEKTPUYECKUX NPOHUIIAEMOCTEH BelecTBa:

1. CoenuHUTP NWIMHAPUYECKUH JaTUYUK-KOH-
nercatop ¢ moctom LlIépuHra ¢ MOMOIIBIO COSMTUHI-
TCJIbHBIX MPOBOJOB.

2. TloMecTHTh MOJHOCTHIO NATYNK-KOHICHCATOP
B COOTBETCTBYIOLIWIA OCH3HH.

3. H3MmepuTh MEKTPUIECKYI0 EMKOCTH IIHJIMH-
JIPUYIECKOTO JaTYMKa-KOHACHCATOpa C MOMOIIBI0 MO-
cra Iépunra.

4. Tlo crarmapTHO# (hopMyIie ompeneNsieM OTHO-
CUTETIbHYIO IUAIIEKTPUICCKYIO0 IPOHHUIIAEMOCTh OCH-
3MHA U COOTBETCTBYIOI[EE OKTAHOBOE YHCIIO OCH3MHA.

Co 2meg h  cea®
- r Hg_Znsoh
/n-2
Iy

IlepcniekTuBBl JAIbHEHIIET0 COBEPLIEHCTBOBA-
HUS JAaHHOTO METOJa U3MEPEHHUH CBA3BIBAIOTCS C aBTO-
MaTu3almi mnporecca pacyéra 0a3bl JaHHBIX C TIOMO-
IIbI0 TAKETOB TPHUKIATHBIX KOMIIBIOTEPHBIX TIPO-
rpaMM. JlaHHBII METOJ OTKPBIBAET IEPCHEKTUBbI
JAIBHEMINETO Ppa3BUTHs ONpEAEIEHHE OKTaHOBOIO
yrcina OEH3MHA METOJIOM 3JIEKTPOCTaTHYECKOTO B3aH-
MoJeHcTBus. B mporecce perreHnss HEOOXOAUMO MPH-
MEHSTh OCHOBHBIE TIOJI0KEHUSI TEOPHH AEATENbHOCTH,
CHCTEMHOT'0 aHaJIN3a U TEOPHH (POPMHUPOBAHUS UHTEII-
nekra [5, €.55].

CuCTeMHBIH aHaTU3 MpEeAIoJiaraeT BBHITOJIHEHUE
MOCJIEIOBATEIEHOCTH ~ CHCTEMHBIX  aHAJTHUTHUYECKUX
newctemii [2, ¢.4].

3anmava 00 oIpeaesieHNH yPOBHS paHaluy OKpy-
JKAIOIIEH CpelIbl C MOMOIIBIO IBLIECOCA.

AKTyanbHOCTb JAHHOW TEMBI ONPENENAETCS MO-
OMJIBHOCTBIO ONpEAENEHHs pajuanny OKpYKaroIei
CpeJbl C MOMOIIBIO MbLIECOCa OTHOCUTENIBHO PaJIOHA.

OOBEKTOM HCCIIEIOBAHMS SBISIETCS CHCTEMa B3a-
UMOJEUCTBUS PaAHOAKTUBHOIO U3ITyUEHHS C aHATIUTH-
YECKUMH a3p030JIbHBIMU (PUIIBTpaMH, KOTOpPbIE TIOMe-
HIAIOTCS B IBUIECOC B MPOLECCE MPOKAYKU OKPYIKaro-
HIEr0 BO31yXa.

[Ipenmerom mcciieOBaHUS ABISETCS HCCIEIOBA-
HHUE B3aUMOJCHCTBUS BO3yXa, COAEPKAIETO PaZoOH C
AQHATUTHYECKIMH a’3pO30JbHBIMH (pHUIBTPaMH, KOTO-
pBI€ TIOMEIAIOTCS B IIBLIECOC.

MeTonoM uccre0BaHUS CIIyKUTh LEIIOCTHO-CHU-
CTEMHBIH aHaJN3 MPOLECCOB IPU B3aUMOJECHCTBUU
BO3AyXa, COAEPKAILEro pajoH C AaHATUTUYECKUMU

a3p030JbHBIMU (DHIBTPAMH, KOTOPHIC ITOMEIAIOTCS B
TIBLIECOC.

I'nnotesa uccaenosaunus. [Ipu npokadke Bo3mayxa
yepe3 OyMaKHbIH (GUIbTP Ha GUIIBTPE OCeqaeT Mblib C
JIOYepHUMH MPOJYyKTaMH pacmaaa pamoHa (Rn-222),
BXOJAIIEr0 B NPUPOJHBIH PaJMOAKTHUBHBIA PsJ MPH-
poanoro ypana (U-238).

O06opynoBaHue: BO3AYIIHBIH MBIJIECOC, aHAIUTH-
Ygeckue adpo3onbHble QmIbTpel ADA IpUMEHSIOTCS
oymaxubsid punsTp ADA-PMII-20, no3mmerp-panuo-
metp MKC-AT6130, ckoTd, cekyHIOMEp

3akperusieM CKOTdeM OyMaXKHBIH (QUIBTp Ha
BXOJHOM IaTPyOKe MbUIECOCa JO3UMETPOM-PaANOMET-
POM H3MepsieM HadajbHble 3HAYEHHS IUIOTHOCTHU I10-
TOKa 0eTa-4acTHIl U MOIIHOCTH JI03bl raMMa H3Iyde-
HUSI BIUIOTHYIO (10 1 cM) K (UIBTPY BKIIIOYAEM IIbLIe-
COC U CEKyHJIOMED.

J103uMeTpoM-pagoMeTpOM MEPUOANIECKH U3ME-
psieM 3HauYeHWs IUIOTHOCTH MOTOKa OeTa-4acTul H
MOIITHOCTH J03Bl TaMMa H3JIyYeHHS BIUIOTHYIO (70 1
CM) K QUIBTPY.

ITpu npoxauke Bo31yxa uepe3 OyMasKHbIH QUIBTP
Ha (UIBTPE OCENACT MbUIb C JOYSPHUMH MPOIYKTAMHU
pacmana pamona (Rn-222) BXopasmero B MpHUPOIHBIH
pamuoaKTHBHBIN psin npupoanHoro ypana (U-238)

Payion nmocTynaeT B BO3yX U3 rpyHTa, IPUPOTHOI
BOJIBI U CTPOUTEJBHBIX KOHCTPYKLUH 31aHHs, COAEp-
JKallIX MPUPOHBIE MaTepuaisl (TIMHa, mebeHs). Jo-
yepHHe MNpoAyKTel pajgoHa (/IIP) maror ocHOBHOI
BKIan (2/3) B mpuponHOoe OOJydeHHEe 4enoBeKa Ha
3emue.

JlonycTrmasi SKBHBaJICHTHasi PaBHOBECHas 00b-
€MHas aKTHBHOCTh PaJI0Ha B BO3AyX€ JKHJIBIX TIOMeIIIe-
Hu# coryacHo nmyHkTa 5.3 Hopmbl Panunounonnoii bes-
omacHoctT HPB-99/2009 cocraBmser 100 Bekke-
penb/kKyondeckuii MeTp (U1 HOBBIX IOCTpoek), 200
Bekkepenb/kyOuueckuii MeTp (JUisi CyIIECTBYIOLINX )

1 Bk cootBercTByeT | pacmagy B CeKyHAy, Ipu
9TOM HCIYCKaeTcsl paJIMOakTHBHAs dYacTuia (anbga
Wiy OeTa B 3aBUCUMOCTH OT THUIIAa paclaja) U COIMyT-
CTBYIOIIIEE pacmaay ramma usiaydeHue. Y Rn-222 6mim-
Kaiiume nodepHue npoaykrsl pagona (JI1P): Po-218
(mononuit); At-218 (acrar); Rn-218 (pamon); Pb-214
(cBumen); Bi-214 (BucmyT); Po-214 (mononutit); T1-210
(Tanuit) ¢ mepruosaMu MoJypacrana oT JoJel CeKyH[
110 26,8 MUHYT.

I'maBHOe 3HaueHME B OeTa U3ITydeHUE B IBUIN BHO-
CAT ClleyIolIHe JouepHHue poayKThl panona (I1P):
Pb-214 (cBumen), Bi-214 (Bucmyrt), T1-210 (tanuii),
mipu 30 % perucTpanuy uxX U3IIydeHUs B PABHOBECHOM
¢ JouepHUMH npoaykramu pajgona JITP (100 bx/xyou-
yeckuil MeTp) Oyzaer 3apeructpuposano 100 Gera va-
CTHIl B CEKyHAy Ha | kyOmdeckuii MeTp Ha QUIBTpe
TUTONIA/IbI0 7 KBAAPATHBIX CAHTUMETPOB WK 14 yacTuiy
B /(ceKyHy Ha KBaJpaTHBIH CAHTUMETD).

OnnH KyOn4yeckunii MeTp Bo3ayxa OyeT npoKaueH
IIBLIECOCOM ITPUMEPHO 32 oHy MUHYTY. [Ipn Gonbireit
TIPOJIOJDKUTEEHOCTH PabOoThl IbLIEcOca JOIyCTHMOE
n3nydeHne OyleT NpUHUMATh OoJbllee 3HAYEHHE.
Taxoke creayeT yduTbiBaTh d3PQPEKTUBHOCTh (PHUITBTPA,
OyMaXHBIH CITEIIUATBHBIN aHAUTUTHYECKHI a’p030Jib-
HbI QubTp (ADA).
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JanpHelmmit ananu3 U pa3BUTHE TAHHOTO METO1a
CBs3bIBaeM  C:  0a3uCHO-0000mEHHONW  3BE31OH
DpIraMmbl THIIEPIPOCTPAHCTBA KU3HEICATCILHOCTH,
0a31CHO-0000IEHHBIM I[EIOCTHO-CUCTEMHBIM ITUKIOM
JKU3HECATEILHOCTH, 0a3UCHO-0000MEHHON 3BE3I0M
OpIraMmmbel CHCTEMHOTO aHaju3a; 0a3uCHO-0000IIEH-
HBIM MPOSIBJICHUEM JIBCHAIIATH 3TAIIOB U (POPM MO3HA-
BaTEJIFHOT'O TUICPIPOCTPAHCTBA JKU3HEACATSIIEHOCTH
OTHOCHTEIIFHO 00pa30BaTeFHOTO Iporiecca; 0a3ucHO-
0000IMIEHHBIM BBIP@XCHUEM IBEHAIIATH STAIIOB Iie-
JIOCTHO-CHCTEMHOIO JekcTBHs [6, C.225].

3amada 00 ompeneIeHnH OTHOCUTEIFHOW MarHuT-
HOU TIPOHUIIAEMOCTH MarHeTHKa JHHAMHUYECKAM METO-
JIOM.

AKTYyaqbHOCTh JAHHOW TEMBI OIPEICISICTCS MO-
OWJIBHOCTBIO OIpPEIEIICHUS] OTHOCHUTECIBLHOW MATrHHUT-
HOU MMPOHUIIAEMOCTU MaruH€Tuka IMHAMHUYCCKUM MCTO-
oM. PacyéT cUOBBIX MarHUTOB B CO3JaHUU a3UMYy-
TaJIbHBIX METOAOB B YIIPABJICHUN TPAHCIOPTHBIMU
00BEKTaMU.

OOBEKTOM HCCIICIOBaHNUS SBISICTCS CHCTEMa B3a-
UMOJICHCTBUS IIEKTPOMarHUTHBIX 3JIEMEHTOB TIPH B3a-
MMHOM JIBHYKCHHH.

[IpemmeToM mccIteOBaHUS SBISCTCS UCCIEIOBA-
HHUE B3aUMOJICHCTBHS MarHUTHBIX MOJICH.

MeTooM UCCICIOBAHUS CITYKUTh I[EIIOCTHO-CH-
CTEMHBIH aHaJIU3 MpPOILECCOB IpPU B3aUMOJECUCTBUU
BO3HUKHOBCHHSA CHJI NpU B3aHMOZ[eI>iCTBPIH IIOABHXK-
HOT'O MAarHUuTHOTI'O I10JI1 C HCIIOABUXKHBIM MArHCTUKOM.

l'umore3a uccienoBanusi. CyIIeCTBYIOT pa3jind-
HBIE METOHABI OIpeIeNieHUs] WHAYKIWH MarHUTHOTO
moist 00BbeKTOB. OCHOBHBIM TIPUHIIMIIOM H3MEpPEHHUS
SIBIISICTCS. KOMITCHCATOPHBIN ITOIXOJ, KOT/Ia CPaBHHUBA-
IOTCSl CHJIOBBIC TTOKA3aTeNId STAJIOHHOTO U HCCIeIye-
MOT0 MarHUTHBIX noJied. [Ipemaraemerit MeTox n3Me-
PEeHUSI HHAYKIUH MarHUTHOTO TIOJISI HATIPABJICH HA U3-
MEPCHUA JUHAMUYCCKHUX XaApPaKTECPHUCTUK CHUIIOBOTO
B3aUMO/ICHCTBUSA MarHUTa ¢ OKpY>Karolleil cpesioi.

Ecnu n3meputs cuily B3aUMOJEHCTBHUS C OKpYyXKa-
IOIeH Cpejioi, TO 1Mo TeopeMe 0 paboTe CHUJIbl MAarHHUT-
HOTO ITOJIA U UBMCHEHUS €TI0 DOHEPIUU MOKHO OIIPEIC-
JIUTb UHAYKIWIO MAarHuTHOT'O ITOJIA. IIHSI 9TOr0 MoTpe-
OyroTcs cienyronye TpUOOpEl U 000pyIOBaHUE:
MOCTOSIHHBIA MarHUT, THHAMOMETP, TMHEHKA.

BrmmonHeHne mporiecca W3MEpPEHHS WHIYKIHH
MarHUTHOTO TOJS COCTOUT W3 TPEX OCHOBHBIX JEH-
CTBHIA:

1. Co3maTh KOHTAKT MOCTOSSHHOTO MarHHUTa ¢ He-
MOJBIDKHON (heppo-MarHUTHOM OKpY’KaIoIIeH Cpeoi.

2. C moMmoImpi0 TAHAMOMETPA H3MEPHUTh CHITY
OTpbIBA MarunTa oT BHEIIHEN Cp€anbl.

3. I/I3MepI/ITI) mionaab KOHTAKTa Mar”Hurta ¢
BHEILIHEH Cpeoi.

BriBo pacu€THO# (hOpMYITBI COCTOUT U3 CICIYFO-
IIMX [IPeoOpa3oBaHUiL:

1). ITo Teopeme 00 M3MEHEHUH SHEPTUN MarHHUT-
HOTO TOJIS ¥ pabOTe CHJI MAaTHUTHOTO TIOJIS CIICTYET:

A(FM/H) = AWM/H .
2). PaboTa cru1 MArHUTHOTO TIOJIS paBHA:
A(FM/H) = FM/H AI

3). V3ameHeHue YHEpTrUy MarHUTHOTO TTOJISI OTIpe-

JIENSIeTCS BEIPAXKECHUEM
AW=ppoH?AV/2,

riae p=1 — oTHOCHTENbHAS MarHUTHAs MPOHUIIAC-
MOCTb BO3/lyXa;

1o=47*107 T'n/M - MarHuTHas IIPOHMIIAEMOCTH Ba-
Kyyma;

AV=S Al — usmeHenue 00béMa MarHMTHO-KOH-
TaKTHOU CpeJibI.

4) ITo VI 3akoHy MakcBeiia cienyer:

2
2— 12,2 142 2_ B
B°= pepu%H"u H =2
TOrZa
_Hyp B2
Fum AI—T.png.SAl

ITosTOMy MHIYKINS MarHUTHOTO TIOJIS paBHA!

BZZZHH(;FM/n uB= ’ZHH(;FM/H.

5) O6paboTka 0a3bl JaHHBIX MOKa3aja, 4To MPU
CWJIe MAarHUTHOTO B3aUMO/JICHCTBUS TOCTOSTHHOTO Mar-
wuta Fywy=93H u nnom@aan MarHUTHOTO B3aWMOJIEH-
ctBust S=22*10% m? WHIYKIUS MAaTHUTHOTO TIOJIS paBHA
B=0,3258 Tm.

6) Pacuér nmorpemHocT! U3MEPEHUA MPOUCXOAUT
10 TPAJAUIIMOHHON METOTUKE C OMpPEHCIICHIEM OTHOCH-
TENHHOM HOTPEIIHOCTH W3MEPEHUH 10 TOJOBUHHOMY
3HAYCHUIO TIOCIIeIHEH 3HaYaIen udpsl.

JlanbHeiimee pemenrne npoOaemMbl UCCIEA0BaHUS
CBA3bIBaeM  C:  0a3uCHO-0000IIEHHON  3Be3/0ii
OpuraMMbl TUIEPIPOCTPAHCTBA JKU3HEIEATEIBHOCTH;
0a31CHO-0000IEHHBIM LIEJIOCTHO-CUCTEMHBIM IIUKIIOM
JKU3HEIEATENLHOCTH, 0a3MCHO-0000MEHHON 3BE30M
OpiraMMbl CUCTEMHOT'O aHanu3a; 0a3ucHO-0000MIEH-
HBIM TIPOSIBIICHUEM IBCHAIIATH 3TANlOB MO3HABATEIb-
HOTO THIIEPIIPOCTPAHCTBA KU3HEICSITCIHPHOCTH OTHO-
CUTEIBHO O00pa30oBaTeIBHOTO TIpoliecca; Oa3UCHO-
0000OIIEHHBIM BEIp2)KCHUEM IBCHAIIATH STAIOB Iie-
JIOCTHO-CHCTEMHOT0 JeiictBus [7, C.27].

3amadya 00 YCTaHOBJICHHH YPOBHS 3arpsi3HCHUS
OKpy’KaloIiel cpenpl B Mporecce MOOMIBHOHM Tere-
(hOHHOIA CBSI3H.

AKTyaJbHOCTh JIAaHHOHM T€MBbI OIpeersieTcs ycTa-
HOBJICHHUEM YPOBHS 3arpsSI3HEHUS OKPYKAIOIIEH CpeIbl
B IIpoliecce MOOHMIIbHOM Tene()OHHOH CBS3H.

OOBEKTOM HCCIIeIOBaHUS SABJSACTCS CUCTEMA B3a-
AMOJICHCTBUS MICTOYHUKOB IIIEKTPOMATHUTHBIX ITOJICH
C OKpY>Karolllel CoLManbHON U NPUPOIHOM cpeoil.

[Ipenqmerom ncciiefoBaHUS SBISCTCS MCCICIOBA-
HUE B3aUMOJICHCTBHS HICTOYHHKOB dJICKTPOMATHUTHBIX
1oJiel ¢ OKpY Karollel CoLUaIbHOU CpesIoi.

MeTtomoM HCCIeIOBaHUS CITY)KUTh IEIOCTHO-CH-
CTEMHBIN aHAIM3 JIUTEPATYPHBIX UCTOUYHHKOB U H3Me-
peHue nercTBrs MOOUIIHLHOW CBS3H Ha OTepaTopa.

I'mmoresa nccnegoBanms. MoOMIBHAS CBSI3b MOIII-
HOCTb J10 4epbIpEX BaTT 0ka3bIBaeT BICOKOE IOHEMO-
TOPHOE J€MCTBHE HAUMHAS C YITHOW PAKOBUHBI IUIOIIA-
Ibio oTBeperus 1,14 cM2,

B l'ocynapcTBeHHOM JOKJIa/ie O CAHUTAPHO-3ITH-
JIEMHOJIOTUYECKON OOCTaHOBKE, 3JCKTPOMArHUTHBIC
OJIsl B peUTHHTEe (PU3HYECKUX (HaKTOPOB, BO3ACHUCTBY-
IONINX HA XXKUTENEeH HACEJCHHBIX IYHKTOB, 3aHUMAET
yeTBepTOe MeCcT0. OCHOBHBIMUA UCTOYHHKAM 3JIEKTPO-
MarHuTHBIX monei (OMII) pamnodacToTHOTO aUamna-
30Ha SIBISTIOTCS PAaIMOTEXHHYCCKHE OOBEKTHI CBS3H,
panuo-TeneBemaHis U pagioHaBUray. Yucio mepe-
JAroInX 00BEKTOB CBSI3U CTPEMHTEIIFHO PACTET, YTO B
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MEPBYIO 0Uepelb 00YCIIOBICHO Pa3BUTHEM CHCTEM MO-
OWJIBHOHM CBSI3M, BKIIOYAIONICH yBEIMUYEHUE KOJIMYe-
CTBa MepenaTYuKoB (0a30BBIX CTAHIIUN COTOBOI CBSI3H
— BC), a Takke peKOHCTPYKIIUIO UMECIOIIUXCS 00BEK-
TOB B LIEJISIX BHEJPCHUSI CHCTEM KOMMYHUKAIIHHA TPETh-
ero (3G) u yerseproro (4G) nmokonenuii. [lox bazo-
BbIMH CTaHIMSIMU TPUHITO TTOHUMATh KOMILJICKC phla-
JMoTiepeialolield  anmnapatrypsl (PeTpaHCIATOPOB U
MIPEEMOTIEPEIaTINKOB), OCYIIESCTBILIONINX CBS3b C CO-
ToBBIMH TenedoHamu. [lo obunHManbHBEIM TaHHBEIM B
MocJeqHee BpeMsl CYIIECTBEHHO YBEIHMYMIOCH YHCIia
W3MEpEHUI AIEKTPOMArHUTHBIX TOJIEH TpH 00ciieno-
BaHUHU PaJANOTEXHUIECKUX 00BEKTOB cBs3u. B 2008 T.
no Poccuu ObLIO TPOBENCHO OKOJO 282 THICSY TaKHX
n3mepenuii, B 2012 r. — 6onee 720 Thicsu. OTO CBUAE-
TENBCTBYET O BO3PACTAIOMICH TMTMEHUYCCKON 3HAYH-
moct OMII, kak ¢akropa, okaspiBarolero Hedaaro-
MIPUSTHOE BIMSIHUE HA HaceleHUe.

Cy1iecTBeHHOE HEraTHUBHOE BO3JICHCTBUE Ha ue-
JIOBEKAa DJICKTPOMATHUTHBIX TIIOJIEH TTOATBEPKAAIOT
odunmanesHele UCTOYHUKH. CUHTAeTCsA JTOKA3aHHBIMHU
3¢ dexTsl B oTHOMIEHUN (HOPMHUPOBAHHS OITyXOJICH To-
JIOBHOTO MO3Ta IPH ITUTEIEHOM HCITOIIb30BAHUH COTO-
BEIX Tene(oHOB. COTOBast CBS3b SIBIACTCS OJHUM H3
HEKOHTPOJIUPYEMBIX HCTOYHHKOB 3JIEKTPOMArHUTHOM
Harpy3Kkd Ha HaceJeHue. B kpymHbIX ropoaax cymmap-
Hast MoutHocTh DOMII aboHeHTCKUX TepMuHanoB U bC
MPEBBINIACT MOIIHOCTh BCEX JAPYIHX PaTUOTEXHHYC-
CKUX 00BEKTOB B amamna3one vactot 300 MI'mp — 3,5
ITo.

Ecimm mpoaHanm3upoBaTh CHTYalHIO yCTAHOBIIC-
HUS YPOBHSA 3arps3HCHUS OKPYKAOIICH CPEIbl B TIPO-
1ecce MOOHMITBHOH Telre(hOHHOM CBSI3U OTHOTO U3 paiio-
HOB KPYITHOTO TOPOJIa OIIEHUTH SKOJIOTHIECKYIO CUTY-
aIMI0 ¥ BO3MOXKHBIE PUCKH IJIS 3M0POBBS] HACEIICHUS B
CBSI3U C 3arps3HEHUEM OKPYIKAIOMIEH CPelbl AIIEKTPO-
MarHuTHbIMH nonisiMu BC. Ha teppuropun cranmapr-
HOTO paiioHa KOTOPOTO CPEeIy BCEX MEepeNaroliux pa-
JIMOTEXHUYECKUX OOBEKTOB MO OTHOCUTEIHHOW 4YHC-
neHHocTu Benymee mecto (84 %) 3ammmaror bC. Ha
TEPPUTOPUH CTAHJAPTHOTO PaioHA MOXKET HAXOAUThCS
1o 112 BC, Ha kax10¥ U3 KOTOPBIX pa3MenieHo ot 1 1o
6 mepenaTunKoB (00IIee KOIHYECTBO NMEPEeaaTINKOB —
486). B cocraB BC BXOmiT mepemaTIMKU pPa3IdiIHBIX
nuana3zoHoB 4yacTtoT oT 390 no 2416 MI'n ¢ uznyuae-
Mol MomHocThI0 0T 0,5 1o 80 BT. Ha Teppuropuu paii-
ona bC pacronararoTcsi B OCHOBHOM Ha KPBIIIAX JKU-
JIBIX TOMOB.

DNEeKTPOMarHUTHOE 3arps3HEHHe TEePPUTOPUHU
palioHa OIIEHWBAllM Ha OCHOBE JAHHBIX O IJIOTHOCTH
notoka »Hepruu (II[1D) smekTpoMarHUTHOTO MO
(BMII). Pacuer Hamo aHAINM3UPOBATH AJIS TPEX BHICOT
—2, 15 130 M OT TOBEPXHOCTH 3eMJIH, IS y4éTa CH-
HEPrHYEeCKOe B3aMMOJCHCTBHE (PAKTOPOB OKpYKaro-
el cpeasl.

LenocTtHO-cUCTEMHOE pelIeHHe AaHHOW Mpo-
OneMbl CBsI3BIBAaETCS C: 0a3UCHO-0000IEHHOI 3BE3 101
OpIraMmbl THIIEPIPOCTPAHCTBA KUIHEACATSILHOCTH,
0a31CHO-0000MIEHHBIM IIETIOCTHO-CHCTEMHBIM [IUKIOM
JKM3HENEATEILHOCTH; 0a3MCHO-0000MEHHON 3BE300M
DpIraMMbl CHCTEMHOTO aHaim3a; 0a3MCHO-0000IIEH-

HBIM IIPOSIBJICHHEM JABCHAALATH 3TaroB U GopM 1mo3Ha-
BaTEJILHOTO THIIEPIPOCTPAHCTBA JKU3HEIESATEIBHOCTH
OTHOCHTENIFHO 00pa3oBaTeNIbHOTO TMpoliecca; Oasuc-
HBIM BBIP@)KEHHEM JBEHAJIIATH JTAloB IIEJIOCTHO-CH-
CTEeMHOTO JieiicTBus [8, €.48].

[Tpu 3TOM Ba)XKHO PACKPBITH BCIO CTPYKTYPY Kax-
JIOTO IIPOCTPAaHCTBA OTHOCUTEIBHO YCTaHOBJICHUS
YPOBHS 3arpsi3HEHHs] OKPY KAIOLIeH cpebl B Ipoliecce
MoOunpHOW TenmeoHHOU cBsa3u. [lociemoBarenbHas
CTPYKTypa CHCTEMHOI'0 aHaJlM3a MpoOJeMbl HauyWHa-
€TCsl C YCTAaHOBJIICHHUS YPOBHS 3arpsS3HEHUs OKpPYIKaro-
mIei cpesl B poliecce MOOMIbHON TeneOHHOI CBSI3N
Kak cHCTeMBlL. Jlaee mpeACTaBIAIOTCS YCIOBHS YPOBHS
3arpsi3HEHUs] OKpY’Kalollel cpeasl B Mpolecce Mo-
OmnbHON TenedoHHOW CBs3U. MccnmenyloTcst menocrt-
HBIE CBOICTBa 3arps3HEHUs] OKpYXKaloliedl cpensl B
mporecce MOOUIBHOM Tele()OHHOU CBSI3U OTHOCH-
TCJIBbHO IMPOCTPAHCTBEHHBIX, BPECMCHHBIX, CUJIOBBIX H
SHEPreTUYECKUX IoKazaTeseld. YTo Mo3BoNseT uccie-
JIOBaTh CHUCTEMHbIC CBOWCTBA YPOBHS 3arpsi3HCHHS
OKpY’Karolleil cpelpl B Ipolecce MOOMIBHON Tele-
(OHHOIA CBSA3M.
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AHoTanis

POSI‘J’IHHyTO ABULIC MOMNEPCUYHOro pE30HAHCY Ta MOMNCPCUYHUX CTOAYUX XBUJIb, IO MAIOTh MiCIle B 3aBI/ITIli
Byxa XMBHX icTOT. [TokazaHo, 1110 meperyMOBOIO X BUHUKHEHHS € ()OpMa 3aBUTKH, sIKa MPEJCTaBIIsiE COOOI0 KO-
HIYHY aKyCTHUHY TpyOKy 3aKpydeHy B CIIipaib, [0 Ma€ HEOJHOPIIHOCTI Ha CBOiM BHYTpIlIHIN noBepxHi. Taka
KOHCTPYK].Iiﬂ 3aBUTKH JO3BOJIAE€ NIPOBOAUTH aHai3 CKJIaJOBUX 3BYKOBUX CHTHAJIIB T10 TUITY aHani3aT0pa CIICKTpa
TIPY BiATIOBiNHIN iHTepIIpeTamii (i3MyHIX MPOIIECiB, MO BiIOYBAIOTHCS B ByCi. 3pOOJICHO TaKOK BHCHOBOK, IIO
MepeTHHYACTHH Ta0ipuHT (CepeaHs MPOTOKA), MO CKIIANAETHCS 3 CHCTEMH MEMOpaH Ta KOPTiiBOTO OpTraHy € JIHIIC
CHCTEMOI0 300py Ta MiACWICHHS iH(opMaIlii BOPOIOBXK 3aBUTKH, a BCE pa30M J03BOJISIE CTBOPUTH HOBY MaKCH-
MaJIbHO HpaB,I[OHOZ[i6Hy XBUJIIBOBY MOJCIIb CHYXOBOI CHCTEMH KUBHUX ICTOT.

Abstract

The phenomenon of transverse resonance and transverse standing waves in the cochlea of living beings is
considered. It is shown that the cause of their occurrence is the shape of the curl, which is a conical acoustic tube,
twisted into a spiral, which has inhomogeneities on its inner surface. This design of the cochlea makes it possible
to analyze the components of sound signals like a spectrum analyzer with an appropriate interpretation of the
physical processes occurring in the ear. It was also concluded that the membranous labyrinth (middle canal), con-
sisting of a system of membranes and the organ of Corti, is only a system for collecting and amplifying information
during a curl, and all together allows us to create a new maximally plausible wave model of the auditory system

of living beings.

Konarouosi cioBa: 3aButka, MemOpana PeiiccHepa, 6asnmnspHa MeMOpaHa, MONEpedHN Pe30HaHC, MpPYKHA
XBHJISI, ODKyda XBWJIS, CTOSTYa XBHJIS, XBHJIS 3CYBY, 4acTOTa, Pi3HUII 9acTOT, THCK, BHYTPIIIIHE BYXO, CEpEIHE

BYXO.

Keywords: cochlea, Reissner's membrane, basilar membrane, transverse resonance, elastic wave, traveling
wave, standing wave, shear wave, frequency, frequency difference, pressure, inner ear, middle ear.

Beryn. PiBeHp HUBiII30BaHOCTI cycriyibcTBa 0Oa-
raTto B YOMY BU3HAUYA€ThCS CTABJIECHHSM MO0 JI0 MPO-
rpaIrHoi B COI[iaIbHOMY CTaTyCi rPpyIH HACEICHHS, 30-
Kpema 0 JIIoJeH 3 0OMeXeHUMH (PYHKI[IOHATEHUMHU
MOJKJIMBOCTSIMH, IXHIX ciMelt Tommo. [Ipobiema BTpaTn
30py € aKTyaJbHOIO y BCiX KpaiHax. 3a manumu Bcec-
BITHBOI Oprasizalii OXOpOHHU 3JJ0pOB's B CBITI Haidy-
€TbCS OM3BKO MOHA 285 MIIH. JIIOJIeH 3 OPYIICHHAM
30py, 3 HUX 45 MuH. noBHicTIO ciimi. [Ipubmm3zno 90%
JFO/IeH, SKi CTPaKJAar0Th Bifl MOPYIIEHb 30pY, )KUBYTh
B KpaiHaX, 10 po3BUBaIOTECI. B Ykpaini TouHOi oi-
MiHHOT CTATHCTUKH IIOI0 KUTLKOCTI JIFOCH 3 MOPYIIIeH-
HSMH 30py HEMae, 3a HeopimiHHUME JaHUMH - IIe TIPH-
6mu3Ho 100 THC. 0Ci0, 3 HMX moHax 10 THC. - aiTH, a 1X
YHCIIO MOCTIHHO 301IBIIYETHCS. 3ayBasKMMO, 110 MPO-
OneMa iHTerpamnii B coliyM oci0 i3 Bajamu 30py Mae
KOMIUIEKCHHUH, MYJIbTHIUCIUILTIHADHUA XapakTep 1 €
3araJlbHUM TPEeIMETHHM II0JIEM Pi3HMX HaykK: (i3uKH,
KiOCpHETHKH, COIIOJOTil, Je(eKToNOorii, MEIUIIHHHY,
TE€HETHKH, 3arabHOI, CIIeNIaabHOI 1 COIIabHOT IICHXO0-
JI0Ti1, COMiambHOI Ta KOPEKIIIIHOT TIeIaroriKy.

3a3Ha4nMoO, MO0 HaHaKTyaJIbHIMIOK MPOOIEMOIO
ocib i3 BamamMu 30py € TpoOiieMa opi€eHTaIlii B HaBKO-
JWMIIHBOMY CEPEJOBHILI Ta CIIPHHHSTTS CBITY JFObMH.

Xou 3apa3 B CBITI iCHY€ y)Ke 3HAUHUHN apceHall cMapT-
CHCTEM 3 eJIEMEHTAMU IITYYHOTO IHTENeKTY, alie Hai-
OUIBIII APTUKYJIHOBAHUI MOIMMKT, MO MPEJACTABICHUAN B
cdepi KUTTENISUTEHOCTI JIIOJMHA 3 BaJaMH 30pYy, HE €
3a70BojIeHUM. Lle 00yMOBIEHO THM, II0 HAa CHOTOMHI
HEMae €IMHOI JOCTOBIpHOI Teopii [ 1], 1o mosicHroe BCi
ACTIEKTH CIIPUHHSTTS 3BYKY JIFOJIMHOI0. J{esKi 3 icHyIo-
YHUX TeOpiil: cTpyHHa Teopis ['enbMmronbua; Teopis 6i-
xydoi xBuiti bekemn; mikpooHHa Teopist; eneKTpome-
XaHIYHA TeOopisl; He € YUCTO (iI3NIHUMH, a TICHXO0AKYC-
THYHMMH MOJEJSIMH, WO 3aCHOBaHI Ha JaHHX
JIOCITIKeHB, 10 MPOBOAATHCS MEAWKAMHM Ha PI3HUX
JOASX, @ TOMY He 30iraroTecs 3 610¢i3UK0I0 Byxa, TakK
SK IIe Ma€ MicClle B TeXHIYHHUX cucTemax. Lle B cBowO
Yepry He Ja€ MOXIJIMBOCTI CTBOPUTH HEOOXiIHI 3ac00n
peabiniTanii mroneit 3 Bazamu 30py.

OCHOBHUM HEJIOJIIKOM iCHYFOUUX TEOpil CIyXy €
Te, MI0 BOHM PO3MIIAJAIOTH TIIBKM OKpPEMi aCIeKTH
CITyXY JIFOJIMHU HE BPaXOBYIOUH caMy Oy/IOBY ByXa JIO-
JVHU B CyKynHOCTI. [Ipy IbOMY BHHMKAIOTH psiJ IH-
TaHb Ha SIKi I1i Teopii He JAIOTh BiAMOBIII.

1. SIkmo y 3aBHUTII ByXa PO3MOBCIOIKYETHCS
3BYKOBA XBHJIS, a 11 MBHUIKICTh B IEpriIiMdi, KOO 3a-
TMOBHEHUH ii KaHan cTaHOBHUTH MpuOmM3HO 1500 M/cex.,



The scientific heritage No 75 (2021)

41

TO, CKa)XXiMo, 11l BUMipy 9actotu B 100 I'r HeoOXimHO
MaTH JTOBKHHY 3aBHTKH IO KpaiHiit mipi 15m, abu 3a-
(ixcyBaTH X04a O OMH NEPioA 1i€l YaCTOTH, B TOI Yac
SIK MOro JOBXHHA CKJIagac BChboro Jmm 3.2 cM. Ocki-
JILKA B BIAIIOBIZHOCTI 3 TE€3010 HEBHU3HA4YeHOCTI I eii-
3eHOepra, OJJHOYaCHO MOMIPSATH aMIUTITYAy CUTHAIY i
HOro 4acToTy HE MOXJIMBO, TO II€ ITOBHHHA 3pOOHMTH
HEeWpOHHA MEPEeXX MO3KY JIFOIMHHU 32 JIOTIOMOTOIO JIYH-
nmpHAKA 9acy. OHAK TaKi «IpUiIagm» B HEHPOHHINA Me-
Pexi MO3KY TeX HE BUSBIICHO.

2. Yowmy nmabipHHT paBIHKa CKPYICHHUH B CITi-
pans?

3. Yowmy meii mabipuaT Mae popMy KOHyca?

4. Yomy BiH NOAIJICHUI HAa TPU KaHAIN BOMA
MeMOpaHamu, MeMOpaHoro PeiiccHepa 1 Ga3usipHOIO
MeMOpaHo10?

Bich6vnapHuff1 Kan?n 3ABUTKU

NPUCIHKOBI CXOAM

monotouok KOBAAGNKO

30BHILLIHE BYXO

bapabaHHa nepeTuHKa

5. SIxuM 9MHOM HEHPOHM MO3KY JIIOJUHH, Yac-
TOTAa CTIPAIfOBaHHS SKHX JISKUTH B MianazoHi 1 k[,
BCTHUT'alOTh BiACHiANTH YacToTu 10 20 kI'1, sKmo B
BIZIMOBITHOCTI 10 Teopemu LlleHHOHa 1151 yacToTa
CIIpalOBaHHs HEHPOHA MOBUHHA OyTH 110 KpanHiit
Mipi 40 k['u?

I ue manexo He Bci MUTaHHS Ha Ki HE Ma€ JIOCTO-
BipHOI BIAMOBIi/Ii, TOMY po3ryisiHeMo OyaoBy Byxa [2],
sIKa CXeMaTHYHO MOKa3aHa Ha puc. 1.

3 pHuCyHKa BHIHO, IO BYXO CKIIANAETHCS 3 TPHOX
YacTWH 30BHINTHHOTO ByXa, CEPEIHBOTO ByXa 3 Oapa-
0aHHOIO MEPETHUHKOI0, MOJOTOYKOM, KOBAICIKOM, Ta
CTpEMiHIIEM Ta BHYTPIIIHBOTO BYyXa, SIKAM € 3aBUTKa
(paBiHK) Jic MPOXOIUTH aHAIII3 3BYKOBUX cUrHaMiB. Ka-
HaJI paBJIKa a00 KiCTKOBHUI JIAOIpHHT € CIUTIONICHUN
KOHYC, puc.2

cepeaHil KaHan 33BUTKK (cepenHi cxoau)

nepmnim(ba 7

HapabaHHuit KaHan 33BUTKK
(6apabanHi cxoam)

CepHeaHe BYX0

Puc. 1. Cxemamuyna 6yooea 8yxa moOuHU i MeXAHI3M CRPULHAMNA 38YKY JTHOOUHOIO.

Puc 2. Byodosa xicmkoeoi 3asumxu.
1 - niocmasa 3aeumku, 2 - kynoa 3a6umxu, 3 - CMpudICeHb 3a8UMKU, 4 - KiCmKko6a CHipaibHa niacmunKa, 5 -
CRIpanbHULl KAHA 3a8umKu, 6 — eecmubyasapHi cxoou , 7 - bapabanti cxoou, 8 - 2a40K CRIPAIbHOL NIACMUHKU.

KicTkoBuii maGipuHT - 11e KicTKOBa 000JI0HKA 3Ha-
YHOI OIITFHOCTI, €IMHA KICTKOBA CTPYKTYypa OpraHizmy,
B AKii HE MPUITMHAETHCS MEXaHI3M NepeOyT0BH KiCTKH.
Y 3aBHUTII KiCTKOBA YaCTHHA IIPE/ICTABIICHA BEPETEHOM
1 ClIipaJIbHAM KaHAJIOM PAaBJIMKa, 2,5 pa3u OTOUYIOUUM
BepeTeHo. CripalbHUH KaHall PaBIMKOBOTO X0y PO3-
Jinserscst Ha 3 mpocBiTH kaHaiy. [Ipucinok abo BecTH-
OyJIsipHUIA KaHaJl 3aBUTKH (BeCTUOYJISIpHI cX01H), 3'€-
HaHWi1 3 OBaJIbHUM BIKHOM, Ta CTBOPEHUH MEMOpaHOI0
PeliccHepa paBIMKOBOIO X0ay Ta KiCTKOBOIO O0OJIOH-
Koo xomy. bapabGanHi cxomum, 3akpuTi Oa3HISPHOIO
MeMOpaHoI0 Ta KpyrauM BikHOM (puc. 1). bapabanni

CXOJM Ta MPHUCIHOK 3alOBHEHI PiIWHOIO, TaK 3BAHOIO
neprmiM}oro. BoHN 3'€ THYIOTECS Ha BEPXiBIIi 3aBUTKH
reqikoTpemoto. [lepeTnHuacTa 4yacTHHA 3aBUTKH YTBO-
PpIO€ cripaibHUA PaBIMKOBUN XiJl, SKM Ma€e Ha TOIe-
peuHoOMy po3pi3i popMy TpHKYTHHKA, yTBOPEHOTO 3ra-
JaHUMH OOOJIOHKaMHM: 3HM3Y - Oa3mIsIpHOIO MeMOpa-
HOI0, 3BepXy - MeMOpaHoro PeliccHepa. PaBmukoBuit
XiJl, pO3TaloBaHuii MiX BecTHOYIsipHUMU 1 OapabaH-
HUMH CXOJJaMH YTBOPIOE T.3B. CEPEIHI CXOAHU (TIepeTH-
HYacTHH 1abipuHT), HaMOBHEHY eHponiMdoro. Bin 3a-
KiH9Y€ThCA 3 000X CTOPIH CIIMMMHU KiHIIMH: BrOpi,
MIPUJICTIINX JI0 TeTIKOTPEMH, a BHU3Y — JI0 TIPHUCIHKA.
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OcHoBHA yacTuHa. Tenep MOXXKHA JTaTH iHTEPII-
peTariio MpUHIUIY POOOTH CIYXOBOTO aHaji3aTopa,
KOPHUCTYIOUHCh METO/IOM YSBHOT'O €KCIIEPUMEHTY, 110
4acTO BUKOPUCTOBYETBCS B PI3HHUX Tally3siX 3HaHb, SK
TeopeTHYHil (i3uii, 61070Tii TOIIO, Ta MAKCUMATBHOT
MpaBIONoiOHOCTI (PiI3UYHUX MPOIIECIB, 10 TPOXOAATH
B BycCi, TaKk siK 0auuTh Lii MPOLIECH iH)KEHEP-aKyCTHUK.
Bukianemo X y BUII A€SKUX TOCTYJIATIB, IO MOSCHS-
IOTh IO POOOTY.

1. JrogmHa HE cmpuiiMae 3BYKOBi CHTHaiH Oe3-
nocepeiHb0. BoHa mepeTBOpIOE 3BYKOBI KOJIMBAHHS B
KOJINBAaHHS PiAWHYU 3aBUTKH BHYTPIIIHHOTO ByXa, Bi-
nmoMi B (izmmi mix Ha3Boto XBWIIH 3cyBY[3]. Lle 0Oymo-
BJICHO THM, III0 3BYKOBI XBHJII CEPEHLOTO ByXa 0e31o-
cepeHbO HE MOXKYTh OyTH TepelaHi B piAMHY, SKOIO

MOAOTOHOK

3BYKOBa Xeunsa

3allOBHEHO BHYTPIIIHE BYXO, TaK SK 3BYKOBAa XBHIJISA
BiIOMBaETHCA BiX po3ainy cepenoBuml. ToOTO 3ByKOBa
XBHJISI TaK MPSIMO HE TOTIA/1a€ B BECTUOYJISIPHUM KaHal
3aBUTKH.

2. IlepeTBopeHHS 3ByKOBUX KOJMBaHb B XBUJIIO B
nepuiTiMdi 31IHCHIOETHCS CEpeTHIM ByXOM JIFOJIHH, J1e
€ BCl HEOOXIi/IHI «IHCTPYMEHTH» sSIK OapabaHHa epeTu-
HKa, 1110 CHPHUIMae 3ByKOBI KOJHMBAHHS, BaXUIb y BHU-
TSI IBOX CIYXOBHX KiCTOYOK (MOJOTOYOK, KOBaje-
JIKO) 1 CTPEMIHIIE, SIKE € TUM MOPIIEHBKOM, M0 PO3XH-
Tye nepuiniM(y B KaHAJTi 3aBUTKH 1 YTBOPIOE TIPYKHY
XBITIO, pUC. 3. Ll XBUISA CTBOPIOETHCS MEMOPAHOIO
Peticcaepa 3a paxyHOK ii eTaCTHIHHX BIACTUBOCTEH i €
MIPOTOTHUIIOM BiZIOMOI B MEIMIIMHI ITyJICOBOT XBHJI.

~-KOBaAenko

crpemiHue

npy»X»Ha xsuns

membpaHa PeliccHepa

— ‘/. - &
BapabaHHa n'épemm(a \ \\

Puc 3. Mexanizm nepemsopenns 36yK060i X8Uili 8 NPYIHCHY XGUTIIO.

3. Bixyua npy»Ha XBUITIO, YTBOPEHA MEMOPaHOIO
PeiiccHepa 3 OJHAKOBOI E€ACTUYHICTIO Ha MPOTSA3I
BCi€i CBO€T TOBXKWHHU, Ma€ IIBUIKICTh, 10 CTAHOBHUTb
npubiu3Ho 4-5 M/CeK. , Ha BiAMIHY BiJ HMIBUAKOCTI
3BYKy B piauHi 1500m/cex. Lle go3BosmII0 MiHITIOpI3Y-
BaTH CJIyXOBY CHCTEMY JIIOJIMHH, B HIIOMY BHIIQJIKy
JIOBXKHMHA KaHaJly 3aBUTKU NOBUHHA OyTH HE MEHIIIE Jie-
csitka MeTpiB. [Ipo iCHyBaHHS TakMX XBWJIb CBIIYHTH
pobora BukoHaHa B yHiBepcutetTi Pokdemnepa CIIA
[4].

A B

o]@

4. 3BykoBa XBWIS SBISE COOOH IO3JOBXHIO
XBUITIO, B SIKil KOJNIMBaHHS BiIOYBaIOTHCS B3IOBXK Ha-
npsMKY morupenHs. [IpykHa & XBWIIS, IO YTBOPIO-
€ThCs HAa MeMOpani Peitccuepa [4], € momepedHOO XBH-
JIet0, B SIKIf KOJIMBaHHS BiJIOYBAIOTHCS B HANPSMI 1ep-
MEHJUKYJISIPHOMY JI0 HanpsIMKy TOLIMPEHHS XBWIII,
puc. 4. Lle cTBOpIOE NIEpEIyMOBH JI0 YTBOPEHHS MOIIe-
PEYHMX XBHJIb 3CYBY B KaHaji 3aBUTKH.

RM

S 1,
()
L)
3

Puc. 4. I[lonepeuna npysicna xeuns Ha membpani Peticcuepa.

5. [pyxHi KOMUBAHHS, II0 BUHUKAIOThH BII PYXY
CTpEMIHIII 3a PAaxyHOK TMPYXKHUX BJIACTUBOCTEH
PeticcaepoBoii MeMOpaHH, MOMUPIOIOTECS Y3/I0BX Be-

CTHOYJISIPHOTO KaHANy 3aBUTKH [0 TEIIKOTPEMH y BU-
sl Oiky4ol xButi. YacTHHA XBUITI BiJOMBAETHCSI BiJl
TeTIKOTPEMH, & YaCTHHA XBHIJII TPOXOTUTH Yepe3 OTBIp
B remikoTpeMu. Bigbura xBuis 3MiHIOE cBOIO (pazy Ha
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180°, B TO# Yac SIK XBHJISL, 1110 IPOXOIUTH T€IIKOTPEMY,
HE 3MiHIO€ CBOIO (a3y. Tox, BimOnuTa XBHIS B BECTHOY-
JSIPHHUX CXOJax 1 mpsMa XBWISA B OapabaHHHMX cXolax
KOMIICHCYIOTh OJIHA OJJHY B CEPEIHIX CXOJax CIIipab-

BECTRAYNABHRA HEHAN

rerlipana PelcoHepa
CTIpEMbLE |

o

d0dfeH e OIHRD aHEanimda

. NpAALA XBIAA
= —

-

HOTO 3aBUTKOBOTO X0y Mi>K PeficcHepoBoii 1 6a3usip-
HOT MeMOpaHaMH i B KaHaJi 3aBUTKA HEMae BiOUTOI
XBUII, puc. 5. TakuM YMHOM, EBOJIOLISA TpPUAyMala
MIPOCTHH croci® koMIieHcalii BiIOUTOT XB1Ili 3a paxy-
HOK BIJIIIOBITHOTO JiaMeTpa OTBOPY T€IIKOTPEMHU.
HICTAME HMF.F!H:I AANETEH

|
BIAOHTS XBMAA |

e |

WAYINE DIKHD negrnivga

GapaGamni canap

Em:mnnp-ln mewfpana

] .
-~
han FRAHOT P

npoRigHs

Puc. 5. Komnencayis iobumoi xeui.

6. Ilomepewyna ckmajgoBa ODKy4Oi XBHII, SKa
yTBOpeHa MeMOpaHolo PeiiccHepa, B cepenHix cxomax
PaBJIMKOBOTO X0y POXOIUTB CKPi3b OA3HIAPHY MEM-
OpaHy B MOPOXXHUHY OapabaHHHUX CXOJIB, ¢ BiJACTaHb
MK 0a3WIIIPHOI0 MEMOPaHOI0 Ta BHYTPIIIHBOIO KiCT-
KOBOIO TTIOBEPXHEI0 3MEHIIYETHCS 32 PaXyHOK Jedop-
Manii MeMOpaHH KpyrJIoro BiKHA, OCKUIBKH IEpHIIi-
Ma, K piiuHa, HE CTUCKAETHCS, alie € B s13kot0. Jlami
11 XBUJISL BiJIOMBA€ETHCS BiJ KICTKOBOI MOBEpXHi Oapa-
0OaHHUX CXOIIB 1 TOBEPTAETHCS Ha3a/1 Yepe3 Oa3mIpHy
MeMOpaHy, IPOXOIUTh TIOPOKHUHY CEPEIHIX CXOMIB 1
BEpTaEThCA uepe3 MeMOpaHy PeliccHepa B MOPOKHUHY
BECTHOYJIIPHUX CXOIB. Y TOMY MICIIi, Je TIONIepEeIHUI
nepepi3 KaHary 3aBUTKH (1 JiamMeTp) ITOpiBHIOE TOJIO-

BHUHI Z[OB)KI/IHi XBI/IJ'Ii, YTBOPIOETHCA CTOSAYA XBUJIA, PUC
membBpaHa peldccHepa

6, OCKUIBKM B KOHIYHOMY II€PETHHI 3aBHTKH 3a’KIH
3HAUAETHCS MiAXOIAIINI ONIepEeYHI TIepepis3 3 Jiame-
tpoM D= A/2. B naHoMy BHIIaJKy MaeMO IO 3 BiJ0-
MHM SIBHIIIEM TIOIIEPEYHOTO pe3oHaHcy [6].
7. Hexaii piBHSHHS IPsIMOT MONEPEYHOT XBUI

Mae BT $1= A cos (ot + 0] ) , @ BimouToi S;=Acos(
ot -p(D)), ne ¢ - da3a npsamoi nomepeynoi XBumi, a
¢(D) — da3za Biabutoi xBuI, 0 € QYHKINEO Tiame-
Tpa MOIMEPEYHOTO Mepepi3y KaHaly 3aBUTKH, a A Ti
ammtityaa. Toni X cymma

s= s1+ 5= 2A cos(p- ¢(D)/2) cos (Ot +(p+ p(D)/2

KicTAHa Nnosepxa pasnMKa

mebpaHa PeiliccHepa

iniameTp D

eHaonimda

BecTHBYNAPHMWIA KaHan

_~TTOAYa XBHUAA

l

N,

BasznnAapHa membpaHa

/
nepunimda t /
/

BaszunapHa membpaHa

renuKoTpema
BapabaHHi cxoam

Puc. 6. Mexanizm ymeopenus cmoauoi xeuni 6 Kauai 3a6Umxu.

3 pOT0 BUpa3sy BUIHO, 1110 wieH 2Ac0S(p- ¢p(D)/2)
MPEJICTABIISIE AMILTITYy IIbOTO KOJMBaHHS, a COS (
+(p+ ¢(D)/2) omucye camuii KOJHMBAJIBLHHMN IPOIIEC.
OueBuHO, 1110 KoJu pisHuie (a3 (¢- ¢(D)/2) B 3anex-
HOCTI Bij liaMeTpa KaHaTy 3aBUTKH OyJie piBHOIO HYJIIO
TO, SIKpa3, B bOMY MiCIli MU i MAEMO TOTIEPEYHUH pe-
30HaHC, 00 amIumiTyna Oyne B IbOMY Micui HaiOLIb-
oo i piBHOI 2A. OYEBHIHO TaKOX, IO BiIIalsIO-
YHUCh BiJI 3a3HAYCHOTO MICII I aMIUTiITyJa Oyxae ma-
JIaTH 32 KOCHHYCHUM 3aKOHOM i B TOMY TIOIICPECYHOMY

nepepi3i KaHaJTy 3aBUTKH, A€ PI3HHUIL OHUX (a3 cTaHe
piBHOIO 90°, Tam OyJie aMITTITY 12, IO JOPIBHIOE HYIIIO.
Bignansirounch gani mporo Micis MU 0y1eMo crioctepi-
raTy 3HOBY 30iJbIICHHS aMIUTITyIN KOJWBaHb. Ll aM-
IUTITY/Ia 3HOBY JIOCSITHE MakCHUMYMY B TOMY IOTIeped-
HOMYy Tiepepisi ae BiH Oyme kpataum D= 2*A/2 i Tak
naii. O4eBHIHO 1110 B MU MaeMO CIIpaBy 3 iHTepepeH-
€0 XBWIb 3¢yBY [3], TOOTO YepryBaHHSIM MaKCHMY-
MiB Ta MiHiMyMiB. Lle Oyne BUIIIAgaTH Tak, sSIK MOKa-
3aHO Ha puc. 7 (maTepH (y30p) CTOAYOT XBUIIL).
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Mewm6pana PeiiccHepa |

KosMBaHHS B [IUX TOYKAX BiICyTHE
(amIuriTyna piBHa HyJIIO)

[epexinHa 30Ha 3MEHIICHHS/
30UTBIICHHS AMILTITY K

Crosiua XBHIIL
(06acTh MAKCUMAIIBHOT aMILTITY 1)

Puc. 7. [lamepn (pucynox) cmosiuoi xeuni gixcosanoi uacmomu.

8. 3ayBakMMO, 110 B TOYKaX MaKCUMyMy aMILIi-
TYJH BY3JIM CTOSTYOT XBUJIi OyyTh 3HAXOAUTHCS Ha Ki-
CTKOBIiil MOBEPXHI KaHaIly 3aBUTKH, B TOW 4Yac SIK B I1e-
PEeXinHii 30HI MU IILOTO CKa3aTH HE MOXEMO, OCKUTBKA
HEMa€ JaHUX TPO MIBHIKICTH ODKYYOI XBHIII B MEM-
Opawni PeticcHepa. OnHak 1e He Tak y’Ke 1 BAXKHO, a Ba-
JKHO T€ B TOYKaX MIHIMyMy i MakcuMmyMy Oyxe crabi-
JBHAN TIporiec 1 Ii Todku OyIyTh MpHB’sA3aHi, K Ka-
KYTbh, 0 CBOTO MICIIs, TOOTO X 3aB)KIU MOXKHA TOYHO
Bu3HauMTH. Tofi nBi MeMOpaHu, MmeMOpana Peiicaepa
Ta 0asuisgpHa MeMOpaHa, OyyTh CHHXPOHHO KOJIUBa-
THUCS B LIUX MICLSX, OJTHAK 3 PI3HUMH aJie NOCTIHHIUMHU

membpaHa PeiicHepa
%

6aszunsapHa membpaHa
~

¢azamu. IlocriiiHa pizHuLs (a3 B TOUKAX MaKCUMyMy
Ta MiHIMyMy, (TOOTO B 00JacTi CTOS4OI XBUJII) CTBO-
PHUTH Maibke MOCTIHHUN THCK MK LMMU MeMOpaHaMu
B cepenHix cxoxax, puc.8. Lle B cBoro uepry npusese
JI0 MaibKe MOCTIHHOro, Ha Yac KOJIMBAHHS, YaCTKOBOTO
00’eMy piguHHA (€HIOMIM(H) MiXK IUMHI MEMOpaHaMH 1,
SK HACNJOK, MOCTIffHOrO Ha 4ac KOJNWBAHHS 3apsty
mi€el qinaaky piauHA. L BemmauHa 3apsiry YATA€THCS
BOJIOCKOBUMH KIJIITHHAMH Oa3wiisipHOi MeMOpaHH 1 1e-
penaeThes Aani HelpoHaM CIIyXOBOi CHCTEMH.

TUCK MiXX membBpaHamm

Puc. 8. 3anesicnicmo mucky misic memobpanoio Peticcuepa ma 6a3unsipnoio Mmemopanor

9. OCKUIBKH MPOTSKHICTh CAMUX 3BYKOBUX CHUT-
HAJIIB, SIKi CIIPHAMAIOTHCS )KHBUMH 1CTOTaMH B 9aci, BiJ
20Mcex It MOBHHUX CHUTHANIB 0 200MceKk My3HIHHX
3BYKiB, 3HAYHO OLIBIIAa HiX MEpiogu HOro CKIaJOBHX
4acToT, aje BeMYMHA THCKY MK MeMOpaHamu Oyne
Maiike IMOCTIHHO Ha MPOTS3i Yacy il TOTO Y iHIIIOTO
3BYKOBOI'O CUTHaJly, TO 3a TAKUI 4ac HEHPOHHA Mepexa
MO3KY 39HTa€ iX XapaKTePHCTUKH MO KpaiHiil mipi 20
pa3, BUXOAM9M 3 MBHAKOAII HeiponiB B 1 kI'm, y3ro-
JUKYIOUH, TAKUM YAHOM, HEJOCTAdy IX MIBUAKO/III.

10. 3a3Ha4MMO TaKOX, IO 3TraJyBaHa BUIIE iHTE-
pdepeHtist He Moxe OyTH choTorpaOBaHOK MIBHIIKI-
CHOIO KaMepoIo, TakK SIK 116 MH MOKEMO 3pOOUTH ISt

XBHUIIb CBiTIIa, 00 BOHA PO3BUBAETHCS B YacCi 1 HANIPSMY
OB ’s13aHA 3 MIBUIKICTIO ODKydol XBWII B MeMOpaHi
Peticcaepa. ToOTO MaKCHMyMH aMIDTITYTHUX 3HAYCHB
CTOSIYMX XBHJIb 32 KOCHHYCHHM 3aKOHOM, TIPO SIKHH ro-
BOPHJIOCS BHIIIE, HE € OJTHOUYACHUMH, a € e i QyHKIi-
SIMU 4acy. 3 Ipyroi CTOPOHM YepryBaHHS IIUX MaKCH-
MyMiB OisbIIe Haraaye mporec 61Ky4nx BOTHIB, a I1e B
CBOIO Uepry CTBOpPIOE 103it0 Oixy4oi XBWII B 0a3u-
TspHINA MemMOpaHi, 110 1 6yi0 BU3HaUeHO qociigamu be-
xemw. To6To Oikydoi XBui B 6a3miIsipHilt MeMOpaHi B
KJIACHYHOMY ii pO3yMiHHI HEMae, a ii 11103150 CTBOPIOE
B3a€MO/Iisl IONIEPEYHMX CTOSYMX XBHIIb B KaHAJI 3aBH-
TKH pHuc. 9, 3amo3uueHuii 3 [4].
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Puc. 9. Konusanunsa 6azunspnoi memopanu
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11. Bubpapmu aBa OJU3BKUX HiaMeTpa Momeped-
HOTO Iepepi3y XOIy 3aBHTKH, SKHH HpeICTaBIsi€ CO-
0010 KOHYC, B CIIBBIHOIIICHH] OJJMH 10 JBOX 1 po30u-
BIIIY LIIO AUTSHKY [[bOTO X0y 12 piBHHMX 4acTHH, OTpH-
MaeMO B IMX NEPETHHAX CTOSYl XBHJII 3 JOBXKHWHAMHU,
110 BiJITOBIJIAIOTh YaCTOTaMH HOTHOTO PSJY, TOOTO

fia/fi= &2

OKTaBa

P

KinmbkicTh 9acToT IIi€i MIISTHKYA € OKTaBOIO, PHC.
10. Ilpu iboMy, 11 CHiBBiZHOIICHHSI, PO3MOIiICHE TI0
JIOBXKWHI 3aBUTKU MPUB’sI3aHE, SIK KaXKYTh, IO MICIs B
MerKaX 3a3HaYeHOT0 CIIBBITHOLICHHS, € MaiiKe JiHiH-
HUM (TIOMHUJIKA KOJMBAETHCS B COTHX YacTKaxX MiliMe-
Tpa). TakuM 4YMHOM, caMme KOHiYHa (hopMa 3aBUTKH 1
JIa€ MOXKJIMBICTh aHAII3yBaTH YaCTOTHUH CKJIa]l 3BYKO-
BHX CHTHAJIB.

>d_

[~2d

i

[
Puc. 10. Po3noodin 0osarcun xeéuns (wacmom) 6 kanani sasumxu (di=Al2=d 4\2/5 )

12. Jlromuaa noOpe po3pi3Hs€ My3W4HI TBOPH,
TOOTO BOHA TOCHTh TOYHO BH3HAYA€ YACTOTH HOTHOT'O
psny. Lle o3Havae, 10 OOPOTHICTB, a pa30M 3 TUM BH-

0ipKOBICTB (TOOTO 3AaTHICTH PO3PI3HATH) CIIYXOBOI CH-
CTEMH JIIOAMHU € JOCUTHh BUCOKOIO 1 BU3HAYAETHLCS Ha-
CTYITHHM CIIiBBiTHOIICHHSIM

Q= (i) 2x( Fua- £)= (it X2 % 1)) 2x(Z/2 w1 )=+ Z/2 yox(¥/2 1) m 17,32, )

[TacuBHI cucTeMu, a ByXO JIOJWHHU € TTACHBHOIO
CHCTEMOIO, OCKIIbKH HE Ma€ B CBOEMY CKJIAJII ITi ICHITIO-
I0YHX €JIEMEHTIB, MalOTh AOOPOTHICTH Ha piBHI 1-2 i
TUIBKK SIBUILE TONEPEYHOTO PE30HAHCY JIO03BOJISIE
OTpHUMATH TaKy JOOpOTHicTh. He Bukinkae Tex noBipu
TBEPKCHHS, 1110 3B's13aHI MiXK COOO0 JKUBI KIIITHHU Oa-
3WIAPHOT MeMOpaHU MaloTh Taky JOOPOTHICTB, OCKi-
JBKY HE BUIHO 13-3a 9OTO MOXKe OyTH ITiACHIICHHS CHT-
HaIly TOH 4ac, sIK B CTOSYiA XBHWJII MEpUINi ii mepiof
30UIBIITyEe aMIUTITYy CHTHaly BABiUi. A mami e Oi-
JblIe, TIOKM HE HacTaHe PiBHOBara MiX HMPHUIUIUBOM
eHeprii 3 ODKy4oi XBWIII Ta BTpaTaMu Ili€l eHeprii Ha
BHYTpIIIHE TepTsl B nepwiiMdi, K y B’A3Kii piauHi.
Crostua XBHJIA BeJie ce0e 5K ,,40pHa Aipa’” HOTTHHAIOYH
eHeprito 61Ky4oi XBUIIi, TOMy B XBUJIEBOJIaX € T1apa3u-
THHUM SIBHLIEM, L0 MOPYUIYE HOro HOpMaibHy poOOTY,
a eBOJIIOL[sSI HABIAaKK, 3po0Ouiia I KOPUCHUM SIBHIIEM.
ToOTo Takuii mpolec MOKHA OTOTOKHIOBATH 3 pOOO-
TOIO BIJIOMOTO PEXEKTOPHOTO (iIbTpa, MO MOTIIMHAE
EHEprif0 OKPeMOol YacTOTH HEe BIUIMBAIOYM Ha iHII i
MIHPOKO BUKOPHCTOBYETHCS B PaIiOTEXHIIII.

13. Bimpmricte MozeNel ByXa po3risigac 3aBUTKY
ByXa B PO3TOPHYTOMY BH/i, BBa)KarO4yH, IO CKpy4YeHa

B CIIipaib 3aBUTKA, pHC. 2, HE BIUIMBAE HA CYTHICTP (i-
3UYHHUX MPOLECIB, IO BiIOYBAIOTHCS B BHYTPILIHEOMY
Byci [5]. OnHak 1e He Tak. Crnuparo4uch Ha JOCII-
JOKEHHS OTOAKYCTHYHOI eMicii, 1[0 MPOBEJICHI CIiBPO-
OiTHuKamu yHiBepcutery Poxdennepa [4], XBuis 1m0
YTBOPIOEThCSI B MeMOpaHi PeliccHepa € cdepuuHOio
xBuiero, puc. 4-B. Ile nokopiHHO MiHsS€ CyTh Jina.
Cdepuuna xBuIs e XBIIISA, GPOHT K01 € ceporo. Be-
KTOp (pa30BOI MIBHUIKOCTI CPEpUIHOI XBHII PO3XO-
JUTHCS 1 OPIEHTOBAHUI B pagialbHOMY HAIPSMKY BiJl
JpKepena (XBIISL PaliallbHO PO3XOIUTBCS Bij IKepena
abo cxomuThCs - A0 keperna). Tomi B momepedHOMY
HEepeTUHI KOHyCa 3aBUTKUH MH OyJIeMO MaTd KpyroBy
XBHJIIO, OOMEKEHOI0 BHYTPILIHBOIO IMOBEPXHEI Ka-
HaJly 3aBHTKH, IKY MOXKHa i1ocTpyBatH puc. 10, 3amno-
3MYEHUM 3 IHTEpHETpecypcy
ttps://www.slideshare.net/AlexVoronkin/3-10848108.
OueBKHO, 110 EHeprisi KPyroBol XBMIIi, 1110 € MepeTH-
HOM c(epHyHOI XBHIIi, B IIbOMY MicIIi, Oye 30epirati
CBO€E 3HAUYCHHS 33 BUKIIOYCHHSAM BTpaT HA TEPTS B pi-
auHi. OfHAK, KO 3aBUTKA ByXa Majia O po3ropHyTHI
BHJI, TO CTOSYO1 cpepraHOi XBIIII He icCHyBaio 0w, 00 Ti
EHepris po3TiKanacs OU 1Mo BCill TOBKUHI 3aBUTKH PUC.
12 a.

Puc. 11. Kpyeosa xeuns 6 nepemuni 3a6umxu.
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HicTHOBa NMOBEPXHA 3aBUTKMK

FaBMTHA

pOoOHT
HEKAi

Puc. 12 a - pozeopuyma 3aéumxa Puc. 12 6 — ckpyuena 6 cnipans

Aute eBoJIIONIS BUPILIMIIA LIO TpolieMy, 3aKpyTH-
BIIIM KOHYC 3aBUTKH B CIIpalb TAKUM YHHOM, 1100 KYT
MaIal0vyoi XBUIII JOPIBHIOBAB OM KYTy BiIOMTOT XBHIII,
II0 03BOJISIE KyTipyBaTH (c(hOKycyBaTh) eHeprito che-
puuHOi xBuIIi, puc. 12 6. TomMy To 3aBHTKa i Mae KOHi-
YHY CIipaisHy hopMmy.

14. Po3Mipu 3aBUTKH, i1 JOBKUHA, KyT KOHyca 3a-
BUTKH BiJ JIIOAWHM 10 JIIOAWHH BapitotoThea. Hampn-
KJaJ, BOHA MOXK€ MaTH Pi3Hy IOBXHHY Bii 2.8 cM 10
3.4 cM, TommIO. 3aBUTKA TAKOX 3aJICKUTh Bifl BIKY JItO-
JIUHH, BOHA POCTE Pa3oM 3 JIFOAUHOMW 1 T.i. Tozl BUHH-
Ka€ MUTaHHS BiJTHOCHO YOTO BYXO CIIPUHMAE YacTOTH
3BYKOBUX CHI'HANIB. AJIe 1 TYT €BOJIOLIS ,,IpuaymMana’”
crnoci6 #oro BupilieHHs. Po3risiHEMO Temep cepenHe
BYXO, pHC.]l. MOPOXXHIHA CEPEIHbOTO ByXa, € PO3Mi-
IIYIOTHCSI MOJIOTOYOK, KOBAJIETIKO Ta CTPEMIHIIE, € 3a-
MKHYTHM IIPOCTOPOM, a, OTXKE, € PE30HATOPOM (pe30-
HatopoM ['enpmronbua). Ile o3Havae mo 3a paxyHOK
€Heprii ITyMiB HABKOJIHMIITHHOTO CEPEeIOBHIIA B i MO-
POXXHHHI MalOTh MicIle KOJIMBaHHS, 00yMOBJIEHI pe3o-
HAaHCHMMH BJIACTHBOCTSIMH Ili€i MOPOXXHWUHM, a TOY-
Himre ii po3mipamu. 1i koauBaHHsS 00yMOBJICHI pe30Ha-
HCOM Ii€i TIOPOKHUHK NPUBOJATH B Ait0 1 GapabaHHY
MEPETUHKY, SIKa B COI0 Yepry CTBOPIOE 3a3HAuCHUI
BUIIIE TIOTIEPEYHUN PE30HAHC B 3aBUTII. Taku YMHOM B
3aBMTII € 3aBK/IM CTOSYA XBUJIA. 11 BiACYTHICTB MpUBO-
JIUTH JIIOAVHY /10 HECIIOKOIO, OCKIUJIBKH JIIOJIMHA BTpa-
4ae CcBOI 3BYKOBi OpieHTHpH. 3 Ipyroi CTOPOHH, HasB-
HICTB IIMX KOJIMBaHb MPUBOJUTH JI0 CTOSYOT XBHJII B 3a-
BUTII, fKa €, TaK OM MOBHTH, IIOYATKOM BIIIIIKY,
OTIOPHHM CHUTHAJIOM, 200 TOYHIIIE IMOYaTKOM KOOPIH-

HarT, BIJIHOCHO SIKUX BEIETHCS MOAANBIINN aHATI3 qpy-
T'MX CUTHAJIIB, OCKUIBKH ISl YaCTOTa KOJIMBAaHb € CTabi-
JIBHOIO 1, SIK 3a3HAa4ajiocs, BU3HA4YaeTbcsd (i3MUHHUMU
pO3MipaMH MOPOXKHUHHU CEPEAHBOTO ByXa. Takum 4u-
HOM, BYXO caMo cebe Kaniopye, TOOTO CTBOPIOE CBOIO
BIACHy IUKaTy JUIi BUMIPIOBAaHHS, SKa KOHKPETHO
MpUB’s3aHa 10 BU3HAUEHOTO Ha OaswsapHiil MeMOpaHi
MicCIIsl, KOTpE 3araM'ssTOBY€ThCSI HEHPOHHOIO MEPEXEI0
CI[yXOBO{ CHCTEMH JIIOANHH.

15. BuHMKa€e MUTaHHS, SKUM YMHOM MU BHU3Haya-
€MO YacTOTH CHMTHAJNIB, SIKI IPUXOIATH y HAIlle BYXO,
KOJIM MU HE NPUB'SI3yEMOCS A0 SIKOT He Oynb BioMol
JUIsL BCIX 4acTOTH. AJle 1ie He BaxkHO. JIrouHa CrpHii-
Mae He abCONIOTHE 3HAYEHHsS YacTOTH, a 11 BiZHOCHE
3HaueHHs1. Tak He BUHHUKAE MOJMBY, KOJIU MU CITyXaeMO
Ty 9H iHIITY MO0, 0 MOYMHAETHCA 3 TOI UM IHIIOT
ToHaNBbHOCTI. CydacHI My3W4Hi iHCTpYMEHTH, MAarOuu
TEeMIICPOBAaHHUN CTPi, TO3BOJIIOTH MOYATH Ty UM 1HIITY
MEJIOif0 3 OyIb-SIKOi HOTH 1 MU II0 MEJIOMII0 PO3yMi-
emo. Tak caMo MM pO3yMiEMO MOBY, HE3aJEXKHO Bin
TOTO XTO TOBOPUTH YOJIOBIK, XiHKa a0o auTs. ToOTo,
BIJIHOCHE CIIPUHHSTTS 4aCTOTH 3BYKY € HOPMaJbHUM
SIBUILIEM 1 OCHOBHUM KPHTEpiEM € He abCONIOTHE 3Ha-
YeHHsI 1[i€] pe30HaHCHOT YacTOTH CEPeHbOTO ByXa, a il
CTaOUIbHICTh HA MPOTSI3i 3HAYHOTO Yacy.

16. Jlani BUHHKAE 1€ OJHE MTUTAHHS, IKUM YHHOM
1151 YacTOTa BPaxoBY€eThcs ByXoM. Toi 3BepHEMOCS 110
aMILTITYJHOI XapaKTepUCTUKHN OapaOaHHOT MePEeTHHKH.
Ha puc. 13 nmoka3ana 115t XapakTepHCTHKA B 3aJI€XKHOCT1
BiJI aMILTITy i CUTHATY [7], 110 MOCTymae 3 HAaBKOJIH-
IIHBOTO CEPEOBHIIIA.
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Puc.13. 3anesicnicmo migie 2yynicmio ma pignem eyunocmi 6apabannoi nepemuHKu.

3 OO PUCYHKA BUIHO MIO I JIoTapuQMidHa 3a-
JIEKHICTh 1 Taka ¢opMa ii moB’s3aHa 3 HEOOXiIHICTIO
3MEHINEHHSI TUHAMIYHOTO [iala3oHy BXiJHOTO CHT-
Hally Ta 3aXHCTy CIyXOBOI CHCTEMH BiJ| IlepeBaHTa-
KEHHS, OCKIJIbKM HaAMIpHUI CHTHAJ MOXE NPHBECTH
JI0 BTPATH CIyXy. A 3 Ipyroi CTOPOHH 3 Teopii BUMipIo-
BaHb BiJIOMO, 1110 KOJIK TpeOa NpaBHIILHO MOMIPSTH Ya-
CTOTY, TO HEOOXiIHO cTabini3yBaTu amIUITYIy CHI-
Haity. | HaBnaku, Koy Tpeba NpaBUIILHO HOMIPSATH aM-
IUIITYAy LbOTO CUrHaly Tpeba crabimizyBaTtd ioro

4acTOTy i I1e BCe MPSIMO BUTIKA€ 3 MIPUHINITY HEBU3HA-
yeHocti ['efizenOepra. TakuM umHOM, IO (QYHKIIIIO
TeX BUKOHY€e OapabanHa mepeTuHka. OJHaK BOHA Mae
HENTiHIHHY XapaKTepUCTHKY. A 3 Kypcy pamioTexXHiKd
BIJIOMO, SIKIIIO HAa HEJTIHIMHUN €JIEMEHT IMOJaTH JBa CH-
THAJIM Pi3HOI 9aCTOTH (B HAIIIOMY BHITAAKY CUTHAI 3 4a-
CTOTOI0 PE30HAHCY MOPOXKHUHU CEPEAHBOTO ByXa Ta
CHTHAJl 3 HABKOJMIIHBOTO CEPEJOBUINA) TO BHUHUKA-
I0OTh, XOYEMO MH LILOI0 Y HE XO4YeMO, KOMOIHALIHHI
yacroru tumy fr - fs i fr + fs, ne B Hamomy Bunazaky fr—
4acTOTa PE30HAHCY MOPOXKHUHHM CEPEJHBOrO ByXa, a
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fs_- gacToTa curHamy 3 HaBKOJIMIIHBOTO CEPEIOBHILA.
OCKUTBKY 3aBUTKA € aHATII3aTOPOM HU3BKHUX YaCTOT, TO
BOHA CIIpUHMAa€E TUIBKM HU3BKO YacTOTHY CKJIAJIOBY,
T00TO fr - f5 . 3 TOUKH 30py PamIOTEXHIKH MU MAEMO CY-
NepreTepoAnHHIA MpUiMad NPSMOTo NEepeTBOPEHHSI.
Hawm 3pmaeThest, o My npuayMaity 1ied npuiiMad, ane,
SIK BUSIBIISIETHCS], €BOJIIOLIISI BXKE JABHO HUM KOPHUCTY-
€TBCSL.

17. na minTBepmkeHHs (akTy aHAi3y pi3HHII
YaCTOT 3aBUTKOO PO3IIITHEMO PO3IIOI YaCTOT BOBX
Oa3mIsipHOI MEMOpaHH, 3HATOTO 33 IPUHIIAIIOM ,,90p-
HOTO SImuKa” [7], TOOTO MOAETHCS €TATIOHHNUN CUTHAI
Harepe/ BU3HAYeHO1 YacTOTH 1 (hiKCcyeThCs peakis Oa-

a
cTpemiHue | A\
Vs » N 3 \-.\700 w
A ~—
\ 5

N\
GasunapHa
membpana

7000 'y

5000 'y

3WIIpHOI MeMOpanw, puc. 14. 3 mporo pucynka 14a Bu-
JTHO, TIIO 11l 9aCTOTH PO3MIIIICHI He PIBHOMIPHO, HU3bKI
YaCcTOTH PO3pi/KeHi, a BUCOKI 3rymieHi. Bucoki yac-
TOTH PO3MIILIEH]I B INUPOKil YaCTHHI 3aBUTKH, a HU3bKI
B By3bKiil. O/lHaK 11e BCTyIa€ B IPOTUPITYS 3 SIBUILIEM
TIOTIEPEYHOT0 PE30HAHCY a TAaKOX 3 TEOPI€I0 CUTHAIIB
[8], 3 sIKOi BUTIKAE, IO YUM BUINA YACTOTA CUTHAITY THM
LIMPIIY CMYTY YacTOT 3aliMa€ TaKMii CUTHAJI, MU B Ja-
HOMY BHIIaJKy Ma€eMO BCEe HABIAKW Takuil pO3MOIN,
puc. 146, iHTepnpeTyeThCA THUM, IO Oa3MIAPHA MEM-
OpaHa Ma€e pe30HAHCHI BIACTHBOCTI (Ha KIITANT CTPYH
pOsUTIO) 1 Ha Wi BIACTHBOCTI OyIyeThCs BUOIPKOBICTH
cucteMH B mijoMy. OCKUTBKH I1i XapaKTePUCTHKH 3HATI
6e3

T 20 kMe

Puc. 14. Po3nodin wacmom 60062 6a3uispHoi memoparu.

BpaxyBaHHS PI3HUII YaCTOT, TO MAEMO TTOMHJIIKO-
BUI1 pO3MO/IiI yacToT abo 103110, 1110 OB’ sI3aHa 3 Me-
TOJIOM ,,90pHOTO SIIUKa”. SIKIIO MU BpaxyeMo pi3-
HHIIIO 9acTOT, TO OyIeMO MaTH HaCTYITHUI pe3ybTaT.
OCKINTbKY 3aBUTKA CIIpUMa€e Pi3HUIIO YacToT, TO Be-
JUKY PI3HUIO 9acTOT (BUCOKI YacTOTH) BOHA CIIPHIA-
Ma€ B BY3bKiif YaCTHHI CBOTO KaHAIy, a Mally Pi3HUIIIO
(HM3BKi 9acTOTH) B MIMPOKIH i1 YaCTHHI y BiIIOBiTHO-
CTi 710 SIBHINIA TTOTIEPEYHOTO PE30HAHCY. SIKIIO pi3HMIL
4acToT Oy/ie MaJlolo, TO 1ie 03HAaYae 110 Ha BXiJ| CIIyXO-
BOI CUCTEMH MOJAHO CUTHAJI BUCOKOI 4acTOTH 1 1i Bigk-
JMK 3adikcyeThes B IIMPOKiH ii 4yacTuHi, TOOTO Ha ca-
MOMY BXOJIi 3aBUTKHU. SIKIIO Pi3HML 4acToT Oyxae Be-
JMKOIO TO 1€ O3Ha4ae, 110 Ha BXiJ MOJAHO HU3BKY
4acToTy 1 11 BIAKINK 3aiKCYEThCS B YK€ BY3bKill dac-
TrHI KaHary. OTxe (akTHIHO YacTOTH Ha PUCYHKY 14a
i 146 tpeba mominsaTu Micipmu. Tam ge 50 I'p tpeba
noctaButh 20 k1. i HaBmaku. Toi BCe y3roKy€eThCs
3 TEOPIE€r0 CUTHAITIB.

18. 3ayBaxkumo, 1m0 6a3mwispHa MeMOpaHa Mae He
OJTHAKOBY €JIACTUYHICTH 1 IMPHHY. Tak Ha BXO/i 3aBU-
TKH, JIe 32 HAUIMMH JaHUMH aHaTi3yI0ThCsl HU3bKOYAC-
TOTHI CHTHAJIM BOHA Ma€ OLTBITY >KOPCTKICTB 1 MEHIITY
MIMPHHY Ta 1 e OiJIbIlle TOBCTA, a Ha BEPIIUHI 3aBUTKH
BOHA LIMPIIIA, TOHIIA Ta HE TaKa )KOPCTKA OCKUIBKH TYT
aHAMI3YIOTHCSI BUCOKOYACTOTHI CHTHANIHM. AJjie Taka ii
KOHCTPYKIIiSl TPOJIMKTOBaHAa HE PE30HAHCHHMH BJac-
THUBOCTSIMH. 3TrafaeMo, 110 HPHHIMII HEBU3HAYEHOCTI
IefizenOepra TBEpANTS, 110 OJJHOYACHO BU3HAYHUTH aM-
IUTITYy CUTHAIY Ta HOro 4acToTy HeMoxuBo. Toni
JUISl BU3HAYCHHS YaCTOTH TaKWH CUTHaJ Tpeba MpoHO-
pMyBaTH, TOOTO BHpIBHATH HOTO aMILTITYQy Ha Je-
SKOMY cTajomy piBHi. bapabanHa mepeTHHKa YaCTKOBO
BHKOHYE ITI0 (QYHKIIiIO, ajie He Ha JOCTATHHOMY PiBHI.
Xoua yorapuMyBaHHS 1 3BY)Ky€ AWHAMIUYHUHN miarma-
30H, aJIe BCE PIBHO BEJIMKA aMIUTITyna Oyze OibIIoio

yuM Maina amiutityaa. 1o koMneHcyBaTu Lie eBosto-
uist 1 BuOpana taky OazwisipHy MeMOpaHy 1 3 TaKMMHU
BJIACTHUBOCTSIMHU, puc. 140. A AKIIO BpaxyBaTH IIe i 3a-
TyxaHHs Oikydoi XxBwii B MemOpaHi PeiiccHepa, To
Taka Gopma O0a3mwIsIpHOI MeMOpaHH B KiHIIEBOMY paxy-
HKY BHPIBHIOE, K KQXXyTh CIIEIIalliCTH 3 00pOOKH CHUT-
HAJTiB, HEPIBHOMIPHICTh aKyCTUYHOI aMIDTITyIHO-Yac-
TOTHOT XapaKTEPUCTHKHU 3aBUTKH.

BucHoBku. OT)xe HacTaB 4ac ITiABECTH AEAKI IIi-
JCYMKH B I1iii po0OOTI i BOHM MOXXYTb O J€II0 OyTH He-
crioiBaHuMU. Tak 3 TOMOMOI0I0 METO/Y YSIBHOTO €KC-
HNEePUMEHTY Ta MaKCUMaJIbHOT paBaonoAioHoCTI (i3u-
YHUX HPOLECIB, @ TAKOXK CIUPAIOYUCH HA PE3YJIbTaTH
BEJIMKOI KIUIBKOCTI JOCTIJKEHb (DI3UUHUX MPOLECIB
BHYTPIIIHBOTO ByXa, 0 BUKOHAHI TOCIITHUKAMH B pi-
3HUX KyTOUYKax IUIaHETH, BAAJIOCS OIMCATH SIBHIIE I10-
MIEPEYHOTO PE30HAHCY, CTOSi C()epUIHI XBHUIII B 3aBU-
TIi ByXa JIOAWHU 1 MOSCHUTH NMPUYUHHO HACIIIKOBY
KOHCTPYKIIIIO caMOro ByXa, 1[0 BUTIKA€ i3 X CaMHX
(i3UYHKNX TIPOIECiB, 110 MAIOTh MicCIle B 3aBUTLI. 3a-
3BUYAN YSIBHHH EKCIIEPHMEHT TOJi JIMIIEe Mae CeHC,
AKIIO BAAETHCS Horo Bepr(ikyBaTH (i3WIHUM EKcIie-
pUMEHTOM. A ui MOXKHa 1ie 3poouTn? Tak, Ha 11e Mo-
JKHA TaTH CTBEPIHY BiAMOBiAb. 7 HOTO PO3TIITHEMO
3aBHTKY Byxa 6e3 MmeMmOpaH i oprany Koptis, mpocTo six
KOHIUHY aKyCTHYHY TpyOKy, 3aKpydeHy B CIIipas,
pHc.2, siKa € CBOEPITHUM ajie 3BUYaiHUM XBHJICBOIOM.
Ha BHyTpimHil KiCTKOBIH MMOBEpXHI I1i€] 3aBUTKH € BH-
cTymu (TpeOiHYMKH, CXiMIi, 3BIAKH 1 MOXOAUTH Ha3Ba
BecTHOYISIpHI cxoau, 6bapabanHi cxomu 1 T. 1.). Lli cxi-
JIlli CTBOPIOIOTH HEOOXiHY HEPIBHOMIPHICTh BHYTPIIII-
HBOI MOBEPXHI 3aBUTKH. A yMOBOIO IOSIBU IOTIEpEY-
HOTO PE30HAHCY i € I1i ogHOpigHOCTI. B poboTi He mpu-
BOJATHCS (POPMYJH IBOTO PE30HAHCY, OCKUIBKH iX
MO>KHA 3HANTH BiNIOBIIHIM JIiTEpaTypi IO XBHIIEBOIaM
[6]. Ane TyT BaxkHO Te, IO KOJIM SIBUIIE MTONEPETHOIO
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PE30HAHCY € B XBHJICBOJAX, TO XOYEMO MU 4YH HE XO-
4eMo, 11e SBUIIIEC € 1 B 3aBUTII ByXa.

TakuM 4MHOM, TIPHPOJA YU E€BOJIIOLIS CTBOpHIIA
YHIKJIBHUH MpUCTPiil (pouecop), mo po3kianae Oi-
JKy4y XBUJIIO Ha CKJIQJIOBI Y BUIIIAJI CTOSYMX IOIEpe-
YHUX XBWJIb 1 THM CaMHM IIPOBOJUTH CHEKTPAJIbHUIA
aHaJi3 CUTHAJIB, NPH BIAMOBIIHINA iHTEpIpeTanii ux
npoueciB. Toni cucrema MeMOpaH Ta KOPTIiB OpraH €
BCHOTO JIMIII CUCTEMOI0 300py iHpopmarii (6azumspHa
MeMOpaHa, KOpTiiB OpraH), MACWICHHI Ta HOPMY-
BaHH: (MemOpaHa PeiiccHepa) ams mepenadi ii B Heli-
POHHY MepeXy MO3KYy, OCKUIBKH ii 3HA4YeHHS MOXKe
MaTH Maiy BelnuuHy. [lepeTnHKoBa CTpyKTypa 6as3u-
JsIpHOT MeMOpaHu (TIoTepeydHi BOJIOKHA 1 MEPEeTHHKO-
BUI1 Ta0IpUHT) NPUIAIOTH BUMIPIOBaHHIM JAUCKPETHUI
Xapakrep.

3a3Ha4uMO TaKOXK, III0 TBEP/PKEHHS, 1110 B PIAKHX
1 Ta30MoMiOHUX CEepeJOBUILAX MOXKE MOIIUPIOBATUCS
TIIBKH OJJMH THIT MPYKHHUX XBIIb - MO3JI0BXKHI XBHUIII,
HE € BIpHHUM, OCKUTBKH ITO3JOBXHS XBHJIA 3aBXAU MA€
1 IoTIepeyYHy CKJIaJioBa, aje il BeTMYMHA MaJla i M HEI0
MOXKEMO 3HEXTYBATH B TOMY YM IHIIOMY BHIagKy. €
BUIIAJIKH 1[0 BOHA ce0e JOCUTB SBHO IPOSBIISE 5K B IO~
MIEPEYHOMY PE30HAHCI TaK 1 B mudpakmii (OTHHAHHA)
XBHIIb. TaK sIK 1 HEMA€ CTPOTUX CTOSYNX XBUJIb, 3aBXKIH
€ JIOMiIIok 6ixy4oi xBui [9].

I HapemTi Tpeba ckazaTH, 1O JIOACTBO OYJI0 OJH-
3bKHM JI0 TOTO, 1100 iHTEpIpPETYBaTH poOOTy 3aBUTKH
3a JIOIIOMOTO0 CTOSIYMX XBHWIIb, MAETHCS TEOPIst CTOS-
unx xBuib EBanbaa [10]. Cyts mi€l Teopii B ToMy, 110
i Yyac pyxy BCEpeIHY 3aBUTKH i HA30BHI CTPEMIHIIE
NPH HAIXOJDKSHHI aKyCTUYHOTO CUTHATY B 3aJIS)KHOCTI
BiJl WOTO CKJAaTHOCTI CTBOPIOE TakK 3BaHI "3BYKOBI
Omoxu" (maTepHH) B TepruIiMQi 3aBUTKH y BHTIIAAL
"cTOBIMIMKIB nepritiMpu" Mixk 6a3aIbHO0 MEMOPaHOO
i cTpeMiHIieM. B 3anexxHOCTI Big KOH]Iryparii akycTu-
YHOTO CHI'HAY LI "CTOBINUYHUKH" MalOTh pi3Hy Gopmy i,
BIJITIOBIZIHO, CTBOPIOBATHMYTh PIi3HOTO poiay "Bizepy-
HKHU'" KOJIMBaHHS yciel 0a3aibHOT MEMOpaHH y BUIIISI
CTOSTYMX XBHJIb. 3TIJHO 3 II€I0 TEOPIEI0 yCsi iHpopma-
IisI IIPO YacTOTY 1 IHTEHCUBHICTh aKyCTHYHOI'O KOJIHU-
BaHHs, SIK 1 B TeneoOHHIH Teopii, BIAHOCUTHCS M0

cdhepu ail BUIUX CTPYKTYP CIYXOBOI CHCTEMI, IO HE
MiATBEpAMIOCS Hajgam. Y 3B'SI3Ky 3 UM Teopis EBa-
JbJIa HE OTpUMaja CyTTEBOTO 3HAUYCHHS 1 HAa ChOTOJHI
SIBJISIE TIJIBKH ICTOPUYHHI 1HTEpEC.
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Abstract

The study was carried out on 60 white Wistar rats, simulating a surgical wound. The rats were divided into 5
groups of 10 rats each. Group 1 is control - rats from this group were made an incision on the sidewall, abdominal
wall, followed by natural healing within 10 days; Group 2 - an incision followed by the use of chitosan ointment;
Group 3 - the wound was exposed to photostimulation treated with methylene blue; Group 4 - physical activity in
the postoperative period on a treadmill for 30 minutes; Group 5 - complex application of chitosan, photostimula-

tion, and physical activity.

Wound healing was recorded by determining the area, photo-fixation of the wound, and histological exami-

nations of the skin and internal organs were performed.

Outcomes obtained: The best wound healing according to planimetry and histological studies was significant
observed in group 5 with the complex treatment of the surgical wound.
Conclusions: The rehabilitation complex for large surgical wounds should include previously local effects of

physiotherapeutic procedures and physical activity.

Keywords: surgical wound, rehabilitation, chitosan, photomodulation, and physical exercises.

The problem of effective healing of postoperative
wounds is clear to every surgeon. Inflammation of the
wound up to the suture line disruption is very common
and often negates the effectiveness of the operation it-
self [10, 14]. Many ointments and surgical dressings are
offered to prevent inflammation, in particular, based on
chitosan [1, 2, 4, 6, 8, 12, and 13]. In addition, a proven
fact is the effectiveness of the use in the early rehabili-
tation period of local exposure to the wound of physio-
therapeutic procedures, in particular laser light therapy,
polarized light, and photomodulation of the wound sur-
face with stains with tropism to certain microbes [3, 5,
7]. There is evidence of an anti-inflammatory effect of
low-intensity physical exercises in surgical wounds,
while high-intensity exercises do not accelerate wound
healing, at least against the background of diabetes
mellitus [11, 15]. It has been shown that photomodula-
tion enhances the anti-inflammatory effect of chitosan
[9]. The above is most clearly reflected in surgical in-
terventions on the abdominal wall [8, 16].

The aim of the work is to evaluate the effect of a
complex of chitosan, photomodulation with methylene
blue, and physical exercises on the postoperative
wound healing in white rats in comparison with a natu-
ral process and an isolated action.

Material and Methods

The effect of a complex of chitosan, photomodu-
lation with methylene blue, and physical exercises on
the postoperative wound healing was studied in an ex-
periment with 60 white rats of both sexes weighing
130-189 g. The animals are divided into 5 groups of 10
rats. Group 1 is control - rats from this group were made
an incision on the sidewall, abdominal wall, followed

by natural healing within 10 days; Group 2 - an incision
followed by the use of chitosan ointment; Group 3 - the
wound was exposed to photostimulation treated with
methylene blue; Group 4 - physical activity in the post-
operative period on a treadmill for 30 minutes; Group
5 - complex application of chitosan, photostimulation,
and physical activity. Wound healing was recorded by
photographing by determining the area and speed of
wound healing. On day 10, the animals were Killed un-
der hexenal anesthesia. The severity of lympho-leuko-
cyte infiltration, plethora was determined, and the pres-
ence of dystrophy of internal organs was also observed
on histological skin sections stained with hematoxylin
and eosin. The cellular composition of the separated
wound was determined on Pap smears stained accord-
ing to Romanowsky-Giemsa.

Outcomes Obtained and their Discussion

There were no deaths of rats. The initial area of the
wound with a line disruption by 3 mm and an incision
length of 30 mm was 90 mm?2. On the second day, the
wound area slightly increased in all groups (Table 1).
Wound serous drainage was observed. The edges and
bottom are edematous, hyperemic. Neutrophils in the
experimental group are from 20 to 37%, lymphocytes -
38 - 39%, macrophages - 25 - 42%. On day 10, neutro-
phils remain the main cellular component (45%) in the
wound fluid in control rats, with slightly fewer lympho-
cytes, which indicates the chronicity of the process, and
macrophages are a minor fraction. In the group with the
combined effect of three factors, a significantly lower
number of leukocytes are found than in the groups with
an isolated action.
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Table 1.
Surgical wound area (mm?) for different methods of surgical wound rehabilitation in rats
Group 2 days 5 days 7 days 10 days
1 129424 389+36** 365425 221+£18**
2 130+£30 231+31%* * 210+£20% 90£15%* *
3 115429 216+30%* * 215+£20% 1224+18%** *
4 1214+22 207+31%* * 211+£22% Q8L27** *
5 122425 219+20%* * 199+18* 48+16%* *
Note:
* - the difference compared with the control group is significant, p<0,05;
** - the difference compared to the previous period is significant, p<0,05.
Table 2.
Dynamics of the wound cytological composition (in%)
with different methods of surgical wound rehabilitation in rats
Group 5 days 10 days
Neutroph. Lymph. Macroph. Neutroph. Lymph. Macroph.
1 92+2 4 4+1.3 2.9+0.9 43+2.1 41+1.9 14+1.8
2 36+2.5 37+2.6 26+2.2 14.5+1.3 46+2.2 37+2.1
3 37+2.3 37+2.3 24+2.3 12+1.3 40+2.1 48+2.1
4 33+£3.1 35+2.8 26+2.6 13.5+1.3 41.5+1.7 45+2.1
5 21+2.1 37+2.2 43+2.3 8.8+1.2 42.1+2.2 51+2.3
Note:

* - the difference compared with the control group is significant, p<0,05;
** - the difference compared to the previous period is significant, p<0,05.

Conclusions: Thus, the data obtained indicate that
moderate physical activity enhances the anti-inflamma-
tory effect of chitosan and photomodulation. Extrapo-
lating to the clinic, we can say that the rehabilitation
complex for large surgical wounds should include early
local impact of physiotherapy procedures and physical
exercises on the wound.
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In this paper, a model of an optically active isotropic dielectric, quartz, is determined. Applying the Maxwell

equation and the Dirac delta function, we obtain that in a microdisperse medium @ = @), , the spatial resonance
at is added to the time atomic field resonance at @ = @, and the frequency of the spatial resonance @, corresponds
to the wavelength A, It is found that for the breaking index, the N, = 0 frequencyuacrora is equal (2, to., and

in the interval between €2, and QOo N2 < 0 corresponds to the region of absorption by the dielectric of the

external electromagnetic field.

Moving from frequencies and wavenumbers to wavelengths by the formulas A, = 2aC/ @y, A, = 271K,

, defined, for quartz @, =3.0x10®c™, 1, =0.06 microns. and 0.02 microns < | < 0.41of microns,
Consequently, one-dimensional optical solitons can be formed in such a medium at a given wave length one-

dimensional optical solitons.

Keywords: dielectric, Maxwell's equation, Laplace operator, Dirac delta function, quartz, microhomogene-
ity, microgranules, optical solitons, heterogeneous medium.

Let us consider when microgranules of an opti-
cally active dielectric are chaotically quasi-uniformly
and isotropically mixed in a solid-state matrix charac-
terized by a static refractive Ningex nm. In this case, the
root-square size of the granules d is much smaller than
the root-square distance between them. Each granule
will be considered an isotropic dielectric, which will al-
low us to ignore tensor and vector quantities for de-
pendent variables, since the direction of polarization P
of the isotropic dielectric is parallel to the direction of
the pulsed electric field E. And given the equation Max-
well [1], we get:

N2 0°E 4z 0°P
AE-— =77

c” ot c” ot
where Alis the Laplace operator, and t is time.

1)

Letd <<, dielectric granules can be considered
as point particles, then:

P(r,t) = Z D(r, ,t)5(r -, ) @)

where 5([' - I’j )is the Dirac delta function.

D(r;,t) - dipole moment J -of the granule;
r- its radius-vector; I - radius-vector of the ob-

servation point.
Under the conditions of our problem, the ratio

I /}“min can be considered a small parameter. Then

the decomposition is valid
D(r;,t)=D(r—1,,t)=D(r,t) -

_(ljvV)D(r,t)+%(|1,V)2D(I’,t)+..., ©

where ijj is the vector connecting the granule to the
observation point.

The first term of the expansion (4) corresponds to
the approximation of a continuous medium; the remain-
ing terms take into account its micro homogeneity.

Applying the mean theorem to formula (3), we ob-
tain the continuous limit:



The scientific heritage No 75 (2021)

52

P(r.t) = (D(r, ,t)>>;5(r —r,)>n, —(D(r,.t)) (4

where nngisthe granule concentration.

Given the expression (4) in (5) and given that the
granules are mixed uniformly and isotropically, we ob-
tain:

12
P(r.t) =n,(V, >(1+E<I >A)ngR(r,t), 5)
where <|2> = 3<|f> = 3<|§> = 3<|ZZ> is the aver-
age square of the distance between neighboring gran-
ules, R =nDiis the polarization of the granule, <Vg>
is the average volume of one granule, N and is the

concentration of optically active centers in the granule.
The second term in parentheses of the right-hand side

of (5) takes into account the heterogeneity of the me-
dium. Expression (5) is the first part of the system of
material equations. To close this system, you need to
write the material equation for R:

2
865 +y%+w§R—&?3 =yaE, (6)

where ¥ is the static linear susceptibility of the

granule, ) is the attenuation coefficient, & and is the

L L2
nonlinearity parameter expressed in N~

The presence of only one resonant frequency in (6)
is consistent with the already noted position that the linear
dispersion of the dielectric is well described in the frame-
work of a two-level model.

System (2-6) is a closed nonlinear system of equa-
tions that determines the self-consistent dynamics of
the medium and the optical pulse propagating in it.

Ty =< 1

r K20 [

Fig.1. Dependence of the square of the refractive index dielectric from frequency.

If we linearize the system (2-6), then we can ne-
glect the term R2. Further, assuming that
R,P,E ~ exp(iwt —ikr), and also for the sake of

simplicity7 = O we find the expression for the

square of the refractive index:

c’k® _ N2 Q2 -’
2 o0 2 2

0] Q) —w

where Q) = Nya, /N, Q, =N_a, /N ;

N? = (7)

static NO and high-frequency Noo refractive indices
are defined as:
Ng = N2 +4ry, (8)

N2 =NZ(-4zy,n/ N2, @)

where y, =N, <Vg >)( craruueckasis the statis-

tical susceptibility of a heterogeneous and dimension-
less parameter:

77=N§a)§<|2>/602. (10)

d <<I,theny, <<y, 10
<Vg>~d_3,ng ~1%we have: ;(g/;g~(6/|')3.

Hence, according to (8, 10), the microhomogeneity of
the medium leads to renormalization of there sonant
frequency of the dielectric

@, =, as a result of which the latter in-

creases. The violet shift of the resonant frequency of a
heterogeneous dielectric in comparison with a homoge-
neous one can be explained as follows. In a microdis-
perse medium, the temporal atomic field resonance at

@ = @, is added to the spatial resonance at @ = @ .

Since when

The spatial resonance frequency @, corresponds to a

wavelength A equal to the distance between optically
active granules. Since the granules are randomly
mixed, the spatial resonance is indistinct. Since under
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the conditions considered in this article, 4 > |_ then
W, < .
The frequencyat which N2 =0, is equal Q) to.

In the interval between Qg and Q, N, <0. There-

fore, this frequency range corresponds to the region of
absorption by the dielectric of an external electromag-
netic field.

At a small distance from Q_, where K, — o0,

the expression (8) is invalid, since the expansion (4)
loses its meaning. According to (6), the expansion of
(4) and expression (8); holds as long as

<| 2>k2 /6 << 1. For our purposes, the region of low

frequencies is important (a) << Qw), where the last
inequality is obviously satisfied.

For a homogeneous dielectric 7 = 0. Hence,
), > Q2 the dependence N 2(cz))also has a typical
form for the positive dispersion layer [2]

ON? /8w > 0 outside the light absorption region (see
figure). The situation changes radically when

Q, < Qm(NO0 > NO). In this case, the dependence
N 2(a))corresponds to a negative dispersion

ON? /0w < 0 outside the optical absorption region
(see Figure 1). It is well known that the equilibrium ho-
mogeneous medium has a positive dispersion, and the
inverted medium has a negative one, so we can say that
microhomogeneity effectively inverts the medium with
respect to its dispersion properties. Using (10), (11), we
find that a microhomogeneous dielectric has a negative

dispersion under the condition 77 > 1. For solid dielec-

trics, the values of optical susceptibilities usually Z do

not exceed 0.1. Since Xy << Y, then in (10) we can

approximately put Ny = N, . Then, 77 > 1is equiva-
lent to the inequality
I >1, E\/Ecla)on ,
where | = <|2> .
Paulguy in (11) N, ~1, @, ~10°c™, got:
I, ~1 microns. Since, at N, = N, the frequency
remains almost constant when the heterogeneity param-

eter changes 77. The resonant frequency Q. c ysenu-
gyenueM 7] increases with increasing frequency, and at

n>1Q >, (see Fig. 1).
Using (8), it is easy to show that if77 <1, then

k, <Ofor @ > @ =Q_ Q% +3Q — Q2 . In

the case of (12) K, <Oat w < @, .

(11)

In both cases, the value @ is lies between €,

and Q_ ,where N, <0 (see Figure 1). Since the mo-
mentum is strongly absorbed in this region, we come to
the following conclusion: for the 77 <1 group velocity

dispersion is anomalous if @ >Q,; for 17 >1 homo-
geneous dielectric media, it has an anomalous character
in the region @ < €, (see Figurel).

Usually in the spectral range of transparency of

charged dielectric media is normal (k2 > 0), except

for the mid-infrared range U, glass fiber optics systems
based on information transmission using optical soli-
tons operate in this range solitons. Shortening the dura-
tion of light pulses should lead to an increase in the in-
formation bandwidth of glass fibersa. The wavelength

of the most common high-power laser is 4, =1.06
microns [3]. This value is outside the range where
(k2 < O), for currently known solid-state dielectrics.
Therefore, the formation of solitons at a given wave-
length is not possible. The fulfillment of condition (11)
implies an anomalous character of homogeneous die-
lectric media for the frequency range @@ < Wy, . At
the same time, the inequality must be satisfied
k\,%,l_2 / 6 << 1as a condition for neglecting the effects

of radiation scattering on microgranules.
Moving from frequencies and wavenumbers to
wavelengths using the formulas

A =21l @y, Ay =27 1K, , we write for Ny = 1
anomaly condition in the form

0.391, <1 <0.394, . (12)

For fused quartz @, ~3.0x10°c™

Ay = 0.06 microns.

Putting in the right-hand side of the last
Ay =1.06mem inequality, we find 0.02 mcm

, we find

<1 <0.41 mem.
Thus, in a medium consisting of fused quartz gran-

ules with a size d ~ 0.1 of microns, and an averagee

square distance between them | ~0.3 of microns, the
group velocity dispersion at the wavelength

Ay =1.06 of microns should be anomalous. Conse-

quently, one-dimensional optical solitons can be
formed in such a medium at a given wave-
lengthogHOMEPHBIX ONTHYECKUX COTUTOHOB.
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