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Physical and mathematical sciences
DuU3NKo-MaTeMaTHYECKHE HAYKH

YAK 530.122

TPABUTAIIUSA KAK ITIPOABJIEHUE ®U3UYECKOI'O IOJIS HHEPIIUAJIBHOM CHJIBI,
OOPMUPYEMOI'O ABUXKYIHINMUCA HYKJIOHAMU BHYTPU ATOMHOI'O AAPA

B.B. I'pomoB, uH>XeHEp-MEXaHUK
AxnmonepHoe o01recTBo «Hayuno-mpousBoacTBeHHOE 00benuneHne O0yxoBckuii 3aBoay (1. Cankr-IletepOypr), Poccus
E-mail: gromovvv172007 @yandex.ru

Annomayus. Ha ocnosanuu npogedéHHbIX MeOpemuyeckux U IKCHEPUMEHMANbHBIX —UCCIe008ANHUL
npeonazaemcss Hoeas meopusi epasumayuu. Ilpednonazaemcs, umo 2pasUMAyUOHHbIE 63AUMOOCUCMEUsL BbL3GAHDbI
panee He U3yUeHHbIM DUIULECKUM NOJIEM, 8bI3bl8AIOUUM RPUMSIIICEHUE Meil, O8UNCYUUXCSL OPY2 OMHOCUMENbHO Opyed.
Hannoe none cnocobHo 6bi3b16aMb NPUMSAICEHUE, 8 MOM YUCILE Yepe3 MAMEPUAl MPEembux mei, Haxo0sauuxcs Mexicoy
HUMU.

Knioueevte cnosa: cpasumayus, mamepuanvbhas mMOYKA, MACCd, CKOPOCHMb, YCKOpeHue, CUTbHble
GHYMPUSIOEPHDBLE 83AUMOOCUCMBUSL.

Panee B uronbckoM HoMepe xkypHasa «Hayka u Mupy» Obuta onmyOJIMKOBaHa CTaThsl aBTOPA MO/ Ha3BaHHEM
«'paBuTaniss — 95TO WHEPLUUOHHAs] CHJIA, MPOSBISAIONIASACA B YCIOBUSIX KHHEMATHUYECKOTO B3aUMOJICHCTBUS C
MACCHBHBIMH OOBEMHBIMH TEIaMU». B CBS3W ¢ JambHEHIINM HCCIIeIOBaHUEM (PH3MYECKOTO MO HHEPIHUATBHON CHITBI
OIHUM U3 TMPOSBICHUH, KOTOPOTO SBIICTCS TPABHUTAIMS, aBTOP CUYUTACT HEOOXOOUMBIM YTOYHHUTH PSA TE3HCOB,
H3J10’KEHHBIX B CTAThE.

Bxpartiie aBTOp HATOMHUT OCHOBHBIE TE3HUCHI IPEIBIAYIIEH CTaThH.

Jis Havama HYXXHO pEIINTh 3afady IepeMeIIeHUS MAaTepHAIbHOM TOYKA MO MPSAMOH OTHOCHTEIHEHO
HenoJABWXHOM Touku. IlycTh Touka A oOcCTa€Tcsi HENOABM)KHOM, a ABUraercs TOJbKO Touka B mo mnpsmoil, He
MPOXOISIIeH Yyepe3 TOUKy A, co CKOpOCThIO V, h — paccTosiaue oT Touku A 1o 3To# npsimoii (Puc. 1).

A

Puc. 1. Cxema nepemewieHusl mo4Ku B omuocumenvro mouxu A

Paccrosiune mexay A n B o6o3naunm OykBoi S. JIaHHOE PacCTOSHHUE MOYKHO HAWTH, HUCIONB3YS TEOpEMY
[ugaropa. AB>=0A*+OB?, rae AO=h — paccrosuue MexIy TOUKOi 1 mpsivoii, OB — CKOpOCTh V IIOMHOKEHHAS Ha
Bpemst t — Bpemst 10 ipoxoxkaeHus Touku O.

5 =% + (vt)? 1)

Tornma ckopocTb U3MEHEHNUS PacCTOSHHS MEXTy TOUKaMH Oy/eT paBHa MPOM3BOAHOM 3TOH (HyHKIHH.

5= v = q— @

Py
VR 4p? 2

© I'pomos B.B. / Gromov V.V., 2025
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A yckopeHHe JBWXKEHHS MEXIY TOYKaMH OyJeT paBHO BTOPOM NPOU3BOAHON OT (DYHKIUH PACCTOSHUS MEXKIY
TOYKaMU.
o2

—_—
[EEY LT

& = o, = JR2 202 12 3)

- R2 +p? g2

I'paduxn >THX GyHKIUH IpeICTaBICHBI HA PUCYHKaxX 2 1 3.

CKOpPOCTb

Puc. 2. Crxopocmv nepemewgenus mouku B ommocumensno mouxu A
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Puc. 3. Ycxopenue nepemewenus mouxku B ommnocumensno mouxu A

3aMeTI/IM, 4TO IIpr =0 YCKOpEHUE UMECT MAKCUMAJIBHOC 3HAYCHUC U PABHO
1;_..2
=" )

Taxum 00pa3om, eciii Be MaTepHallbHbIE TOYKH, NMEIOINE Maccy, ABUTAIOTCS APYr OTHOCHUTENBHO ApYra C
MTOCTOSTHHOW CKOPOCTBIO IO MPSIMOM, HE MPOXOMAIIEH 4epe3 ATH TOYKH, TO NPH NPUOIIDKEHWH APYr K OPYTY OHU
HAYMHAIOT JBUTATHCS C YCKOPEHUEM.

W3 3TOro MOXHO cHenaTh OAWH Ba)KHBIH BBIBOJ: €CIM OJHO TEJIO IEPEMEIAE€TCS OTHOCHTENBHO APYTOro C
MIOCTOSTHHOW CKOPOCTBIO TT0 TPACKTOPHHU HPSMOH, HE MPOXOJAMIEH depe3 BTOpoe TelI0, TO OHM IepeMemarTcs IpyT
OTHOCHTEIIBHO JIpyra ¢ MEHSIOMUMCS ycKkopeHueM. CIenoBaTeNbHO, CYIIECTBYET TONBKO EIMHCTBEHHAs CHCTEMa
orcuéTa, B KOTOPOH TEJIO NpPU OTCYTCTBHUHM BO3ACHCTBUS Ha HETO «JICHCTBUS JAPYTHX Tel» OYyAeT COXpaHSTh
paBHOMEpPHOE MpPSIMOJIMHEHHOE [JBIJKEHHE, a KMMEHHO, CHCTeMa OTcYéTa, JeKallas Ha MpsIMOM, TOJHOCTBIO
COBIAJAIOLIEH C BEKTOPOM JBIKEHMs JAHHOrO Tesna. B OTHOIIEHMM IPYTrHX Tell, KOTOphle HE HaXOJATCS Ha JAaHHOU
IpsIMOH TeNo OyJeT ABUTAThCS C YCKOpeHHeM. To ecTh, YCKOpPEHHE SIBISICTCS TAK)KE OTHOCUTEIBHON BETMUYMHOM, KaK U
CKOpPOCTb. JTO B CBOIO OuYepeab BCTyIaeT B IpoTHBOpeune co BropeiM 3akoHom Heiotona. M30exaTh nanHOe
MPOTUBOPEYNE BO3MOXKHO, €CIIM MPEANOJ0XKHTh, YTO JaHHbIE Tela, UMEKIIUE Maccy, IBHUrasicb C YCKOPEHHEM,
MPUTATHBAIOTCS IpYT K Apyry. llpm 3ToM cuma mpuTspkeHHs OyJeT MpOoNOopHHOHAIbHA MX MaccaM M YCKOPEHHIO U
00paTHO MPOTOPIHNOHATBHA CYMME MacC YCKOPCHHH.
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My M
F_iZ

a(t), ()

My +

rme My — Macca MepBOM MaTephabHON TOUYKH, Tz-Macca BTOPOM MaTephHaabHON TOUKH, &{f) — ycKopeHHe
MEXXIy HUMH, BBIPRKCHHAS KaK (QyHKIHS OT BPEMCEHH.

[Ipn aBMXEHUHM MaTepHANbHBIX TOUEK B3aHMMOJICHCTBIE HOCUT UMITYJIBCHBIN XapakTep (CM. puc. 3) U BBIIBUTH
€ro TPOSIBICHHE BO3MOXKHO TOJBKO MPU JOCTATOYHO BBICOKMX CKOPOCTSIX, HO KOTZa MaTepHalbHbIe TOYKH JBIKYTCS B
€MHOM TIOTOKE, TO MPOSIBIICHNUE JAHHOMN CHIIBI CTAHOBUTCS 3aMETHBIM.

Jlydmum noATBEpXKIICHUEM JTaHHOTO TPEIIOJNIONKEHUs sBIsieTcst 3akoH bepryium. [Ipu yBenuuenuu ckopoctu
MOTOKa J>KUAKOCTH JAaBJIEHHE HA BHYTPECHHIOIO IIOBEPXHOCTh TPYOBl yMEHBILIAETCS NPOMOPLUOHAIBHO KBaJIpaTy
CKOPOCTH JIBU)KEHHMSI TIOTOKA TaKKe Kak B hopmyie 4.

JlaHHBIE TeopeTHUeCKHe W3BICKaHMs IOATBEPXKAAIOTCS OKcnepuMeHTanbHO. Ilonmocka Oymaru Oblia
npuOIMKEeHa K BpallAoeMycs TUCKY TOYMIBHOIO CTaHKa M OHAa MPUTAHYJIACh K AUCKY. HeoOX0aMMO OTMETHTH, YTO
YeM Janblle OT Baja CTaHKa HaXOIWJIAach IIOJIOCKa OyMmarw, a, CJIENOBATENbHO, BBINIE CKOPOCTH BPAIICHUS
MaTepHAIBHBIX TOYCK TUCKA, TeM MpUTsHKeHHe Obuto Oombie (prc. 4 a). Bo BTopoM sKcnepuMeHTe, 9ToObI n30ekaTh
BIMSHUSA BO3AYIIHBIX Macc ObIIa IMOCTaBlICHA MEXAY AMCKOM M TIOJIOCKOW Oymaru mperpaja B BHIE KycKa KapTOHA
(puc. 4 6). B Tperpem — Kycka crekia (3epkano) (puc. 4 B). HecMoTps Ha TO, 9TO MeXIy OOBEKTaMH HAXOIUIOCH
TPETIATCTBHE, TI0JI0Ca OyMaru IPUTATHBAIACH KaKIBIH pa3. Bumeo sKkcrepuMeHTOB OmyoInKoBaHo [2].

Puc. 4. a, 6, 6 — pomoecpaduu nepsozo, 6mopo2o u mpemve2o IKCNePUMEeHMNO8 COOMBEMCcmaeHHO

IIpexne, uem nepedTH K OCHOBHOM TeMe CTAaTbH, XOUy B JOIMOJHEHHE K JECSATU paHee MPEJCTaBICHHBIM B
HIONBCKON CTaThe TpHUMepaM T00aBUTH €MIE HECKOJBKO SIBICHH, KOTOPHIC OMHCBHIBAIOTCS JHOO SMIHUPUYCCKAMHU
(dbopmynaMu, THOO HE HAXOIAT YIOBICTBOPUTEIHHOTO OOBICHCHUS.

[epsrrit npumep. IMmmupudeckne (HOpMyIBI, ONMUCHIBAIOT IBIDKEHHE TYPOYJICHTHBIX TOTOKOB U JBIDKCHUE
TBEPAOrO Tejla B KUAKOCTAX WJIM ra3ax, CHJIbl CONPOTHUBIIEHUS NPONOPIMOHANBHBI KBaApaTy CKOPOCTU JIBHIKEHUS
Takxke Kak u B hopmyne 4. To ecTh, B OTIAMYHE OT CIIydas, KOT/1a TBEPIBIC Tea ABIKYTCSA APYT OTHOCUTEIBHO IPYyra He
HU3MEHSISI TPAEKTOPHUIO, YaCTULBl KUAKOCTEH WJIM Ta30B MOTYT HauyaTh JABM)KEHUE B CTPOHY ABMXKYIIETocs TBEPIOIrO
TeJa, YTO MPUBOIUT K CHIDKEHUIO KHHETHYECKOI SHEpTUH OTOKA WIIM CKOPOCTH JBIDKYIIErOCs Tela.

Bropoii npumep. Bo3xynmaeie cmepun 00pa3yroTcsl Ha TpaHHUIAX BO3AYIIHBIX ITOTOKOB TaM, TJI€ MOJICKYJIBI
BO3yXa IONy4aroT yCKopeHue coriacHo ¢opmyie 3. Ilpu 3TOM CKOpOCTh BO3AYIIHBIX ITOTOKOB TAaKOBA, YTO OHHU
COTJIaCHO TOH ke popmyne 3 MOTYT IIOAHUMATH BBEPX Jaxe TSHKEIBIC TPEIMETHI.

Tperuit mpumep. HaBomHEHNS, KOTOPBIE CIY4alOTCS B PA3IMYHBIX NPHUOPEKHBIX paifoHaX OOJBIINX BOZOEMOB.
Takue HaBOJHEHUsI OOBACHIIOTCS SBICHHEM «HAaroHHOW BONHBI». Tak B CaHkT-IleTepOypre MakcHMalbHBIA YPOBEHB
morbéMa BoJbI ObLT 3adukcupoBaH B 1824 roay u coctaBmi 421 cM [1]. OOBSICHUTH TaKOE MOBBINICHHE YPOBHS BOJBI
TONILKO HU3KHM JaBIICHHEM HEINb3s, TaK KaK B JAHHOM CJIydYae JaBICHHE JOJDKHO OBUIO yIacTh MpUMEpHO a0 450
MM.pT. cT. Takue 3HaYeHHs aTMOC()EPHOTO NABJICHUS HAa YPOBHE MOpsS HHUKOIrIa He (UKCHUpoBaiuch. Kpome Toro,
mobEM Bobl B HeBe MpomcXomuT u Korjma BeTep AyeT ¢ Oepera B ctopoHy PuHckoro 3anmBa. Taxke cirydaroTcs U
3MMHUE HaBOJHEHWs, korja M Hesa m OHWHCKUI 3aiUB MOKPHITHI CJIOEM JIbJia, H HU O KaKOW BOJHE pe4H OBITH HE
MoxeT. Ho HaBoJHEHUS KaXKAblil pa3 CONMPOBOKIAIOTCS CHIIBHBIM BETPOM. UTO Taxke CBUAETENBCTBYET O BO3AECHCTBUU
(U3MYECKOT0 MOJIST HHEPLUUATBHON CHIIBI.
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Kak nokasan skcriepuMeHT, (u3uuecKoe IoJie MHEPUUATLHON CHIIBI MOXKET JICHCTBOBATh CKBO3b IPEIMETHI,
TaK ke KaKk ¥ IPaBUTAIIMOHHOE I10JIe, YTO HATAJIKUBAET HA MBICIb 00 00I1Iel Mprupo/ie TaHHBIX SBICHHUH.

XuUMHYeCKHe 3JIEMEHTH (OpMHUPYIOTCS B HeApax 3BE3A B YCIOBHSX BBICOKHX TEMIIEpaTyp M IUIOTHOCTH
BemlecTBa. CinusiHHE HYKJIOHOB B fA]pa aTOMOB IPOMCXOAMT Ha BBICOKMX CKOpoOCTsX. IIpum 3TOM IUIOTHOCTBH sapa
HYKJIOHA 4Ype3BbIUaifHO BBICOKA. 113 3TOro MOKHO CAENaTh MPENON0KEeHHE, YTO CUIbHBIE SepHbIe B3aUMOACHCTBUS,
Takke O00ecneynBarOTCs (U3MUECKMM TI0JIEM WHEPLMANBHOMH CHIIBI, KOTOpas HpPEOoJoJieBaeT KYJIOHOBCKOE
OTTaJIKMBAHHUE.

ABTOp HepeyncIsIeT apryMEeHThI, KOTOPbIE Ha 3TO YKa3bIBAIOT.

IlepBoe. Bee nérkme XMMUYECKHME 3JIEMEHTHI CTAOMIBHBI M SIBJISIOTCA XOPOIIUMHM MOTJIOTUTEISIMH OBICTPBIX
HEUTpOHOB. I103TOMY CTEpKHHM B SIAEPHBIX PEAKTOpax JIeNaroT U3 rpadura.

Bropoe. [ocne Lle3ns simpa aTroMoB MMEIOT B CBOEM cocTaBe OOJbIE HEWTPOHOB, YeM HPOTOHOB. OTO
MO3BOJIIET M30erate pacmaga BcieACTBUE neiicTBUs cun Kynona, Tak Kak Uil ynaepXaHUs (PU3NYECKUM IIOJIEM
MHEpUUABHOIM cHibl TpeOyercst yxe Oomnbllas macca siipa. To ecTh Uil yIAepiKaHHs HYKJIOHOB B SiApE C OOJIBIIUM
panuycoMm TpeOyercsi OoJbllie cuila, KOTOpas M oOecrednBaeTcsi OOJIBIIMM KOJIMYECTBOM HEHTPOHOB, NBIKYIIHMXCS
BHYTPH aTOMHOTO Sipa.

Tperbe. BparieHue OONBIIOr0 KOJIWYECTBAa NMPOTOHOB MO KPYrOBBIM TPACKTOPHSIM C pasHbIMU paglycaMu
BpaliCHUs OT HEHTpa MacC aTOMHOro sgAapa MOXKET MPUBOJUTHL K TOMY, YTO 3HAYUTCIBHOEC KOJMYECTBO MPOTOHOB
OKa)KeTCsI TI0 pa3Hble CTOPOHBI OT ILIEHTpa siApa aToMa. B 3ToM ciiydae KyJIOHOBCKOE OTTaJIKUBAaHHE MOXKET IIPEOI0JIETh
ciily (M3MYECKOTO MOl WHEPIHMANbHOW CHJIBI M TOTZA aTroMHOe sapo pacmanérca. Takume coOBITHS HOCST
BEPOSATHOCTHBIM XapakTep, MO3TOMY HM30TOIBI U paclajaroTcsa C XapaKTepPHBIM MEPHOIOM MOIypachana, a TSKEIbIe
TPaHCYPaHOBBIC XMMHUUECKHE SJIEMEHTHI MEHEE CTAOMIIbHBL, YeM JETKHE SJIEMEHTHI.

Yerséproe. Ilpn pacmage aTOMHOTroO siapa HEHTPOHBI MOTYT HUMETh BBICOKHE CKOpPOCTH. BBICOKHE ckopocTH
3apsDKCHHBIX ayb(a YacTHIl MOXHO OOBSICHUTH KyJIOHOBCKMM OTTaJIKHUBaHWEM, HO JABM)KEHHE HEHTPOHOB 3THM
00BSCHUTH HENb3s. [109TOMY MOXKHO TPEIIONIOKUTh, YTO OHU YK€ BpAILlAJIUCh C BBICOKOH CKOPOCTBIO IO KPYTOBOIi
opbure.

[Istoe. M30TONBI XUMHUUECKUX JIEMEHTOB noJjiy4yaroT, O6CTp€J’II/IBaH AApa XUMHYCCKUX 3JIEMEHTOB IPOTOHAMMU.
W s kaXIoro U30TONAa XapaKTEPeH CBO JMana3oH CKOPOCTEH MpOoTOHOB. M30TOMBI 00pa3yroTCs JIMIIb TOTa, KOTAa
MIPOTOHBI TIPOJIETAIOT C HEOOXOAMMBIM JIHANIa30HOM CKOPOCTEH Ha ONpeIeIEHHOM PACCTOSIHUM OT sIJIpa aToMa.

Ilectoe. CambIM pacHpoCTpaHEHHBIM XHUMHYECKHM 3JEMEHTOM BO BCEJIEHHOW fABIAETCS BoJIOpod. Sapo
JTAHHOTO XUMHUYECKOTO 3JIEMEHTa, KaK MPaBUIIO, COCTOUT U3 OJHOTO MpoToHa. Clie1oBaTebHO, 00I1alaeT Maccoi, HO He
BpallaeTcs OTHOCUTEIBHO IIEHTPa MacC U He co31aéT (PU3NIECKOTo MO MHEPIHAIbHON ciilbl. B poTHBHOM ciydae,
Kak He ciaba rpaBUTAllMOHHAs CHJIa MEXKAY OTICIBHBIMH aTOMaM{ BOAOPOJaA, HO 33 MIJUIMAP/BI JIET CYIIECTBOBAHUS
BCEJICHHOW OHM JOJIKHBI OBLTH OBI CXKaThCS B OAHY TOUKY.

B cBs3M C BBINIEH3NOKEHHBIMM apryMEHTaMHU X04y MPEUIOKHUTh CIETYIOUYI0 MOJENb aTOMHOIO sijpa.
HyxknoHsl, ynepxuBaemble (pU3NUECKUM I10JIeM WHEPLMAIEHON CHIIBI, BPAIIAIOTCSl BOKPYT LIEHTPA Macc aTOMHOTO s7pa
0 KpyroBeIM opOuTam. [Ipu 3TOM crita MpUTSHKEHHST MEXy HUMU CHUIIbHEE, YeM eClI Obl KaXKIbIH MX HUX Bpaliaics
OTHOCUTEJIbHO HCTIOABUXXHOI'O AApa, TaK KaK IABHKCHHUE IMPOUCXOOAUT IO CJIIOKHBIM TPACKTOPUAM APYT OTHOCHUTEIIBHO
npyra. Pagmycsl 3TuX opOMT MEHbIIE WM PaBHBI PaHyCy aTOMHOTO sapa. HykioHsl, o0sagaromniiue Maccoil, co3qaroT
[pY JBWKCHUH MOJI€ HWHEPIHUATBHONW CHIIBL [IpM 3TOM HampaBjieHHE MMOJsi OyAeT MMETh CIOXKHYK (GOpMy, HO B
OCHOBHOM TMECPHEHAUKYJIAPHO IUIOCKOCTHU Bpalll€HUA HYKJIIOHOB. COOTBETCTBEHHO Hanono61/1e MArfuTHOTO AUIIOJIA
MOXHO BBECTU IMOHATHC I'PaBUTALITUOHHOTO AWIIOJIA. B otnmune oT MarHMTHOTO JAUMOJIA, UMCIOUICTO HAIllpaBJICHUE OT
ceBepa K 10Ty, BEKTOPHl IUIOJS MHEPLHAIBHOM CHIIBI NEPHEHIUKYISPHBI IUIOCKOCTU BpAIICHUs M HANPABIIEHBI B
pasHble cTOpoHBI. Kak 3T0 MpHMEpHO JOJPKHO BBITIIAETH IOKa3zaHO Ha puc. 5. Ha HéM m300pakeHa Mojenb aroMa
I'enust, cocTosAmero U3 AByX NPOTOHOB U JIByX HEHTPOHOB.
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Puc. 5. Mooenv amoma I'enus ¢ usobpasicenuem 8eKmopos noiel UHepyuaIbHOU Cuibl

EctectBenHo ﬂCIZCTBI/IC IOoJIA HHepHHaﬂbHOﬁ CUJIbl HE OI'paHUYUBACTCA BHYTPHM AaTOMHOI'O sAJpa, a
pacnpocTpaHsercs BHe a7pa. COBOKYIHOCTh TOJIeH TPaBUTAIIMOHHBIX JHUIOJICH U COCTABIISAET IPaBUTAIIMOHHYIO CHITY.

ITo mMepe yBenmmueHnsT MacC KOCMUYECKHX 00BEKTOB PacTéT M CKOPOCTh BPAIIEHHUS BOKPYT HUX Ooiee MEIKUX
00bexToB. I MO Mepe pocTa 3TO CKOPOCTH YK€ HENb3sl OIpPaHWYMBATHCS BO3JACHCTBHEM TPABUTALMOHHOTO IO,
CO3/1aBa€MOT0 COBOKYIHOCTBIO jumoiiel. HeoOxomumo yuwuTeIBaTh M (M3MUECKOE I0J€ HHEPLUHUAIBHOW CHIIbI,
CO3/1aBaeMoe BpAIAIONIMMCs 00BEKTOM. TO €cThb KOTAa Tela BPAalIaloTCs ¢ OOJIBIIUMH CKOPOCTSAMH, TO BO3HHKAET
JIONIOJTHUTENbHAsT TIPUTATHBAIOmas cuia. Ilo3ToMy 3BE3IBI B JHCKOBBIX (CIUPANBHBIX) TAJIAKTHKAX BPAIArOTCS
ObIcTpee, YeM MOXKHO ObUTO OBI OKHJAaTh, MCHOJNB3YI0 KJIACCHYECKUH moaxon mo moxaenu Heiorona. CienoBaTelnbHO,
UCTIONB3Ys MOJCIb (U3UYECKOTO TOJII HHEPIHAIbHON CHIBI HET HEOOXOJMMOCTH BBCICHHS IMOHATHS «TEMHOMN
MaTepum».

W3 Bcero BBHILIEU3I0KEHHOTO MOYXKHO CACJIaThb BBIBOJ O TOM, YTO U BHYTPHU aTOMHOI'O sAJipa U Ha TAJIAKTUICCKUEC
00BEKTHI BO3JCHCTBYET OJTHO U TO K€ (PU3MUECKOe MOJje, a MMEHHO IoJe MHepIuaabHoH cuibl. IIpocTto Bo3aeiicTBue
I[aHHOI‘/'I CHJIBI Ha OOBEKTHI pa3H01?1 BCJIMYMHBI U INIOTHOCTU MPOABJIACTCA 110 pa3HOMY.
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GRAVITY AS A MANIFESTATION OF THE PHYSICAL FIELD OF INERTIAL FORCE
FORMED BY MOVING NUCLEONS INSIDE THE ATOMIC NUCLEUS

V.V. Gromov, Mechanical Engineer
Joint Stock Company “Scientific and Production Association Obukhov Plant” (St. Petersburg), Russia
E-mail: gromovvv172007 @yandex.ru

Abstract. Based on theoretical and experimental studies, a new theory of gravity is proposed. It is assumed
that gravitational interactions are caused by a previously unexplored physical field that causes the attraction of bodies
moving relative to each other. This field can cause attraction, including through the material of third bodies located
between them.

Keywords: gravity, material point, mass, velocity, acceleration, strong intranuclear interactions.
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BJIMSAHUE TEMIIEPATYPbBI HA QJIEKTPUYECKUE IIAPAMETPBI KPEMHUA,
JIETUPOBAHHOI'O HUPKOHUEM METO/JIOM JU®DY3UN

II.A. UcMonIoB, MITaALIN#i HAyIHBIH COTPYAHUK, iISMOilov-2015@inbox.ru
Hay4Ho-nccejoBaTensCKuii HHCTUTYT (QU3HKH HOIYIIPOBOJHAKOB H MUKPOSJIEKTPOHUKH mpy HannoHamsHOM
yHuBepcutere Y3bekucrana (TamkenT), Y36ekucTan

Annomayusn. B oannoii pabome 8b1n0IHEHO KOMRLEKCHOE UCCAE008aAHUE CIPYKIMYPHBIX, CNEKMPOCKONUYECKUX
U ONeKMpoUIUYECKUX — CBOUCME  KPEeMHUS, JNe2UPOBAHHO20 YUPKOHUEM U , HPU  PA3IUYHLIX  YCIOBUSX
6bICOKOMEMNEPAMYPHO20 OMAHCUSA U pedcumax oxaadicoenus. Mcnonvzosanvt memoods: Raman-cnekmpocxonuu, DLTS,
uemuvipéx3onoogvle usmepenus u dgp@exm Xonra 0ns onpedeneHus YOEIbHO2O CONPOMUBTEHUS, KOHYEHMPAayuu
Hocumenel U NOOBUICHOCTU. YCmanoeneno, umo 6blcmpoe OXAAdCOeHUue NOCie OmiIcuea npueooum K guxcayuu
memacmabunohvix Zr—-O-Si Komniekcos, yeerutueaowux npooouUMOCnib U YMEHbUAIOWUX PACCEUBAIouwUe NPOYEccol.
Huxenv opmupyem paszosvie coeounenus Si, Si u Siy noomeepocoéunvie ¢ Raman-cnexmpax u ewizvigaioujue
xapakmepHule 2nyookue yposHu, Habmooaemsie 6 DLTS. Pesynomamul 0emoHCmpupyrom mechyio Koppenayuio mexcoy
haz060tl cmpykmypotl, IHEPeeMUYeCcKUMU YPOSHAMU LOGYULEK U UMEHEHUEM INEKMPOPDUIULECKUX NAPAMEMPO8, Ymo
onpeoeisiem nepcneKMuBHOCHb OAHHbIX MAMEPUANO8 OJisl CO30AHUSL CEHCOPHBIX U BbICOKOMEMNEPAMYPHbIX NPUOOPOE.

Knruesvie cnosa: xpemnuil, yupkonut, ouggysus, omocue, Raman, DLTS, nodsusxcrnocms, konyenmpayus,
npogooumMocms, oeghexmal.

BBeaenue

JlerupoBaHue KpeMHMs TYTOIUIaBKUMH METaJUIaMH, B YaCTHOCTH IIMPKOHHMEM, IpeACTaBiIseT co0oi oqHO u3
HanOoee aKkTyaJbHBIX HANpPaBICHUH COBPEMEHHOW MAaTepUajOBEI4EeCKOW M MHKPODJIEKTPOHHOH HAyKH, IOCKOJIBKY
TaKUe 3JIEMEHTHI 00J1aJaf0T BHICOKOW TeMIIEpaTypHOH CTaOMIbHOCTBIO, XHMHYECKOH MHEPTHOCTHIO U CIIOCOOHOCTBIO K
(hOPMHUPOBAHUIO YCTONUMBBIX KOMIUICKCHBIX COCIMHCHUI B 00bEME KpHcTaia. Bo MHOTHX HCCIICIOBAHUAX TTOKA3aHO,
YTO IIUPKOHUI CTOCOOEH 00pa30BBIBATh B KPEMHHH OKCHIHBIC KOMITIEKCHI ZI—O—Si, KOTOpBIE CYIIECTBEHHO H3MEHSIOT
neeKTHYI0 CTPYKTYpY, ITapaMeTpbl 30HHOM IuarpaMMbl M IPOLECCHl 3axBaTa HocuTeneil 3apsaa [1, 6]. B pabore
[TetpoBa u coaBTOpOB [7] OBLIO MOKA3aHO, YTO MUPKOHMIA NpH TemnepaTypax Boime 900 °C akTHBHO B3aUMOJCHCTBYET
C KHCIIOPOJZIOM, TPHCYTCTBYIOIIMM B KPEMHHUH, (OpMHPYS TEpMOIMHAMHUYECKH YCTOHYMBBIE KOMIUIEKCHI, KOTOpBIE
MOTYT BBIIOJIHATH POJB IOHOPOHONOOHBIX LeHTpoB. MccnenoBanus Kim et al. [3] ¢ mpumenenmem Raman-
CIIEKTPOCKOIIMM  HOATBEPXKIAIOT, 4YTO oOpasoBanue Zr—O-Si conpoBOXKIAaeTCs MOSBICHUEM  XapaKTEPHBIX
CHEKTpaJbHBIX JIMHUNA B jauanazonax 300-400 u 600-650 cm™'. PabGora Roberts [8] memoncTpupyer, 4T0 UMEHHO
TeMIepaTypa ONpeessieT PaBHOBECHOE pacIpeeieHUue ITUPKOHMS, a Takke TUHAMUKY (OPMUPOBAHMS KIACTEPOB U
rnyouny guddysun. Kpome TOro, MHOroOYHCIEHHbIE OSKCIEPHUMEHTAIbHBIE JaHHbIE I[TOMYEPKUBAIOT BIUSHHE
TEeMIIePaTyphl OTXKUTA HA MEXaHU3MBbI paccesHus Hocurenei. CormacHo uccnenoBanusM Zhang [10], npu yBenuueHuu
TeMIepaTypbl MPOHUCXOAMWT CHIDKEHHE YIEIHHOTO COMPOTHBIICHHS, YTO CBA3aHO C AaKTHBALMEH IMPKOHHUEBBIX
komIuiekcoB. B pabore Garcia [2] mokaszano, 4o GBICTPOE OXJIaXICHUE TOCIE OTKUra (PMKCHPYET METacTaOMIIbHBIE
JeeKThl, YBEIMYNBAIOIINE KOHIIEHTPALMIO CBOOOAHBIX HOCHTENEH. MeayeHHoe oXJIax/IeHne, HallpOTUB, MIPUBOJHUT K
PEKPHUCTAININ3AINH ¥ YMEHBIIEHHUIO UX 3JIEKTPHUecKoil akTuBHOCTH. DLTS-MeTommKa Taxke IMHUPOKO MCIIONIB3YETCs TS
aHanM3a TIIyOOKHX YpOBHeH, co3maBaeMbIX HEpKoHMeM. Lee [4] mokasam, 4ro mupkoHHH (opMmHpyeT crenuprIecKue
JIOBYIIKH, PACIIOJIOKEHHBIE B BEpPXHEH YacTH 3anpeiiéHHON 30HBI KPEMHHS, OKa3bIBAIOLINME BIMSHHE Ha IPOLECCHI
pekoMOuHaIwu U TpaHcopt Hocuteneit. Orlov [5] ormeTui, uto o6paszoBanue Zr—O-Si compoBOKAACTCS YMEHBIICHUEM
KOHIIEHTPAIMK CBOOOJHBIX Ae(eKTOB M cTabmmsaiueil cTpykTypbl. Takum 00pa3oM, M3ydeHHe BIHMSHHS TEMIEPaTypsl U
PEKUMOB OXJIAKICHUS Ha 3JIEKTPUYECKUE MapaMeTpbl KPEMHHS, JETHPOBAHHOTO IUPKOHUEM, SBJISIETCS BaXKHOH 3a1adeii.
AHanu3 IMTepaTypHBIX JaHHBIX [TOKA3bIBAET, YTO MIMEHHO TEMIIEpaTypa SBIISIETCS KIIOYEBBIM (aKTOPOM, ONPEIeIISONM
AKTHUBAIIMIO IPUMECH, MOAU(PHKAINIO Ne()EKTHON CTPYKTYPHI U MOBEAEHNE HOCHTe el 3apsiaa [9].

Heab padoTsl

Lemp paboTel — W3YyYUTHh BIMSHHE TEMIEPATypbl BBICOKOTEMIIEPATypHOTO OT)KHTa Ha yIENbHOE
COTIPOTHUBIICHUE, KOHIICHTPAIIMIO HOCUTEJICH, TIOABKHOCTh U MMPOBOJAUMOCTE KPEMHHMS, JIETHPOBAHHOTO IUPKOHUEM, H
YCTaHOBUTh MEXaHU3MBbI CTPYKTYPHBIX U AJICKTPOHHBIX M3MEHEHUH, CBSA3aHHBIX ¢ 00pa3oBaHueM KoMIuiekcoB Zr—O-Si.

MeTtoanka 3KkcriepuUMeHTa

O6pasus! kpemuus Mmapku KEF-35 noasepranmch gerupoBaHuio UPKOHHUEM METOJIOM BBICOKOTEMITEPATYPHON
muddysun. Temneparypa omkura cocraBmsuia 700-1200 °C. Dnexkrpudeckue napaMeTpbl H3MEpsUINCh METOJIOM
4eTBIPEX30H10BOM cxeMbl U 3pexTa Xota. Mcnonp30Banick BHIYUCIUTENbHBIE (POPMYIIBL:

c=1/p

n=1/(q u-p)

p=o/(q-n)nte_T/T?>)=-E_a/(k-T)+In(c_n-v_th)

Pesynpratsl u o0CyxneHue

© Ucmowmios 1. A. / Ismoilov Sh.A., 2025
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Tabruya 1

Jsekrpodusuydeckue napamerpsl Si u Si+Zr (nuddysust Zr, 700-1100 °C)

YcnoBus p (Om-cm) n (cM 1 (cm?/B-¢)
p-Si MCXOmHbII — 35 1.5x10™ 420
p-Si Zr 700 °C (meni.) 124 8.5 4.8x10'* 520
p-Si Zr 1100 °C (6bicTp.) 124 2.1 1.1x10"° 870
N-Si UCXOAHBIN — 28 2.2x10* 460
n-Si Zr 1100 °C (GsicTp.) 124 1.9 1.4x10'° 910

JanHas TaOiuna JAEMOHCTPUPYET BIUSHHE LUPKOHHEBOH MU(PQy3un M TemIepaTypbl OTXKHATra Ha yJIEIbHOE
COTNPOTHUBJIEHUE (), KOHIIEHTPALUIO HOCUTENIeH 3apsia (N) U MOABMKHOCTG (L) B P- M N-TUNAX KPEMHUS.

p(T): YoensHoe conpoTusneHune Si+Zr

1 — BLICOKOE HaYanbHoe p (obpazeu 1)
2 — Hu3Koe HavansHoe p (obpasey 2)
25 =e= 3 — TpeHa (ycpearenne)
20
-~
- -
E it
~~es L
a S~ —
-
-
10 e
-~
-~ -
2 ~~o
5 s
e~
-
e
700 750 800 850 900 950 1000 1050 1100

Temperature (*C)

Pucynox 1. I'pagux p(T) nokasvlieaem 3a8ucumocms y0eibHO20 CONPOMUGTLEHUS KDEMHUS,
JLe2UPOBAHHO20 YUPKOHUEM, O MeMnepamypbol gblcokomemnepamypnozo omacuza (700-1100 °C).

CHIDKEHHE p CBSI3aHO ¢ aKTHBAIMEH IMPKOHMS, YMEHBIICHHEM Ae(EKTOB U POCTOM KOHIIEHTPALMH HOCUTENEH
3apsaa. Jluausa 1 — obpaserr ¢ BRICOKMM HadalbHBIM COMpOTHBICHHUEM (p ~ 28 — 2 Om:cM). DTOT 06paser] coaepxan
MHOTO Ne()eKTOB M JIOKAIU30BaHHBIX cocTosHuil. [Ipu HarpeBe mo 1100 °C umupkoHHA aKTHBHPYETCS KakK OHOP,
dopmupyrotest kKomrtekesl Z—O-Si, yMeHbIraeTcsi 9uciio JoByiiek. KOHIEHTpalusi 3IeKTPOHOB PE3KO BO3PACTaeT,
COTIPOTHUBIIEHHUE MajaeT mouTd B 14 pa3. Jluaug 2 — oOpasen ¢ HU3KUM HadaJbHBIM CONPOTHBIEHHEM (p =~ 8.5 — 2
Om-cMm). Matepuan Oosiee KaueCTBEHHBIH, MMeeT OoJiee BBICOKYIO MCXOJIHYIO KOHIGHTpalMio Hocuteneil. [loatomy
BJIMSIHHE TEMIIEPaTyphbl BBIPAKEHO Msrde: CONPOTUBIEHHE CHiDKaercss B 4 pasza. Poct mpoBoaumocTu 00yCIIOBIIEH
YBEJIMUYEHUEM TIIO/IBMDKHOCTH | M aKTHUBAIMEHl MOIOJHHUTENBHBIX JTOHOpOB Zr. Jlunust 3 — TpeHn (yCpeaHEHHE).
[TyHkTUpHas JUHUS OTpaxkaeT cpeiHior 3aBucuMocTb p(T). OHa TOKas3blBaeT JHMHEWHOE MAJCHUE YACIBHOIO
CONPOTHBIICHUS O] IEHCTBUEM TeMIlepaTypbl. JTa JuHHsA 00o0Imaer moBeaeHue Si+Zr W IeMOHCTpUPYET OOIIUH
MeXaHH3M akThBaluu. Dusnueckue MexaHu3Mbl cHIDKeHHs p(T): AKTHBaLus LUPKOHUS KaKk JOHOPHOTO LEHTpA.
DopmupoBaHue KOMILIEKCOB ZI—O-Si, yMEHbIIAIOMUX KOJIHYECTBO NedeKToB. PocT KOHIEHTpalMi HOCHTENe N, 4To
ymenpmaer p = 1/( n p). VBennueHwe MOJABMKHOCTH | 3a CYET YMCHBIICHHS HOHHU30BAHHOTO PaCCesHHUS.
Crabunmsanys KpUCTAIMUYECKOW CTPYKTYPBI TP BEICOKUX TemIiepaTtypax. Takum oOpa3oM, MOBBIIIEHHE TeMIIepaTyphl
OT)KUTra MNPUBOAUT K CHCTEMATHYCCKOMY CHHIXCHHIO YJACJIBHOI'O COIIPOTUBJIICHHA, YTO CBA3aHO C KOMIIJIEKCHBIM
YIYUIICHUEM DJICKTPOHHOI'O U CTPYKTYPHOI'O COCTOAHUA KPEMHUS, JICTUPOBAHHOI'O IUPKOHUCM.

1el5 n(T): KoHueHTpauua HocuTenen B Si+Zr
1.4 1—p-Si+ Zr
2 —n-Si+ Zr
=#= 3 — Tpeua (annpokcuMaumnal -
1.2 Prag
-
-
-
-
1.0} -
- ”
7 2 27
Eos 1 =
= -
c =
-
-
0.6 ez
- -
’f
04f - -
0.2}
700 750 800 850 900 950 1000 1050 1100

Temperature (°C)

Pucynoxk 2. I'papux nokasvieaem memnepamypHyio 3a6UcumMOChb KOHYEHmMpayuu c60600HbIX Hocumeneil 3apsoa N 6 KpemMHuu,
JLe2UPOBAHHOM YUPKOHUEM, NPU O8YX MUNAX UCX0OH020 Mamepuaia (P-Si u n-Si)
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Tpu TMHUK OTPAXXAIOT peanbHOE MOBEICHUE MaTepuaia u 0000ménHnbiit Tpenn. Jlunus 1 — p-Si + Zr (700 °C
— 1100 °C). Poct xonuentpauuu N ot ~4.8x10"14 no ~1.1x10"15 cM™ cBsi3aH ¢ akTHBaLMel IMPKOHHS B KDEMHHUEBOM
peurérke. [Ipy MOBBIICHUH TEMIIEPATyPbl POPMHUPYIOTCS YCTONUMBBIE KOMIUIEKCH ZI—O—Si, KOTOpBIE BBICTYIIAIOT KaK
JIOHOPBI, CHIKask KOMITCHCALIUIO U YBEITMUYKMBAs BKJIAJ 3JIEKTPOHOB B MPOBOAMMOCTh. Jluaus 2 — n-Si + Zr (700 °C —
1100 °C). Poct or ~2.2x10"4 mo ~1.4x10"15 cM™® BeIpaxkeH cuibHee, 4eM B P-Si. B n-Tume wu3HAYaIbHO
MIPUCYTCTBYIOT 3JIEKTPOHBI, 8 aKTHBUPOBAHHBIE LIEHTPHI ZI MEHEe KOMIIEHCHPYIOTCA. [103TOMY BKIIa] aKTHBHPOBAHHBIX
TOHOPOB 3aMETHEE, YTO MPUBOANT K Ooiee KpyToMy HakinoHy tuHun.JInans 3 — Tpenn (ammpokcumanus). [TyHkTupHas
JIMHUS — CPEIHSSA AlPOKCUMAITHS TI0 IBYM ceprsiM. OHa TIoKa3bIBaeT o0mmuit xapaktep 3aucumoctd N(T) u oberdaer
BU3yanbHOE CpaBHEHHE. TpeHa MoaUEPKUBACT, YTO B 000X TUIIAX MaTepHana N yBeIMINBACTCA NPAKTHICCKU JINHEHHO
¢ Ttemmeparypoi. @msmdeckas mpupoma mporecca: [Ipm T > 900 °C axTuBHpyeTcs IHUPKOHWH, MEPEXOIIINN B
pacTBopuMOe cocTosiHue. BzammogeiictBue Zr ¢ kuciopoaoM ¢opmupyet komiiekes Zr—O-Si, paboraromiue Kak
JIOHOPBI. YMEHBIIAETCS] KOHLEHTPAHs ITyOOKHX JIOBYIIEK W IIEHTPOB 3axBara. [1oBBIIIAETCS MOJABHKHOCTH 33 CHET
CHIDKEHUSI HOHM30BaHHOTO paccestHus. Ooumii addext — poct N u poct npoBoaumocTd 6 = N p. Takum oOpazom,
TeMIIepaTypHas aKTHBAaLUs LUPKOHUS INPHBOAUT K YBEIMYCHUIO O3JIEKTPOHHOHW KOHILEHTPAIMd B KPEMHHUH, 4YTO
MIOJTBEPIKIACTCS] BCEMH TPEMs JIMHUAMH Ipaduka.

WU(T): Moaen»KHOCTE HOCKMTENEN B Si+Zr
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Pucynox 3. I'paghux nokaswvisaem, kax nodsusicnocms nocumenei (1) usmensiemest
npU NOBbILUEHUU MEeMNEPAMYPbl OMIICUSA KPEMHUSL, 1e2UPOBAHHO20 YUPKOHUEM

Hymepanus JIMHUI COOTBETCTBYET (DM3MUECKHM mpoueccaM B Matepraie. Jluuus 1 — p-Si + Zr. [ToaBHKHOCTS
pactét ot 520 no 910 cm?/B-c. Ilpuunnsr: mpu Temreparype Beimie 900 °C yBennanBaeTcsl paCTBOPUMOCTD ITUPKOHUS;
BO3HHUKAIOT KOMIUIEKCH ZI—O-Si, yMEeHbIIAKOIINE KOJHIECTBO JOBYILICK; YMEHBIIACTCS PACCEsHUE HA HOHU3UPOBAHHBIX
LEHTPax; CTPYKTypa CTAaHOBUTCS OoJiee yHnopspodeHHoW — | pacTér. Jluaus 2 — n-Si + Zr. [IogBmWKHOCTE pacTéT oT
460 o 875 cm?*/B-c. OcobeHHOCTH: B N-TUIC HOCUTEIH M3HAYAIBEHO 3JICKTPOHBI — MUPKOHHUHA MEHBIIIE KOMIICHCHPYET
UX; MOJBIKHOCTH pacTér OoJjiee IUIABHO; BIMsHHE NedeKToB W Kuciopona ciadee, yem B P-Si. Jlunus 3 — TpeHn
(ycpennénnass anmpokcuMmanusi). IIyHKTHp mOKassiBaeT cpeanee usmenenume W(T) mwis Bcex 00pasioB. OTo
MIOMOTaeT:CPaBHUBATh 00paslbl MEXAY co000if; BUAETh OOMIMII POCT HOABMKHOCTH C TEMIEPAaTypoil; OLEHUThH
CTPATEeTHI0 ONTHMAIBHOTO OT)KHUTA.

a(T): NpoeoaumocTe Si+Zr
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PuCyHOK 4. Cyeeﬂuqenue/vz memnepamypbl Habodaemcs CHUdICeHUe yaeﬂbHOZO conpomuejlieHusl U pocm KoOHyenmpayuu Hocumernei.
Tloosuoicnocms so3pacmaem U3-3a YMEeHbULeHUA UOHUSUPOBAHHO20 PACCEeAHUA nPpU aKkmueayu YUPKOHUAL.
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I'paduk o(T) mnokaspiBaeT, Kak O3JICKTPHYECKash MPOBOJUMOCTh KPEMHHS, JETHPOBAHHOIO LUPKOHHEM,
M3MEHSICTCS TIPH MOBBIMICHUH TeMIepaTypbl omxkura. Jluaus 1 — cepust 1 (p-Si+Zr). O6pasen ¢ BBICOKAM HCXOIHBIM
conpotuBieHueM (~28 Owm-cm). [lpu MOBBILICHHH TEMOEPATYpsl (OPMHUPYIOTCS AOHOpHBIE KOMIUtekehl Zr—O-Si,
YMEHBIIAeTCS KOJIMYECTBO Ie(eKTOB, pacTET KOHIEHTpauusi Hocutenei. [IpoBonumocts yBennuuBaercs ¢ ~0.035 mo
~0.50 Q7t-em™L. Jlunms 2 — cepus 2 (p-Si+Zr). Ucxoanoe compotuBienne Huxke (~8.5 Om-cm). PocT 6 MeHee pe3kuii,
HO CTaOMJIBHO YBEJMYMBACTCS BIUIOTH A0 TEX K€ 3HAYCHUH. 3/1€Ch BIHMSHUEC LUPKOHMS MPOSBISIETCS MATdYe H3-3a
Jy4IIero MCXOAHOTO KadecTBa Marepuana. Jluams 3 — tpenn. IlyHkTupHas nuHHMA — ycpeOHEHHAs TeMIlepaTypHas
sapucuMocTh o(T) i nByx cepmit. OHa OTpaxkaeT OONIYIO 3aKOHOMEPHOCTB: IMPOBOJMMOCTH JMHEWHO pacTéT ¢
TeMIIepaTypoi O1aromaps akKTHBAIMK LUPKOHUS M CHIDKEHHIO KOHIGHTpanuu aedexroB. dusndeckas mpupoaa pocta
o(T): AxTuBamMs MUPKOHMSA KaK JOHOPHOTO meHTpa. PopmupoBaHue KOMIUIEKCOB Zf—O-Si, YMEHBIIAIOIMUX YHCIIO
noBymek. Poct koHmeHTpammu Hocuteneil (N). YBenIWYeHHE IMOJBIDKHOCTH | 32 CYET YMEHBIICHHUS PACCESHUSL.
CHIKeHHE yIeIbHOTO COMPOTHBICHHS P M POCT poBoauMoctH (o = 1/p).

3akiaio4yeHue

[TpoBenénHoe wnccnenoBaHUE IOKAa3ajl0 CYIIECTBEHHOE BIMSHHE TEMIIEPAaTypbl OTXKHIra Ha JJIEKTPHUYECKHE
rapaMeTpbl KpeMHHs, JISTMPOBAHHOTO LIMPKOHUEM. [loBBIIEHHE TeMIepaTyphbl MPUBOIUT K aKTHBAIIMU IIMPKOHHEBBIX
LEHTPOB, POCTY KOHIEHTPAlUM HOCHTENEH W YBEIMYECHHUIO IOJBM)KHOCTH. bBBICTpoe oxnaxkaeHue QHUKCUpYeT
MeTacTaOHuIIbHbIE COCTOSAHMA, yydllas IMpOBOAUMOCTD. HOJ’Iy‘-IeHHLIe PE3YIbTAaThl MOATBCPKAAIOT IMCPCHEKTUBHOCTH
IUPKOHUS KaK JISTHPYIOEH IPUMECH JJIsl CO3/IaHMs BBICOKOTEMITEPATYPHBIX CEHCOPHBIX CTPYKTYP.
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EFFECT OF TEMPERATURE ON ELECTRICAL PARAMETERS
OF ZIRCONIUM-DOPED SILICON BY DIFFUSION

Sh.A. Ismoilov, Junior Researcher, ismoilov-2015@inbox.ru
Research Institute of Semiconductor Physics and Microelectronics at the National University of Uzbekistan (Tashkent),
Uzbekistan

Abstract. This paper presents a comprehensive investigation of the structural, spectroscopic and
electrophysical properties of zirconium-doped silicon under various high-temperature annealing and cooling
conditions. Raman spectroscopy, DLTS, four-probe measurements and the Hall effect were used to determine
resistivity, carrier concentration and mobility. It was found that rapid cooling stabilizes metastable Zr—O-Si complexes,
which increase conductivity and reduce scattering processes. Nickel forms NiSi, NiSi and NiSi_ phases confirmed by
Raman spectra, producing characteristic deep levels detected by DLTS. The results show a strong correlation between
phase structure, trap energy levels and changes in electrophysical parameters, demonstrating the prospects of these
materials for sensor and high -temperature device applications.

Keywords: silicon, zirconium, diffusion, annealing, Raman, DLTS, mobility, concentration, conductivity,
defects.
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Chemical sciences

XumMuueckKue HayKHu
VJIK 546(87.22+81.22)

HUCCJIEJOBAHUE TPOMHOM CUCTEMBI 5SnS,~3Bi,S;-7,55nS 11O PABPE3AM
Bi2S5~(5SNnS;)0.50(7,55NS)050M (3Bi2S3)0.60(5SNS2)0.40~(3Bi2S3)0.60(7.5SNS)0.40

n.Bb. Baxnmp.nml, P.1. Kypﬁaﬂonaz, HIL.I. Mameu033, B.C. Mameu034, I.C. Aﬁz|yJ1.11aeBa5
! JokTOp XUMIUECKHX HAayK, 3aBeAyIONuil Taboparopueii, ibbakhtiyarli@mail.com, ? kanauaaT XMMHYECKHX HAYK,
BeLyIIMii HayuHbIT coTpyaHuK, iradamelikova212@gmail.com, 3 kauaumaT XuMHUUECKIX HAYK, By HaydHBIH
corpymuuk, chemminfo@gmail.com, * kauaumaT XUMIYECKHIX HAYK, CTAPIIMIT HAYUHIA COTPY/IHIK,
vilayetmemmedov1980@gmail.com, ® nayunii cotpyamuk, iradam@rambler.ru
s MunucrepcrBo Hayku u O6pazoBanust AzepOaiimkanckoi Pecrryommku;
Huctutyt Karanuza u Heopranmueckoit Xumun uM. akag. M. Haruesa (baky), AzepOaiimkan

Annomayusn. Ha ocnosanuu cogOKynHOCMU — pe3yibmamos QuU3UKO-XUMUHECKO20 —AHANU3A  U3YYEHO
s3aumooeiicmeue meducoy Komnowenmamu SNSy;BiS3;SNS.  Hccnedosanvt  paspesvt BiSz3—B u m-n  mpoiinoi
cucmemwblISNS,—3Bi,S3—7,55nS. ITocmpoenvt ux ¢hazosvie ouazpammvl. Ycemanosneno, umo oba paspesa s6isOmMcs
HEeK8A3UOUHAPHBIM cedenuemM MmpouHot cucmemsl. IIpoxooum paspes Bi,S; — B uepes nona o0syx noouuwnennvix
mpeyaoavruxos 3Bi,Ss—SnBi,S;~55nS; u 5SNS,—SNBi,S4~7,55nS 1 nosmomy ezo ¢pazosas ouazpamma cocmoum uz 08yx
yacmeti. Paspe3 M—N makace npoxooum uepe3 noisi 08yX GMOPUUHBIX MPEY2OJIbHUKOS U NepeceKkaemcs ¢ paspe3om
SnS,—SnBi,S, 6 cocmase 60 mon. %on. Hosmomy e2o pazosas ouazpamma Oenumcst u CoCmoum u3 08yx 4acmeil.

Knioueevie cnosa: cucmema, cevenus, paspes, cunmes, ouazpamma, gasosoe pasrnosecue.

Beenenne

XaJpKOTCHU/IBI JJIEMEHTOB TOATPYNIBI TE€PMAHUS W MBIIIbSIKA, B YAaCTHOCTH, CYJb(UIBI 0JOBa M BHUCMYTa
SIBIISIFOTCS TIEPCHEKTUBHBIMUA TEPMOBJIEKTPHIECKUMH U (POTOUYBCTBUTEIHHBIMH MOIYIIPOBOJHUKOBBIMH MaTepHallaMy,
Ha OCHOBE KOTOPBIX CO3/IaHO YK€ HEMAJIO TEPMOIJIEKTPUUECKUX IIpeoOpasoBareneil sneprumn, K-onroanekTpoHuky B
Ja3epHONW TEXHHKE, B 3allOMHHAIOMNX ycTpoicTBax OBM, mis ¢otopesucropor [2, 8, 11-14, 16-22]. HUcxonmsa u3
BBIIIEN3JI0)KEHHOTO, KaK HaYYHBIH, TaK ¥ MPaKTUUYECKUH MHTEpeC NpeicTaBmiIo Obl Oosiee TiryOoKoe n3yueHne (HU3NKO-
XMMHUYECKOTO B3aUMOACHCTBUS MEXIY TUMHU XaJIbKOT€HHAMH.

C 3T0i1 TOUKH 3peHwsi, ABTOPHI MPOIOIIKAIOT HCCIICIOBAHUS [0 JTAHHOMY HarpaBiIeHuo [5-7].

ITouck ¥ wuccienoBaHUE HOBBIX TPOMHBIX (a3 C ydyacTHEM XaJIbKOTEHWOB OJIOBAa M BHCMYTa SIBIISIETCS
CBOEBPEMEHHBIM U aKTyaJbHBIM.

OcHoOBHas 1eJib pabOThI 3aKITIOYAETCS B BBISBICHUH (ha3000pa3oBaHusi B TPOWHOH cucteMe 5SNS,—3BiySs—
7.55nS o pa3peszamMm Bi253f(55n52)0_50(7.53”5)0.50 (B) U (3Bi2$3)0.50(5SnSZ)OAo(m)f(SBi283)0.50(7.5sn5)0.40(n).

B nuTeparype nmeercs MHOXKECTBO padoT, MOCBSIIEHHBIX 3TUM OMHAPHBIM XaJbKOT€HHHBIM COCANHECHUSIM,
KOTOpBIE OBLIN HEOOXOIMMBI IPH 00CYXKICHNH MTOTYYEHHBIX PE3YIbTaTOB HACTOSIIEH paboThI.

Momnocynbhua onoBa (SNS) mmpoko3oHHBIM nonynpoBoauuk [19, p. 2828], usBecTHo Oojee mecsTKa
TIOJIUTUITHBIX (POPM ITOTO COSIMHEHU. MOHOKPHCTAILIBI JKENThIE YeITyKH ¢ MeTaJutndeckuM OieckoM [1]. B mpupone
M3BECTEH KaK penkuid mMuHepan "repueHOeprurom”. IIpuMensiercs B (OTOIIEKTPHUECKHX COIHEYHBIX IIEMEHTAX,
OITORNIEKTPOHHBIX YCTPONCTBAX U B peakuusax nonumepusaiuu [13, 18, 21, 22].

Hucymsdua onosa (SNS;) — 30I0THCTO-KENTHIC KPUCTAILIIBI, HATOMHUHAIOIINE 10 IBETY 3051070 (MyccuBHOe
30J10TO), TOHYAUIIIHE TUICHKH 30JI0TOH (hOJIBTH.

Obpa3yeT KpHCTaIBl TPUTOHAIBHOW CHHTOHMM IIPOCTPAHCTBEHHas Tpymma P3ml; mapameTpsl sueiiku
a=0.365 uwm, ¢=0.583 um, a—90% y:1200.

B npupope cymecTByeT Kak penkuit MuHepan "oepHaTutT".

Kpucramisl SnS, 00mafaioT 10BOJBHO CHIIBHON (DOTOUYBCTBHUTENHHOCTBIO, YTO MPEACTABISET OOJBIION
HHTEpEC MOCKOIBKY OHA TIPUXOJNTCS Ha BUIMMYIO o6acts criektpa [4, 15, 21].

Bi,S; — xopnuHeBO-uepHBIe KpUCTALIBL. barogapst CBOMM YHHUKAIBHBIM CBONCTBaM BiyS; v ero KomMmo3uTer
MIPUBJICKAIOT PACTYIINH HHTEPEC B PA3IMYHBIX o0nacTax npumenenusmi [3, 9, 10, 23]. OH ucnonb3yercst B CTEKOIBLHON
MIPOMBIIINICHHOCTH B Ka4€CTBE KPACHUTEIIs, SJIEKTPOHHOH KEPaMHKH.

Cynbdua BHCMyTa IOJIyIIPOBOAHUKOBEIM MaTepuall, IIUPOKO HCIIONIb3yeTcs B CONHEYHbIX Oarapesx, JIP[l n
nH(}ppaKpacHOM ONTHYECKOM CIIEKTPE, TAKXKE HCIIOJIb3YeTCs B COCIMHECHHH BUCMYTa, aJIMTHBHOM JJISl JIETKOW PE3KH
Cien, MUKPORJIEKTPOHHOW MIPOMBIIIIIIEHHOCTH H T.1.

© Baxtuspnsl U.b., Kypbanosa P.JI., Mamernos LI1.I"., Mamenos B.C., AGaymnaesa LI.C. /
Bakhtiyarly 1.B., Kurbanova R.D., Mammadov Sh.G., Mammadov V.S., Abdullayeva Sh.S., 2025
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Lenp HacTOSIIETO UCCIEAOBAHUS COCTOSIA B U3y4EHHH HEKB3MOMHAPHBIX CeUCHHH (TPOWHON cucteMbl SSNS,—
3Bi,S3—7,55NS) kOTOpbIE MMEIOT CYIISCTBCHHOC 3HAYCHHE MPU TOCTPOCHHH MPOCKIMH MOBEPXHOCTH JHKBHIyCA
TPONHOU CUCTEMBI.

OKCITEPUMEHTAJIbHASA YACTb

Jnst wccnemoBaHus TPOWHOM cucteMbl 5SNS,—3BiyS;—7,5SnS mo paspesam m-n u BiS;-B, Obuin
UCIIONIb30BaHbl METOABl An((PepeHInanbHO TEPMHUYECKOTO, PEHTIeHO(ha30BOro, MHUKPOCTPYKTYpHOTO aHalu3a |
N3MEPCHUN MUKPOTBEPIOCTH.

MuxkpoTBepAocTh (a3 B CIUTaBax W3MEPSUTH MO M3BeCTHON Meroauke [23] Ha mpubope [IMT-3. Harpyska Ha
anMasHyro nupamuay coctasisiia 0.01-0.02 H.

HccnenoBanust MUKPOCTPYKTYPHI OCYIIECTBIIUIN HAa MeTauiorpadudeckoM Mukpockorne MUM-8.

JuddepeHnnatbHO-TepMUIECKHUI aHAIN3 BBITIONHSINA C TOMOIIBI0 Tipubopa Yupiter STA 449 F3 NETZSCH
B CHCTEME CHHXPOHHOTO TEPMHUYECKOTO aHAIIH3A.

TOYHOCTb OMNpE/IeNCHNS TEMIepaTypsl TerioBeiX d(dexToB cocrapmsuia +1°C. CKOPOCTh HATpEBAHHS M
oxnaxnenus — 10 rpag/muH. PenTreHoghas3oBblii aHamu3 00pa3loB MPOBOAWIN Ha peHTreHoaudppakromerpe Bruker2
Phaser. O6pasist GBUTH CHHTE3UPOBAHBI M3 DIIEMEHTOB Mapku ojoBa Sn—B—4; Bi—B-4; cepa OCU.

CuHTe3 MCXOJHBIX KOMIOHEHTOB M OOpa3loB MPOBOAWIN B BaKyyMupoBaHHBIX 10 1.33 Ila m 3anmasHHBIX
TOJICTOCTEHHBIX KBapIEBBIX aMITyJax.

[Teuyr 3apaHee HarpeBaiiM, 3aTeM aMmmysibl ¢ oOpa3laMM IIOCTENIEHHO TMOTpYyXKajld B I€4b, I[OJHHMAs
TEeMIIEpaTypy Ha 50-70°C Bbie TeMIIepaTypsl IJIaBjeHus. PacinaB BeIepKUBaANIN [IPU 3TOH TeMIeparype B TeueHue 6
yacoB. [Iporiecc NOBTOpsUICS HECKOIBKO pa3. 3aTeM aMITyJibl 3aKasiin. Jlanee ciauTok ObUT roMoreHn3npoBaH. HaBecku
Ka)XJI0T0 00pasIibl COCTAaBISUH 2-3 T.

PE3YJIbTATBI U UX OBCYKJIEHUE

Cucrema 3Bi283—(58”52)0.50(7.58“8)0.50.

Paspes 3Bi;S3—(5SNnS;)0.50(7.55NS)g 50 ABISETCS qUATOHATIBHBIM CEUCHHUEM TPOHHOW cHcTeMbl 5SNS,—BiSz—
7.55nS. M3ydenne 3TOro paspesa AAaeT BO3MOXKHOCTH ONPEICIHTh KOOPAMHATHI HOHBAPHAHTHBIX 3BTCKTHYECKUX H
MIEPUTEKTHYECKUX TOYEK TPOHHOI CHCTEMBI.

Hcxoansiii KOMITOHEHT (5SNS;)g50(7.5SNS)g 50 (MEXaHHUUECKHIA COCTAB) HAXOAUTCS B GMHAPHOM cHcTeME SNSy—
SnS, xoTopast SBISETCS COCTABHOW 4YacThlO TPOWHOM cucTeMbl. OOpasipl MONYYEeHbI CIUIABICHHEM 3JEMEHTOB IPU
temreparype 750+1100 K B oTKaueHHBIX KBapLEBBIX aMIyjJaX IOpHU NEPUOIUYECKOM BCTPSIXHUBAHUU BPYYHYIO C
MOCTETYIONUM MEJUICHHBIM OXJaXKAeHHEeM. [ OMOTreHM3UPYIONINM OTKUT CIIaBOB NMPOBOAWIHM IpH TeMmepaTtype 700 K
B TeueHue 200 4.

B3aumopeiicTBue Mexay HWCXOAHBIMH KOMIIOHEHTaMHM u3y4anun Ha 17 oOpasnmax, CoCTaBbl KOTOPBIX
npenacrasieHsl B Tabn. 1. lannbie JITA yka3pIBaloT Ha CIIOKHOE B3aUMOJIEHCTBHE B pa3pese, Tak Kak Ha TepMorpaMMax
00pa3IoB UMEIOTCS 110 TPH, YeThipe 3 dekra.

W3yueHne MUKpOCTPYKTYpHI Ha OTHUTN(OBAHHBIX, OJMPOBAHHBIX TIOBEPXHOCTAX ITOKa3aJlo, YTO Bce 00pasIbl
paspesa (xpome 45 n 70 moms% B) tpexdazusie. I[Ipn m3mepennn mumkporBepiroctu ¢ Harpyskoi P=0.1 H Opum
paccunTaHbl MUKPOTBEJOCTD KaXKa0# (ha3bl. [lomydeHs! mecTs psiioB 3HAaYCHUH MUKPOTBEPIOCTH:

Hust a' SnS, 600-650 MIla; aBi,S; 1500-1540 MIla;SnBi,S, 1700-1720 MIla;S; Sn,S3; 570 MIla;S,
Sn3S,590-600 MITa;y-SnS 510-530 MITa.

Pesynpratel POA xopomo cornacytores ¢ nanueiMu ITA, MCA u uamepeHreM MUKPOTBEPIOCTH.

Ilo COBOKYITHOCTH pe3yJIbTAaTOB BBINICYKa3aHHBIX METOJOB IOCTpOCHA (ha3oBas auarpamma paspesa 3BiS;—
(5SnS,)0.50(7.55NS)g 50 (prc. 1). YcraHOBIEHO, YTO pa3pe3 SIBISETCS HEKBa3MOWHAPHBIM CEYEHHEM TPOHHOM CHUCTEMBI
55”52*3Bi25377.55ns
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Tabnuya
Pesyabratsl ITA, n3MepeHusi MUKPOTBEPAOCTU CUCTEMBI
3Bi,S3—(55nS5)0.50(7.5SNS)0.50 M (3Bi2S3)0.60(5SNS;)0.40—(3Bi2S3)0.60(7.55NS)0.40
Coctas, Mo1b.% Tepmuyeckue Muxkpotsepaocts, MIla
Bi,S; | B a¢dekrl, a’-Sns, a- Bi,S, B- S:5n,S; S, SnS
HarpeBanus, K SnBi,S, SnzSy
100 - 1080
93 7 1070, 855, 810 610 1500 1650
95 5 1050, 850, 810 600 1500 1680
90 10 1030, 850, 810 640 1520 1680
85 15 975, 1055, 815 620 1520 1650
80 20 950, 850, 810 610 1510 1700
75 25 890, 850, 810 630 1530 1680
70 30 865, 845, 810 640 1500 1680
65 35 880, 825, 810 600 1500 1680
60 40 900, 850, 810 HE NIPOM. HE IIPOM. HE NIPOM. 570 590
50 50 980, 865, 815 580 600
45 55 865, 845 580 620
40 60 875, 840 620 HE TPOM.
30 70 860, 925, 840 HE TIPOM. 510
20 80 950, 850, 825 540
15 85 970, 900, 950,825 520
10 90 975,945, 915, 830 510
5 95 995,970, 945, 825 530
0 100 1000

OH mepecekaeT JBa KOHICHTPAI[MOHHBIX TPEYrojbHUKA: 5SNS,—BiyS;—SnBi,Sm 5SnS,—SnBi,S4—7.5SnS.
[TosToMmy ero azoBast Auarpamma AeNUTCS Ha JABE YacTH.

KpuBas nukBHayca paspe3a COCTOMT W3 MEpBHUYHON KpHcTaumzamuu (k+o) (k+P), (k+a’)(x+S;) ¢a3. B
CYOIMKBHIYCE MPOMCXOAUT BTOopuyHas kpuctamwmsanus ¢a3: (a+fB); (B+a’); (S+a'); (S1+B); (S2+B) (S1+S,)(Saty).
3akaHYMBaeTCs KPUCTAIM3ALMS B IEPBOM YacTu paszpesa NpH TPOHHON 3BTEKTUYECKOI TOPH30HTANIN IPU TeMIepaType
810 K (E;). B unrepBane xonuentpauud 45+70 monb.% BiySz—(55nS;)050(7,55NS)050 HAXOAUT CBOE OTpaskeHUE
TpOiHAs MEPUTEKTUYECKAs KPUCTAJUIU3AIUS COCAMHCHUI SnySau SngS, 00pa3yromuxcss HHKOHIPYIHTHO B OWHApHOU
cucreme 5SnS,—7.5SnS. Tonuas kpucTaum3aiys CiuiaBos, cojaepxamux 45+70 mon% BiyS;—(5SnS;)g50(7.55nS)0 50
3aKaH4YMBAETCA MPH TeMiieparype TpoiiHoi neputektuku P1870 K. 3akaHunBaeTcss KpuUCTAIIU3aAIUs BO BTOPOM YacTH
paspesa 3arBepjeBanueM (a3 1mo ypaBHEHHIO X<>SNBi,S,+Sn3S,+SnS mpu temneparype TpoiHoit 3BrekTHKH E; (B
ropuzoHTanu 825 K).
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Puc. 1. @azosasn duazpamma paspesa 3BirSz—(5SnS;)q.50(7.5SnS)0 5.

Takum oOpasoMm, moctpoeHa (azoBas amarpamma paspesa 3BirSs—(5SNnS;)os0—(7.55nS)g 50 B. Yeranosneno,
YTO paspe3 SBISEeTCS HEKBa3sHOWHAPHBIM CEYCHHMEM TPOWHOW CHCTeMBl M (pa3oBas auarpaMma €ro COCTOMT M3 JBYX
CaMOCTOSITENBHBIX YaCTEH.

Paspes (M —n), (3Bi,S3)060-(5SNS2)0.40 (M)—(3Bi2S3)0.60~(7.5SNS2)0.40 (N).

HcxXoaHbIMU KOMITIOHEHTaMH Juisi u3ydeHus (a3000pa3oBaHus B paspe3e M-N CIyXWIH NpeIBapUTEIbHO
CHUHTE3MpOBaHHbIe MexaHuueckue coctaBbl (3BiyS3)oe0—(5SNS2)040(M) U (3Bi2S3)oe0—(7.55nS2)040 (N). PazoBbie
paBHOBECHS U3y4Y€HBI MMOCPEINCTBOM cuHTe3a 15 cruiaBoB npu TemneparypHoMm unrepsaie 700-970 K. Ilocne cunTesa
npu temmepatype 750K mpoBoamim rToMOreHu3upyomuil oTKUT B TeueHue 150 4. VccnmemoBanbl 00pas3mbl METOAaMU
¢dm3uKo-xuMuIeckoro ananmsa. Ha ocHoBannu pesyinpratoB JITA ycraHoBieHo, 4To uymciao 3¢(p(exToB ykasbIBaeT Ha
CJIOKHBIM XapaKkTep XMMUYECKOTO B3aMMOIEHCTBHS MEXy M H N.

MUKpOCKONIMYECKOE HCCEIOBAaHUE IOKazalo, 4ro kKpome coctaBoB 60; 70 u 80 mMon% N Bce criaBbl
Tpexdasubie. B crmaBax mpuMeHsUUCH cieaytolue 3aueHus Mmukporsepaoct: 15001700 MITa (BSnBi,S,); 500-540
MITa (ySnS); 1500-1540 MITa (aBi,S3); 660 MIla (a' SnS,); 570 MlIla (Sn,S3); 590 MIla (SnsSy) .
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Puc. 2. ®azosas ouazpamma paspesa (3Bi»S3)q 60(5SNS2)0.40(M)—(3Bi2S3)0.60(7.55NS)0.40 (N)

Jannsle POA Haxonsarcs B xopoieM cornacuu ¢ pesyiabratamu JITA u MCA. Ha ocHOBaHMU pe3ynbTaToB
(bHU3MKO-XMMHUYECKOT0 aHaJIM3a Oblla OCTPOSHA IMarpaMMma COCTOSHHUS pazpe3a m-n (puc. 2).

Kak BumHO, pa3spe3 sBisleTCS HEKBa3MOMHAPHBIM CEUEHHEM TPOMHOU cucteMbl 5SNS,—BiS;—7.55nS Paszpes
MPOXOIUT Yepe3 IOl JABYX BTOPHUYHBIX TPEYTrOJbHHKOB M MepecekaeTcsi ¢ paspe3oM SnS,-SnBiSse cocraBe 60
moin.%n. [Toatomy aenutcs Ha ABe yacTH. YacTb pa3pes3a B uHTepBaje KoHUeHTpauui 0+60 mMoiu. %N npoxoauT yepes
TpoitHyto cuctemy (5SnS,—Bi,S;-SnBi,S,). 31ech TUKBHIYC COCTOMT M3 JIBYX BETBEW MEPBHYHON KPHCTAJUIH3ALMN
(aBi,S3) wacth, KOTOpO# OCTaeTcs B 00JAaCTH pacciauBaHUs ¥ BEeTBb Kpuctamtuzauuu B(SnBi,S,). B sTo#t uwactu
paspesa umeeTcst OIHO IBTEKTHIECKOoe paBHOBecHe mpu 810 K [E4].

()K(—)Bi283 + SnBi,S, +Sn82).

Bo BTOpoii uyacTM pa3spe3a B3aHUMOJCHCTBHE MPOMCXOAUT B TpPEYroibHHKE 5SNS,—SnBi,S,~7.5SnS ¢
00pa3oBaHUEM NIBYX MPOMEXKYTOYHBIX (a3 S; u S, 1Mo MepeTeKTHISCKUM peakIusM mpu Temieparypax 860 u 840K.
O0pazyroTest coeTMHEHNs S1 U Sy 110 peakIiu:

K+SNS,<>S; + SnBizs4 (Sl)
*K+SN,S;¢> SnS, +SnBizs4 (Sz)

Kpucrammmsanus 3akaHIABAETCS IPU TeMIlepatype TpoiHoi srektuku 825 K [E,].
)K(-)SﬂBizS4 +Sn3S4 +SnS [Ez]

IpoBeneHHOE HCCIIEOBAHKME MMOKA3AJI0, YTO paspe3 M-N sBIsAETCS HEKBAa3HOWHAPHBIM CEUCHUEM TPONHOM
cucteMsl 5SNS,—Bi,S3—7.55nS.

BbIBO/1bl

Takum o0pasom, uccienoBaH paspe3 M-N TpoitHoH cuctembl 5SNS,—SnBi,S,~7.5SNS, nmoctpoeHa ¢aszosas
JMarpaMMa ero Bo BCEM MHTEpBajie KOHIEHTPaIHH.

YcTaHOBIIEHO, YTO pa3pe3 SABISAETCS HEKBa3MOMHAPHBIM CEUCHHEM TPOWHOHN cucTeMBbl. M30TepMuyueckue JIMHUN
npu 810, 825 K oTpakaloT HOHBapHAHTHOE PABHOBECHE B YACTHBIX CHCTEMax TPOWHOH cucTeMbl 5SNS,—SnBi,S,—
7.58nS.
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STUDY OF THE TERNARY SYSTEM 55nS,-3Bi,S;—7.55nS ALONG THE SECTIONS
Bi,S5—(55NS;)0.50(7.55NS)0.50 AND (3Bi2S5)0.60(5SNS2)0.40—(3Bi2S3)0.60(7.55NS)0.40

1.B. Bakhtiyarly’, R.D. Kurbanova? Sh.G. Mammadov?, V.S. Mammadov*, Sh.S. Abdullayeva®
! Doctor of Chemical Sciences, Head of the laboratory, ibbakhtiyarli@mail.com, ? Candidate of Chemical Sciences,
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Abstract. Based on the set of results of physicochemical analysis, the interaction between the components SnS,
;Bi»S3; SnS was studied. The sections Bi,S;—B and m-n of the ternary system 5SnS2-3Bi2S3-7,5SnS were investigated.
Their phase diagrams were constructed. It was found that both sections are non-quasi-binary sections of the ternary
system. The section Bi,S; — B passes through the fields of two subordinate triangles 3Bi,S;—-SnBi,S;~5SnS, and 5SnS,—
SnBi,S,~7,55nS and, therefore, its phase diagram consists of two parts. The m—n section also passes through the fields
of two secondary triangles and intersects with the SnS,—SnBi,S, section in the 60 mol. %n composition. Therefore, its
phase diagram is divided and consists of two parts.

Keywords: system, sections, section, synthesis, diagram, phase equilibrium.

21



ISSN 2308-4804. Science and world. 2025. Ne 11 (147)

V]IK 54

BJIMSAHUE KOMIIVIEKCHOI'O CPEJACTBA I'EITAXOJIETOJIA HA IOKA3ATEJIM JIMIINAOB
N JIMIIONMPOTENI0B HA ®OHE TOKCHUYECKOI'O I'EITATUTA

X.C. l].lapminoual, JI.A. A3onoB?
! crapmmii HayunEIi cotpyamuk, rt.dushanbe@mail.ru, > rnaBusiit HaydHbIT COTPYIHAK, azonov2025@mail.ru
! THUM MMuranns MUHUCTEPCTBO NPOMBILUIEHHOCTH U HOBBIE TexHOoJoruu PT,
2T'Y HUU dynnamentansuoii Meauuas TOY « TTMY um. AGyami n6nn Cuno" (r. Jlymran6e), TamKkuKkucTan

Annomayusn. B 0annoi cmamve npedcmasienvl pe3yibmamol SUROIURUOEMUYECKUX CBOUICINE 2eaX0Nemoaa Ha
@one nodocmpoeo moxcuueckozo nopadxcenus nedenu CCIl4. Coenacno nomyueHHviM pe3yibmamam 2enaxonemon 8
dozax 0,01 u 0,02 2/ke maccer docmogepro (P<0,05-0,001) crhudicaem nosviuieHHy10, n00 GIUAHUEM 2eNAMOMOKCUHA,
xkonyeumpayuro OXC, TI' u @JI no omHoOweHu0 K KOHMPOIbHbLIM HCUBOMHBIM. [IposedeHHbiMu UCCIed08aHUsMU
makoice YCMAaHos81eHo, YMmo 6 pe3yibmame UHMOKCUKAYUYU 2eNamomoKCUHOM NPOUCcXooum cHudicenue ypoeuu JIIIBII,
nosviuienue noxasameneu JIINOHII, JIIIHII u KA. B pe3syibmame MecAuyHO020 SHYMPUIHCETYOOUHO2O B8E0EHUs
eenaxonemona 6 003ax 0,01 u 0,02 e/ke maccer konyenmpayus JIIIBII nogviuaemcs na 80,0% u 81,7%, a yposenv
JITIOHIT, JIIIHII u KA oocmosepro (P<0,05-0,001) cuuscaromcs no Omuouwlenuro K  KOHMPOAbHbIM CePUSM.
Ipenapamul cpasnenusa onumemun u kapcun (0,02 e/ke u 0,05 o/ke) npu cpagnumenvbHOM AHAIU3E OKA3AUCHL MeHee
ahhexmusHbIMU N0 CPABHEHUIO C 2eNAMOXOLEMOJIOM.

Knroueswie cnosa: cunorunudemuss, mempaxiopmeman, 2eNaxoiemos, Xoiecmeput, 1unonpomeuosl, Iunuobl,
Memabonuyeckui CUHOPOM, KPbICbl, 2enamum.

AKkTyanbHOCcTh. B Hactosmee Bpems Merabomudeckuid cunapoM (MC) mpuobperaeT XxapakTep NOUYTH
MaHJeMHUH U 0XBaThIBaeT okoyio 20-40% HaceneHus 3amaHbIX CTPaH.

VYCTaHOBNICHO, YTO MeTabOJMYECKUN CHHAPOM, Hapsily C JIUCIUIHJIEMHEH, CIIOCOOCTBYET pa3BUTHIO
a0JJOMHHAJILHOTO OKUPEHHS, HHCYJIHMHPE3UCTEHOCTH, CEPACUHO-COCYAUCTHIX 3a00IeBaHNH, caxapHoro auabera 2 Tuma,
MOJIarpsl, aTepocKiIepo3a u ap. [2-4].

CornacHo pa3paboranabivu maHHbM (MJI®D-IDF) (2005), obmumu kputepusmu 1t MC SBISIOTCS: YPOBHb
TPUIIIHAIICPUAOB BHIMIEe 1,7 MMOJB/JI, colaepkaHue aHTHaTeporeHHbIX jumonporennos (JIIIBIT) mmke 1,3 mMmons/im y
My>XK9HH U 1,29 MMOJIB/IT y KEHIIMH, KOHIIEHTPAIHS TIIFOKO3BI HATOIIAK BBIIIE 5,6 MMOJIB/T, a TakKe YpoBeHb A/l BhIme
130/85 mmM pryTHOTO cTonba [3, 9, 5]

Hapsay c¢ »TuMm, TunepnuaeMusi W THIEPXOJECTEPUHEMHUS CIIOCOOCTBYIOT pa3BUTHIO KOMIUIEKCHOTO
HapyIIEHUs] CHCTEMHON pEeryasilud OOMEHHBIX MpOIECCOB, B TOM dHCIe OOMEHa IMIHAOB M aTePOreHHBIX
JUMONPOTEUAOB MO BO3JEHCTBHEM BHEIIHUX M BHYTPEHHUX (DaKTOPOB, KOTOPBIE HEMOCPEIACTBEHHO YYaCTBYIOT B
MPOSIBIICHHH TUCIHITHICMHIH U IPyrUX 3a00JI€BaHUH, OTHOCSIIUXCS K JaHHOMY cuHapomy [I, 2, 10].

YcraHoBieHO, YTO A(UPHBIE Macia, TAKWe Kak repaHUueBoe, IaBPOBOe, (PEHXEI0BOE, TMMOHHOE, KOPHAHAPOBOE
U Ip. 00JIAaI0T TUIOMUIAICMHICCKUMU CBOHCTBaMH [ 1, §].

W3yueHne remaTo3amUTHBIX CBOMCTB KOMIUIEKCHOTO 3(HPOMACIMYHOTO CPEACTBA Tremaxoserona Ha (one
TETPaxJIOPMETAaHOBOI MHTOKCHKAIMH TIPEICTABISIET 3HAUNTEIHHBIH HHTEpEC.

IHeabi0 HACTOABIIEr0 MCCIEIOBAHMS SIBIIOCH ONpEJENICHNE ANCIUINICMHUUECKUX CBOMCTBA TeIaxoyeTona
IIPY TOKCHYECKOM TeTaTHTe Ha OeJIBIX KPBICAX.

Martepuaabl U MeToabl. VcciaenoBanus ObUTH MTPOBEIECHBI HAa 56 OCNbIX OSCTOPOIHBIX KpbIcax Maccoit 220-
230 rr. Ha 6aze HWJI I'Y HUU Oyunamentanshoi meauuuubl [OY TI'MY umenu AOyanu uOHu CuHo. KuBOTHBIE
ObUIN pacrpeneNieHsl cienyromuM obpasoM: 1 — MHrakTHBIe. 2 — KOHTpOJIBHBIE, KOTOPBIM BBOJMIN TOJBKO 50%
Mmacisiaelid pactBop CC14 B oObeMe 2 MII/KI Macchl uepe3 JeHb B TedeHue 1 Mmecsiua. 3 — XKuBoTHble, mosyyaBiime
remaxoseron B go3e 0,01 r/kr wa ¢oue CCl4. 4 — XKuBorHble, moay4aBmiue remaxonerona B goze 0,02 r/kr. 5-6 —
JKuBOTHBIE, TIOTyYaBIINE ONMMETHH M KapCWi IO BBIMIeyKa3aHHOH cxeme B mo3ax 0,02 m 0,05 r/kr. Konnenrpanus
00IIIeTO XOJIECTEPUHA, TPUTIUIEPUIOB U (HOCPOTUNUIOB ONPEAeUA Tipyu oMoy OuonatectoB ¢pupmsl VITAL Ha
OonoxumuueckoM aHanm3arope FAX-3400. Cogpepxanne XC B JIIHIT paccuutsiBasin  mo  Qopmyie
W.T. Friedewald (1972):

XC JIITHIT = OXC — (XC JHIBII + TI'/2.

XC JHIOHIT u XCJIIHII — pacuyetnsiMm Metonom: XC JIIHIT — XC — XC JIIIOHII, BbUUCHSIA J10JTEO
conepxanus XC JIIIBIT or OXC u KA — o dopmyrne A.H. Kinumora: KA = (OXC — XC JIIIBIT)/XC JIIBII.

[Tomyuennsie 1MQpPOBHIE TaHHBIE ONMPENEIUIN CTATUCTHYECKHIM MeToaoM CTBIONEHTA IyTeM OMNpeIeiICHHS
cpemHeapupMeTHIecKuX IoKa3aTened M, CTaHZapTHBIX OIMMOOK m, MOKa3aTeled IOCTOBEPHOCTH MPH pPa3HHUIIE
3HadeHnit t U P. 3navenus P<0,05 u P<0,001 omeHmnm kak JOCTOBEPHYIO Pa3HHUIYy IO CPAaBHEHHIO C KOHTPOJBHOI
IPYIIION.

Pe3yabTaThl U X 00cy:xkaeHusi. /11 BEISICHEHUS BIHSHMS T'elaxojIeTojla Ha MOKa3aTeNd JIMIHIOB COCTaBa

© Hlapudzoma X.C., Azonos J[.A. / Sharifzoda H.S., Azonov D.A., 2025
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KPOBH aBTOpPaMH OBIJIO M3YYEHO BJIMSHHUE UCIIBITYEMOI'0 CPEICTBA Ha YPOBEHb OOIIEro X0JIECTEPHHA, TPUTIIMLEPUI0B U
(ochoannuaoB Y )KUBOTHBIX, OTPABICHHBIX TETPAXIOPMETAHOM.

Kak moka3ano Ha puc. 1 u 2, Mecsunoe moakoxxkHoe BeneHne CC14 cmocoOCTBOBAIO MOBBIIICHUIO OOIIEro
xoniectepuna Ha 40,86%, TpurnunepuaoB Ha 2,8 pasa W CHWKEHHIO ypoBHs (ocomununoB Ha 41,0%. B cepusx,
noxyuaBiux remaxosieros B gozax 0,01 m 0,02 r/kr maccel Tena, KOHLUEHTPALHs XOJECTEPUHA COCTaBa CHIBOPOTKH
KPOBHU II0 CPAaBHEHMIO C HEJICUEHHBIMH IpyNIaMu CHIbKanach Ha 37,0%, 35,1%.

B cepusax, moxydyaBIIMX Npenapatsl CPaBHEHHS OJMMETHH M KapCWwil B YKa3aHHBIX [03aX IIOKa3aTelb
XOJIECTEpUHA B CEIBOPOTKE KPOBH Takxke ymeHbaercs Ha 29,0% u 33,3%.

[Tokazarenu OXC B MMOJIB/II

WHTaKT-KOHTPONL lenaxoneton 0,01-0,02 ONMMETHH-KapCKn

Puc. 1. Bauanue eenaxonemona na noxkasamenu obwezo xonrecmepuna (OXC) npu mokcuueckom nopascenuu neveru CCI14

I'emaxosieTon okazan Takke IMOJOXKHUTEIBHOE BIMSHHE Ha IOKa3aTeId TPUIIIMLEPHUIOB COCTaBa KPOBH.
CornacHo pe3yibTaTaM, NPEACTaBICHHBIM Ha pHUC. 2, KOHILEHTpalMs TPUIIHLEPHUIOB B CEPHSX, IMONy4YaBIIUX
remaxoseron B 1o3e 0,01-0,02 r/kr Macchl O OTHOIICHHIO K KOHTPOJIBHBIM JKMBOTHBIM CHIDKaeTcs Ha 27,5 u 27,0%.

Heo0xouMo OTMETUTB, 4TO B CEpHUsX, NONTY4YaBIIMX Hperaparsl cpaBHeHUs onuMmetdH u kapcui (0,02-0,05
I/KT), ypOBEHb TPHUINIMIEPHIOB CHIXkaeTca Ha 16,0% um 16,4%, 4T0 3HAUMTENBHO HIKE aHaIorm4Horo sddexra
TeraxoJeTosa B yKa3aHHBIX J03aX.

IMoxkazatenn TT B MMOIE/T

1,89

MHTaKT-HOHTPOAB MNanoxoneron 0,01-0,02 OnumeT-Kapcun

Puc. 2. Bausnue cenaxonemona na noxasamenu mpueauyepuoos (1I°) npu moxcuueckom nopadxcenus nevenu CC14

Jpyrum, Haubojee BaKHBIM, MOKa3aTejleM IIPH TOKCHYECKHX MOPKEHUAX MEUCHU SIBIISETCS [10Ka3aTellb
¢bochonMnuaoB, KOTOpble B HOPMAJbHBIX YCIOBHUSX 3alHINAIOT CTPYKTYPY IE€YEHOYHBIX KIIETOK, YCHUJIMBAIOT
3alllUTHBIE (YHKIMW TEYeHH, YYacTBYIOT B TPaHCIOPTUPOBKE IPYrHX JIMIHJIOB B OpPraHHU3ME M CIIOCOOCTBYIOT
YIIY4IIEHUI0 3KCKPETOPHBIH (QyHKIUK rnedeHn. CHIDKEHHUE YPOBHSI KOTOPBIX CBUJICTEIBCTBYET O TSXKEJBIX HAPYIICHHSIX
(YHKIMY TTIEYEHHU.
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TTokazaremu ®JI B MMOIE/T

WHTEKT KoHTpOAB lenaxonet-0,01-0,02 Onume-kapcun

Puc. 3. Bauusinue 2enoxonemona na noxazamenu gpocgonrunudos (@JI) npu moxcuueckom nopasicenus nevenu CCI14

ITony4yeHnHble pe3yabTaThl CBUAETENBCTBYIOT O TOM, UYTO T€MAax0JeToN B yKa3aHHBIX J03aX aKTUBHO 3alUINAET
MEYCHOYHBIC KJICTKH M, TEM CaMbIM, YJIydmiaeT oOMeH (HOCHOIHUITUI0B, KOHIIEHTPAIMS KOTOPBIX Y KPbIC, MOJTYYaBIINX
renaxosoeron B go3ax 0,01u 0,02 r/kr mMacchl IO CPaBHEHHIO C KOHTPOJBHBIMH CEpHSIMH IOBHIIIanack Ha 114% u
116,9%. B cepusix, MOIy4aBIINX MpemapaThl CPAaBHEHHs OJUMETHH U KapCHI YpOBeHb (HOCHONUIUIOB MOBBIIIANICT Ha
104,0% u 112,0%, 4TO0 CBHUIETENBCTBYET O TOM, YTO MO 3(P(EKTHBHOCTH TeIaxoJICTON 3HAYUTENHHO MPEBOCXOIUT
AQHAJIOTUIHBIA 2PPEKT OMMMETHHA W HE3HAYUTEIHHO KapCuia.

Takum o6pazom, remaxoneron B go3zax 0,01 u 0,02 r/kr maccel Ha pore CCl4 oka3pIBaeT MOJIOKUTEIBHOE
BIIMSTHAC Ha OOMEH JIMITHIOB U IO Y3Q(QEKTUBHOCTH HE YCTYIIACT II0 MperapaTaM CpaBHEHHS OJIMMETHHY H KapCITy, 9YTO
SIBIISICTCS TTOATBEPIKICHHEM TUOJIUITAICMAYECKIX CBOMCTB UCTIHITYEMOTO CPE/ICTRA.

Vcxons W3 MOJOXKHUTEIBHOTO BIMSHUS TeMaxojeTolia Ha JUMUIHBIN 0OMEH B JabHEHIIIEM OBbLJIO M3YYEHO €ero
BIIMSTHUE HA MOKA3aTeIN JTUTIONPOTEUIOB COCTaBa KPOBHU.

IIpoBeneHHbIC MCCIEIOBAHUS TOKA3aM, YTO Ha (JOHE TOKCUYECKOTO MOPAKCHUS TCUCHH TETPaXJIOPMETAaHOM
Habmromaercst cHmwkenust yposau JIIIBIT wa 22,0%, nossimenne JITTOHIT na 122%, JITIHIT B 1,5 pa3a u moBklinicHre
mokazareisi koddduinmenta areporeHHocT Ha 41,0% MO OTHOIICHHIO K WMHTAKTHBIM JKHBOTHBIM. B cepusix,
mojy4yaBmux remaxosietoioMm B mo3e 0,01 u 0,02 r/kr mMaccel B Te4eHHE OJHOTO Mecsia koHmentparus JIIIBIT mo
CpPaBHEHMIO C KOHTPOJIbHBIMU >KMUBOTHBIMU NoBbILIaeTca Ha 80,0%, 81,7%, a yposens JIIIOHII cuumxkaercs Ha 29,0%,
28,96%, omHOBpEMEHHO ¢ 3TUM, HabmoaaeTcs camkeHne yposan JIITHII B 5 u 6 pas.

Tabauya 1
Buinsinue renaxoJierosia Ha ypoBeHb JUMONPOTEUI0B HA (POHE TOKCHYECKOT0 TETPAXJIOPMETAHOBOI0 renaTuTa

Cepust onbiToB M 71036l B | Ilokasarenu JIMIONPOTEUIOB B MMOJIB/JT

I/KT Macchl JITIBII JITIOHIT JITTHIT KA
WurakTHBIE 1,26+0,06 0,395+0,001 0,995+0,04 1,86+0,02
CC14 2 mu/kr yepes neHb 1 mec.

KoHTponbHbIe 0,93+0,09** 0,877+0,002** 2,567+ 0,06%* 2,62+0,05*
I'eaxoseron-0,01 1,68+0,08** 0,623+0,001* 0,533+40,007** 1,65+0,04**
I'emaxoneros- 0,02 1,69+0,08** 0,627+0,003* 0,627+0,003** 1,7+0,02*
Onumernn-0,02 1,58+0,04** 0,680+0,006* 0,800+0,007** 1,8240,03*
Kapcun-0,05 1,68+0,03** 0,718+0,002* 0,778+0,001 ** 1,75+0,06*

Ilpumeuanue: cmenenv O0CmMosepHOCMU OISl KOHMPOIbHLIX OAHA NO OMHOWEHUIO K UHMAKMHBIM, d OJsL ONbIMHLIX Ceputi no
omuoueHuIo Kk Kohmponvruim cepusim (* P<0,05 u ** P<0,001)

INokazarenu koadduimenta areporeHHocTH jgoctoBepHo (P< 0,001) cHmwkamuch 1O CpaBHEHHIO C
KOHTPOJIbHBIMU KHUBOTHBIMH.

IIpemapatsr cpaBHeHHS OKa3anu A(PQPEKTHBHOE BIHMSHHE HA YPOBEHb JIMIUAOB W JUIOMPOTEHIOB COCTaBa
KPOBH, OJJHAKO X ITOKA3aTeJI HE3HAUUTEIFHO OTINYAINCH TI0 CPAaBHEHHUIO C remaxoseTosnoM B 103e0,02 /KT Macchl.

Takum o00pa3oM, NOITy4EeHHBIE pE3YNIbTaThl CBHJCTEIBCTBYIOT O TOM, UYTO BBEACHHE KOMIUIEKCHOTO
3(UPOMACIHIHOTO CPEICTBA TeMaxoyieTol Ha (OHE MOAOCTPOH TOKCHYECKOW HHTOKCHKAIIMHA TETPaXJIOPMETaHOM
OKa3bIBa€T  BBIPAKEHHBIN THITOJIUITUIEMUYECKHU it addexr, 4TO CBSI3aHO c renaTo3alUTHBIMU,
MeMOpPaHOCTAOMIIN3UPYIOLIMMHY, AHTHOKCHJAHTHBIMA U IPOTHBOBOCIAIUTEIBHBIMH CBOHCTBaMH 3(UPHBIX Macel
BXO/ISIIIIMX B COCTaB MCIBITYEMOTO CPE/ICTBA.
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EFFECT OF HEPACHOLETOL COMPLEX AGENT ON LIPID AND LIPOPROTEIN
PARAMETERS IN TOXIC HEPATITIS

H.S. Sharifzoda®, D.A. Azonov?
! Senior Researcher, rt.dushanbe@mail.ru, > Chief Scientist
! SRI of Nutrition of Ministry of Industry and New Technologies of the RT,
23| Research Institute of Fundamental Medicine; SEI "TSMU named after Abuali ibni Sino" (Dushanbe), Tajikistan

Abstract. This article presents the results of hypolipidemic properties of geacholetol against the background of
subacute toxic damage to the SS14 liver. According to the obtained results, hepacholetol in doses of 0.01 and 0.02 g/kg
of weight significantly (P < 0.05-0.001) reduces the concentration of TG, TG and FL increased under the influence of
hepatotoxin in relation to control animals. The studies also found that as a result of hepatotoxin intoxication, HDL
levels decrease and VLDL, LDL and CA indicators increase. As a result of monthly intragastric administration of
hepacholetol in doses of 0.01 and 0.02 g/kg of weight, HDL concentration increases by 80.0% and 81.7%, and the level
of VLDL, LDL and CA significantly (P < 0.05-0.001) decreases in relation to the control series. At the same time,
comparison preparations of olimethin and karsil (0.02 g/kg and 0.05 g/kg) were less effective in comparison with
hepaocholetol.

Keywords: hypolipidemia, carbon tetrachloride, hepacholetol, cholesterol, lipoproteins, lipids, metabolic
syndrome, rats, hepatitis.
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PASSERINE BIRDS AS INDICATORS OF THE KYZYLKUM DESERT ECOSYSTEMS
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Abstract. The Kyzylkum Desert is the largest arid territory of Central Asia, distinguished by a great diversity
of relief forms, soil types, and vegetation cover. Under such conditions, Passerine birds (Passeriformes) are regarded
as reliable ecological indicators due to their high sensitivity to habitat changes. During the field studies conducted in
2025 within the Navoiy region, 19 indicator species belonging to 9 families were identified across different desert
biotopes. Their ecotopic associations and distributional features were analyzed. The results demonstrated that the
intensification of anthropogenic pressure and climatic factors in desert landscapes has a direct impact on bird
population density and distribution ranges. Monitoring of indicator species provides an important scientific basis for
assessing the ecological state of the Kyzylkum ecosystems and for developing strategies aimed at conserving biological
diversity.

Keywords: Kyzylkum Desert, indicator species, Passerine birds (Passeriformes), desert ecosystems,
anthropogenic impact, biological diversity.

The Kyzylkum Desert is one of the largest arid regions of Central Asia, distinguished by its rich biological
diversity and complex ecological systems. In recent decades, the intensification of human activities has considerably
increased both natural and anthropogenic pressures on desert ecosystems. As a result, these factors have directly
influenced the composition and abundance of plant and animal communities. Indicator species that are highly sensitive
to habitat changes play a crucial ecological role in maintaining the stability of ecosystems and the diversity of avifauna.
In the Kyzylkum Desert, four main types of natural ecosystems are distinguished, which in turn are divided into eight
types of biotopes (Mitropolskaya & Kashkarov, 2025). These ecosystems differ in their relief, soil composition,
moisture level, and vegetation cover (see Table).

Table
Types of Ecosystems and Habitats in the Kyzylkum Desert

Ecosystems Habitat types

Sandy desert

Stony desert
Deserts Clay plain desert

Salt desert

Residual uplands
Water bodies Wetland areas
River valleys Floodplain habitats
Foothills Foothill plains and adyrs

A large proportion of bird species are sensitive to habitat changes and therefore serve as reliable ecological
indicators. However, the order Passeriformes represents the most abundant, ecologically diverse, and environmentally
responsive component of desert ecosystems. Based on the degree of ecological specialization and strict association with
specific habitat types, 19 indicator species belonging to 9 families were identified within the study area.

Ornithological exploration of the Kyzylkum Desert began in the late 19th century. The earliest scientific
records were made by Russian zoologists N.A. Zarudny and G.E. Yashchenko in 1890-1891, who compiled valuable
data on the avifauna of the region (Zarudny, 1890; Yashchenko, 1891). In the early 20th century, R.N. Meklenburcev
and D.N. Kashkarov conducted systematic expeditions across Central Kyzylkum, publishing detailed ecological
descriptions of the desert’s bird species (Meklenbursev, 1953; Kashkarov, 1934).

During the 1960s -1970s, researchers Kh.S. Salikhbaev, M.M. Ostapenko, and their colleagues carried out
extensive fieldwork in the southern Kyzylkum, analyzing the seasonal dynamics and habitat associations of local bird
populations (Salikhbaev & Ostapenko, 1967; Ostapenko et al., 1978).

© Ganiyev B.N., Azimov N.N. / Tanues B.H., Asumos H.H., 2025
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In the post-independence period, new studies have focused on the composition of the avifauna and the
ecological characteristics of selected species (To‘rayev, 2006; Kholboev, 2005; Azimov & Ganiyev, 2024, among
others).

Historical data indicate that until the mid-20th century, the ecosystems of the Kyzylkum Desert remained
largely intact and natural. Extensive saxaul (Haloxylon) woodlands, riparian tugai forests, and takyr plains provided
stable habitats for many bird species (Rachkovskaya et al., 2003). Since the second half of the 20th century, however,
large-scale irrigation projects, expansion of agricultural lands, and the intensification of livestock grazing have led to
the fragmentation of natural landscapes (UNEP, 2018). The study of indicator passerines provides an important
scientific and practical basis for assessing the current ecological condition of Kyzylkum ecosystems, identifying the
impacts of natural and anthropogenic factors, and developing conservation strategies aimed at maintaining biodiversity
and ecosystem stability.

Materials and Methods. During the spring and summer of 2025, ornithological field research was carried out
by the staff of the Laboratory of Vertebrate Animals, Institute of Zoology, Academy of Sciences of the Republic of
Uzbekistan within the framework of the project “Fauna, ecological characteristics, and adaptation mechanisms of
vertebrates in Bukhara and Navoi regions under anthropogenic impact.” Field studies were conducted in the natural
areas of Nurota, Konimex, Tomdi, Qiziltepa, and Uchkuduk districts of the Navoi region. The classical zoological
methods of field observation and species recording were applied following Novikov (1949) and Bibby & Jones (2000)
to study the avifauna of various desert ecosystems. The identification of indicator species was based on the IndVal
method proposed by M. Dufréne and P. Legendre (1997), which combines species abundance and fidelity to specific
habitat types. The following section presents an analysis of the habitat characteristics of the studied ecosystems and the
indicator species associated with each habitat type.

Sandy Desert Within the Kyzylkum Desert, the sandy desert landscapes are predominantly shaped by aeolian
processes, forming a relief of barchans (sand dunes) and sand dune ridges, interspersed with lower-lying depressions. In
some areas, these sands alternate with takyr (clay flats) and salt-affected zones (solonchaks). The vegetation cover is
mosaic and sparse, dominated by xerophilous psammophytic species: for example, saxaul shrubs (Haloxylon
ammodendron, H. persicum) and shrubs (Calligonum spp.) form the skeletal structure of the biocenoses. Salt-tolerant
shrubs of the genus Salsola and annual ephemerals that actively grow in spring are also common. These plant
communities give rise to highly drought-adapted sand biocenoses.

The avifauna of the sandy deserts comprises bird species adapted to open landscapes and low vegetation cover.
Typical representatives include Turkestan Ground-jay (Podoces panderi), Asian Desert Warbler (Curruca nana), and
Desert Wheatear (Oenanthe deserti). These species serve as ecological indicators of this particular habitat.

The sandy regions of the Kyzylkum are of significant importance for the biological diversity of Central Asian
desert fauna, functioning as key reproductive and foraging grounds for endemic and rare species.

Turkestan Ground jay is strictly associated with sandy desert massifs, where it inhabits shrub-dominated
phytocenoses composed mainly of Calligonum and Salsola species. It is absent in clay deserts, reflecting its high
ecological specificity to sandy habitats, which makes it a reliable indicator species of the sandy desert landscape
(Burnside, 2020; BirdLife International, 2025). Field observations in the studied areas revealed a decline in breeding
sites and a corresponding reduction in population size, largely due to the contraction of saxaul (Haloxylon) woodlands.

Asian Desert Warbler occurs in desert and semi-desert areas, primarily on sandy soils with Artemisia
(wormwood) vegetation. Its distribution and habitat preferences are closely linked to the presence and condition of
shrub vegetation — particularly Haloxylon, Tamarix, and Calligonum communities (BirdLife International, 2025).
Within the surveyed areas, population density was found to fluctuate according to the density and structural
composition of the plant cover.

Desert Wheatear is a characteristic species of open, sparsely vegetated sandy deserts, displaying a high degree
of ecological specialization (Bayrlov et al., 2012). The occurrence and abundance of this species are closely associated
with the distribution of burrowing rodents that form small colonies, which provide suitable nesting and foraging
conditions.

The stony deserts of the Kyzylkum are characterized by rocky plains, low hills, and residual elevations
composed mainly of limestones, sandstones, and conglomerates. The substrate is dominated by gravel and small stones,
with exposed bedrock in some areas. The vegetation cover is sparse, consisting primarily of semi-shrubs and shrub-like
xerophytes. The main phytocenoses are formed by wormwood — saltwort communities, including Artemisia diffusa, A.
terrae-albae, Salsola orientalis, Anabasis salsa, and Convolvulus fruticosus. In spring, ephemeral plants briefly develop,
giving a seasonal green aspect to otherwise barren terrain. These characteristics distinguish stony (rocky) deserts
ecologically and floristically from the sandy and clay deserts.

Among birds, species associated with open rocky landscapes are typical — notably Pied Wheatear (Oenanthe
pleschanka), Steppe Grey Shrike (Lanius pallidirostris), and members of the family larks (Alaudidae). These species
serve as important ecological indicators for the stony biotopes of the Kyzylkum Desert.

Pied Wheatear is a characteristic species of rocky slopes, low hills, and residual uplands composed of
limestone, sandstone, and conglomerate (Alaei Kakhki et al., 2018). Its occurrence and nesting density are closely
associated with the presence of cavities, cracks, and crevices in rocky outcrops, which provide secure nesting sites.

Steppe Grey Shrike inhabits open, arid landscapes with sparse shrub vegetation, particularly in stony and
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semi-desert environments (Birds.uz, 2015). The species shows a moderate to high indicator value, and its abundance
increases in areas dominated by saxaul (Haloxylon), calligonum (Calligonum), desert acacia (Ammodendron), and
tamarisk (Tamarix) shrubs.

The clay plain desert of the Kyzylkum represent an integral part of the region’s relief, formed as “takyr
plains” — flat, endorheic depressions where clay- and silt-rich sediments accumulate, creating a dense clay crust on the
surface. These areas typically develop on ancient alluvial and proluvial plains, within river deltas, or in interdune
depressions. The soils are compact, heavy in mechanical composition, and characterized by poor permeability.

The vegetation cover is extremely sparse. In typical takyr-type areas, there is almost no shrub or grass layer;
only a few ephemeral and salt-tolerant species such as Artemisia spp., Salsola spp., and Anabasis salsa occur
sporadically. Most of the surface remains bare, with minor patches of herbs growing in cracks or moist
microdepressions.

From an ecological perspective, such clay depressions represent extreme habitats, serving as refugia or
migration corridors for species adapted to clayey and saline biotopes.

Typical bird species inhabiting open clay plains include the Crested Lark (Galerida cristata) and Calandra
Lark (Melanocorypha calandra), both of which are associated with clay and wormwood (Artemisia) communities, and
can therefore be regarded as important ecological indicators of the Kyzylkum’s clay ecosystems.

Crested Lark is a widespread species of open arid lands, known for its broad ecological tolerance. Its
indicator value is detectable only in specific local areas. In the studied territories, it was recorded as a common resident
species, useful for assessing the ecological condition of clay desert habitats.

Calandra Lark typically inhabits clay plains and foothills. Its distribution range is confined to dense-soil
desert biotopes covered with ephemeral vegetation and it generally avoids sandy and saline areas. During field studies,
the species was observed in small nhumbers within clay deserts of northwestern Nurota and Qoratog mountain foothills,
which are its traditional habitats, suggesting potential ecological degradation in those areas.

Salt Deserts are areas characterized by high mineralization and elevated salt concentrations in both surface and
subsurface soil layers. These zones are typically found in endorheic depressions, dry lakebeds, or the ancient channels
of river branches where evaporation greatly exceeds precipitation.

The soil structure consists mainly of saline or solonchak — clay layers, often forming a dense surface crust with
visible cracks and a very sparse plant cover. Only a few salt-tolerant shrubs and semi-shrubs occur sporadically.

From an ecological standpoint, salt-affected landscapes serve as natural indicators of soil salinization and
landscape degradation processes. For Passerine birds, such areas represent extreme environmental conditions, limiting
their diversity and abundance to only a few highly specialized species.

Residual uplands represent isolated geomorphological features formed predominantly from hard Paleozoic
and Lower Mesozoic rocks such as limestone, sandstone, and conglomerate. These uplifts emerged as a result of
differential erosion, rising above the surrounding flattened desert surface and forming distinct elevated relief systems
within the Kyzylkum landscape (Babushkin & Kogay, 1964).

Such residual hills are concentrated mainly in the central part of the Kyzylkum Desert, reaching absolute
elevations of 400-900 meters above sea level. The soil layer is extremely thin or completely absent, and vegetation
cover is sparse. Intense solar radiation, sharp temperature fluctuations, and low humidity create a unique microclimatic
and ecological environment.

In the vast open desert, residual hills act as “structural-landscape islands”, significantly contributing to habitat
heterogeneity. Their geomorphological structure, rock outcrops, and shaded microhabitats promote differentiation
within desert flora and fauna, sometimes providing refuge for endemic or relict species. Despite their small area, these
sites enrich the spatial mosaic of desert ecosystems, create new ecological niches, and play a key role in biodiversity
maintenance.

Among birds, the Finsch’s Wheatear (Oenanthe finschii), Pied Wheatear (Oenanthe pleschanka), Black
Wheatear (Oenanthe picata), Rock Sparrow (Petronia petronia), and Desert Finch (Bucanetes githagineus) are typical
of these habitats and may be regarded as reliable ecological indicators of the Kyzylkum’s residual hill biotopes.

Finsch’s Wheatear and Black Wheatear are specialized for rocky uplands and residual hill habitats, nesting
within limestone and sandstone slopes, rocky hills, and cliff crevices.

Rock Sparrow is a typical resident of open, dry, and rocky landscapes, inhabiting stony and gravelly slopes,
residual hills, limestone and sandstone outcrops, as well as dry ravines and foothill valleys. It is often found in areas
with very sparse vegetation, dominated by xerophytic shrubs and scattered grasses. Nests are placed in rock crevices,
niches, or cavities, and occasionally in burrows made by other birds or rodents (Koblik et al., 2006).

Desert Finch is a characteristic bird of arid and semi-arid regions of the Palearctic, inhabiting open dry areas
with sparse vegetation-clay-gravel or sandy plains, slopes of residual hills, and temporary stream beds. It nests in rock
fissures, among stones, or under sparse shrubs, using natural soil depressions (Koblik et al., 2006). In the Kyzylkum
Desert, it is a scarce, sedentary species restricted to rocky microhabitats.

The life strategies and habitat preferences of these species are closely tied to residual hills and rocky relief
elements, making them key ecological indicators that reflect the stability and natural integrity of these unique desert
biotopes.

Wetland Areas. The wetlands of the Kyzylkum Desert represent isolated zones of high moisture, which stand
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in sharp contrast to the surrounding arid landscapes. Their formation is associated with ancient river channels, artificial
irrigation canals, collectors, and artesian wells. The relief of these areas consists of low-lying, poorly drained
depressions that naturally accumulate water.

Major wetlands such as Tudakul and Kuymazar reservoirs, located in the ancient left branch of the lower
Zarafshan River, are currently sustained by Amudarya water inflow through the Amu-—Bukhara irrigation canal.
Aydarkul Lake, by contrast, is replenished by the Syrdarya and Sangzor rivers and by secondary drainage waters from
agro-landscapes of the former Mirzachul steppe.

The dominant vegetation cover in these wetlands consists mainly of reed (Phragmites australis) and cattail
(Typha angustifolia) communities, forming dense reedbeds and patchy swamp mosaics.

Bird species strictly associated with reed thickets, such as Bearded Reedling (Panurus biarmicus), Great Reed
Warbler (Acrocephalus stentoreus), Eurasian Reed Warbler (Acrocephalus scirpaceus), and Cetti’s Warbler (Cettia
cetti), serve as key ecological indicators of these biotopes.

In recent years, the instability of hydrological regimes caused by anthropogenic activity and climatic
fluctuations has led to a significant reduction in reedbed areas, which are essential nesting habitats for these species.
This degradation reflects broader ecological transformations within the wetland ecosystems of the Kyzylkum Desert.

The floodplain habitats of the Kyzylkum Desert are primarily associated with the lower reaches of the
Zarafshan River, which historically traversed the desert, forming an extensive system of tugai woodlands and shrub-
dominated riparian zones. These habitats once played an essential role as ecological corridors, supporting diverse
avifauna and maintaining hydrological balance in the arid landscape.

Over time, however, the transformation of the Zarafshan valley into irrigated oases has led to a drastic
reduction and fragmentation of natural floodplain ecosystems. The remaining sections of the river and its tributary
channels are now hydrologically sustained by the Amu—Bukhara Canal system, which supplements the limited natural
water flow.

At present, patches of reeds (Phragmites), tamarisk (Tamarix), poplar (Populus), willow (Salix), and oleaster
(Elaeagnus) vegetation persist along the old channels and canals. These floodplain remnants serve as critical habitats
for numerous bird species, particularly those nesting in tugai and tamarisk thickets.

Characteristic indicator species of these habitats include the Bukhara Tit (Parus bokharensis), Eurasian
Penduline Tit (Remiz coronatus), and Long-tailed Shrike (Lanius schach), whose presence and breeding density reflect
the ecological integrity and conservation status of floodplain forests.

In addition, the Sand Martin (Riparia riparia) occupies eroded banks and canal embankments, excavating
nesting burrows in vertical loess cliffs — making these microhabitats crucial for maintaining breeding diversity within
the floodplain bird communities of the Kyzylkum Desert.

The foothill plains and adyrs form a natural transitional zone between the desert plains of the Kyzylkum and the
northern and western ranges of the Nuratau. The relief is undulating, alternating between gentle slopes, shallow
depressions, and low ridges. Their substrate primarily consists of loess and gravelly loam deposits (Babushkin & Kogay,
1964). The vegetation cover is composed of semi-shrubs and shrubs, with a high density of spring ephemerals. Due to the
variety of micro-relief and phytocoenoses, these adyr landscapes hold high ornithological importance. Both desert and
foothill species occur here. In particular, breeding species such as the Calandra Lark (Melanocorypha calandra), Black
Wheatear (Oenanthe picata), and Finsch’s Wheatear (Oenanthe finschii) are considered indicator species for this region.
Their strong dependence on adyr landscapes serves as a reliable indicator of ecological condition changes in their
population density may reflect soil degradation, vegetation cover status, and the level of anthropogenic impacts.

Conclusion. The ecological structure of the Kyzylkum Desert is distinguished by its diverse biotopes. The
formation of sandy, stony, clayey, saline, wetland, riparian, residual hill, and foothill habitats represents the main factors
determining avian diversity in the region. Representatives of the order Passeriformes play a particularly important role as
the most sensitive bioindicators of these ecosystems, as changes in their distribution and population reflect the influence of
both natural and anthropogenic factors. Analysis of historical and modern data shows that habitat fragmentation, reduction
of saxaul and reed stands, and disruption of the hydrological regime have led to the contraction of species’ ranges and the
loss of breeding sites. Therefore, the systematic monitoring of indicator passerines provides a crucial scientific and
practical foundation for maintaining the stability of the Kyzylkum Desert ecosystems, enabling early detection of
degradation processes and the development of effective strategies for the conservation of biological diversity.

This research work was carried out within the framework of the research program of the Institute of Zoology of
the Academy of Sciences of the Republic of Uzbekistan for 2025-2029 “1.2. Creation of a digital information system of
the animal world of the Bukhara and Navoi regions”, financed from the state budget.
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BOPOBBHUHOOBPA3HBIE IITULBI
KAK UTHAUKATOPBI DKOCUCTEM IIYCTBIHU KBI3BUVIKYM

B.H. I'anuen', H.H. A3umon?
! PhD, muaainmii Hay9HbBIH COTPYIHUK JIADOPAaTOPHH TO3BOHOYHBIX XKHUBOTHBIX, bunyoganiyev9l@mail.ru,
2 PhD, crapumii Hay4HBIH COTPYIHHK, 3aBeIYIOINIHIA TabopaTopreil MO3BOHOYHBIX KUBOTHBIX, Nodirzoo@mail.ru
Y2 Uncruryt 300m0rnu Axanemun Hayk PecriyGmuku Y36exuctan (TamkeHT)

Annomauyun. Ilycmoins Kozeiikym — kpynnetiwas apuonas meppumopus Llenmpanvnou  A3uu,
OMAUYAIOWAsCs  pa3HooOpasuem penveda, NOUEHHO20 NOKpO8a U pacmumenvbHocmu. B maxux ycnogusix
Bopobvunoobpasuvie nmuywt (Passeriformes) paccmampusaiomcs Kak HAOENCHble O9KOA0UYecKue UHOUKAMOPbl
bazo0aps ceoell 8bICOKOU YY8CMBUMETbHOCTNU K USMEHEHUAM cpedbl obumanus. B xode noaesvix uccaedosanuti 2025
2o0a Ha meppumopuu Haeouiickoti obnracmu 6vii0 eviseieno 19 unoukamopuvlx 6u008, omuocauwuxcs Kk 9
cemeticmeam, Ol PA3IUYHbIX MUNOE OUOMOnoe nycmuliiu. [Ipo6edén anaiusz ux dKOMONUYECKOU NPUypoOYeHHOCmU U
ocobennocmeil pacnpedenenus. Tlonyuennvle pe3yibmamsl HOKA3AAU, YMO YCULCHUE AHMPONOLEHHO20 8030€UCMEUs. U
KIUMAMUYECKUX (Pakmopos 8 NyCHbIHHbIX AAHOWAPMAX OKA3bI6Aem NPIMOe GIUSHUE HA YUCIEHHOCHb U aped
obumanusi nmuy. MoHuMopuH2 UHOUKAMOPHBIX GUOOE CILYIHCUM BANCHOU HAYYHOU OCHOBOU O/ OYEHKU IKOJIOSUYECKO20
cocmosinust akocucmem Kvizviikyma u paspabomxu cmpame2utl no COXpaAHeHuio OUOL02UHEeCK020 PA3HO0OPA3UsL.

Knrwouesvie cnosa: nycmovina Koizviikym, unouxamophwvle 6uovl, Bopobvunoobpasnvie (Passeriformes),
NYCMbIHHbBLE IKOCUCHEMbL, AHMPONO2EHHOE 8030elicmaue, bUoLo2uYeckoe pasHooopasue.
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OIIEHKA ITIAPAMETPOB CBOJIA CTOIIbI CTYJIEHYECKOM MOJIOAEXHA PA3JIMYHOI' O
YPOBHsA TPEHUPOBAHHOCTHU B HOPME U ITPU HAT'PY30UYHbIX PEXKUMAX

JLA. EBTyXOBal, N.B. Kypaqemco2
! JloneHT, KaHAMIAT CETbCKOXO3MHCTBEHHBIX HAYK, TOICHT KaheIphl TEOPHH H METOIMKH GH3MUECKOH KYIbTYpHI,
2 cTapimii iperoaBaTesh Kaeapsl OHOIOTHH GHOTOTHYECKOro (haKyIbTeTa
L2y «omenbcknii rocyaapcTBeHHBIH yHIBepcHTeT HMenn dpamiicka Ckoprubh (r. Tomens), Bemapych

Annomayusn. B cmamve npusoosamcsi Oanmvle NoO Oyemke cmenenb NIOCKOCMONUsL Yy CMyOeHmog-
JIe2KOamaiemos mMemooom niaumozpaguu. Y cnopmcmenos ommeyaemcs MONEPAHMHOCHL CEA30YHO-MbIUEYHO2O
annapama cmonuvl K U3UYECKUM HAZPY3KAM, MaK Kak oaice npu Hazpyske 100 % om maccel mena HOpManbHblil 800
onpedenen 051 40 % 00CIE008AHHBIX CNOPMCMEHO8, OCMATbHbIE XAPAKMEPUZ0BAUCH KAYECMBEHHOU 30HOU «npeo - U
ynaowennasy. Iliockuii 600 cmonvl y cmyOeHmo8 5moll 2pynnvl He BblA6leH, NOIMOMY OMMeYeHHble USMEeHeHUs
MOCHO XAPAKMepUu308amy KaK KOMNEHCAMOPHO-NPUCNOCOOUMENbHble K OUHHOMY HASPY30YHOMY PeXCUM)y CHOPIMUBHBIX
MPEeHUPOBOK.

Knroueevie cnoea: nianmoecpagus, cmonda, Moaooedxicb, NIOCKOCHONUe, Ae2Kds amaiemuKd, CNOpHCMeH,
MOIepaHMHOCHb.

OjiHa U3 aKTyalbHBIX 3a/]a4 COBPEMEHHOW BO3PAcTHOI (PM3HOJIOTMH — aHAIN3 BIMSHHS (PU3NUECKUX HArPY30K
Ha OIOPHO-/ABUTATENbHBIM anmapaT. V3BecTHO, 4TO B XOJ€ OHBOJIOLMHM CTONA uYelloBeKa mpuoodpena dopmy,
MO3BOJISIIOIYIO0 PABHOMEPHO paclpeessaTh Harpy3Ky. ONOpHBIN anmnapar CTOIbI BIIEPBbIE TOJIbI )KU3HU PeOCHKA UMEET
BO MHOTOM XpSIIEBYIO CTPYKTYPY, CBSI3KH 3JaCTUYHBI M PACTSDKUMBI, & MBI HEAOCTATOYHO CHJIBHBI U BHIHOCJIUBBI.
C poctoM peGEHKa COOTBETCTBYIOLIMM 00pa3oM MEHsETCs MO3UIMOHHAs YCTaHOBKa cToll, hopMa M UHIUBHAYalbHbIE
n3ruObl cBoJoB cTom. [0 pe3ynapTaTaM MHOTOYHCIIEHHBIX HCCIIEJOBAHUH YCTaHOBIEHO, YTO K 9-JIETHEMY BO3PacTy
pebeHka cBox crombl, hopMa HOT M OCaHKa JOJDKHBI TMOCTENEHHO BBIPAaBHUBATHCA M HPHOOpETaTh OYEPTAHHSA,
XapaKTepHbIe I B3pOCIOro yesoseka [5, 6].

Crona urpaet BaXHYIO POJIb B JOCTH)KEHHH CIIOPTHBHBIX PE3yIbTAaTOB BO BCEX IUKINYECKHUX, HTPOBBIX BHIAX
CHOpTa W €JUHOOOPCTBAX M MPH 3TOM Ha He€ IMpuXomuTcs 10 35% CIOPTHBHBIX TpaBM M 3aboneBaHuii. Harpysku Ha
OTIOPHO-JBUTATENbHBII ammapar NpH Npo(ecCHOHAIBHBIX 3aHATHUAX CIHOPTOM HOCAT CTPECCOBBIM XapakTep H
3HAUUTEIBHO TIPEBOCXOAAT MOBCEIHEBHBIE. [IpM 3TOM COCTOSHHE CBOZOB CTONBI SBISICTCS JIMMHUTHUDPYIOLIMM B
JIOCTH)KCHUH BBICOKHX CIIOPTHUBHBIX Pe3ynbTatoB [6].

B pabote Obl1 npuMeHeH MeTOJl IIaHTOrpaduu, ¢ MOMOIIBI0 KOTOPOTO MOJYYalOT OTIIEYATOK ITOJIOLUIBEHHOMN
MTOBEPXHOCTH CTOIIBI YENIOBEKa B TPEX PEeXMMax: B TOJOXKEHHH cUAS 0e3 Harpy3ku (aHATOMHYECKOE COCTOSHHE); B
MOJIOKEHHH ¢TOst ¢ Harpy3kod 50 % u 100 % oT Macchl COGCTBEHHOTO Teia Ha oHy cromy [2, 3].

KonmdecTBeHHas OIEHKAa COCTOSHHUS CBOJA CTOIBI MPOBEAEHA C MOMOIIBIO BBIYHCICHUS MHIEKCA CTOIBI IO
M Tpurepy. [lomydeHHble faHHBIE C IUTAHTOTPaMM ANGQPEPEHIIMPOBAIN MO KAYECTBEHHBIM OLIEHKAM IT0Ka3aTellsl CBOAA
cromsl o ApcrnanoBy B. A., 1985 [7]. [IpuHNManu CleAyIONIyI0 KAYeCTBEHHYIO OLICHKY ITOKa3aTelsl YIUIOMIEHHOCTH
cBona cronsl: 10 40 % — HOpMmaueHas; oT 41 1o 50 % — mpenyruromenHas; ot 51 go 60 % — ymiomenHas;, 6onee 60 %
— IUTOCKasl.

Cratuctudeckass o0OpaboTka MaHHBIX TpoBommiack ¢ momompio makera STATISTICA 6.0 u tabmuarOTO
nporeccopa MSOfficeExcel (2007 r.)

OKkcnepuMeHTaNbHass 4acTh MCCIIEIOBaHUsT TPOBOAMIACH Ha 0Oaze (akyiabreTa (U3UUECKOH KYJIBTYphI
yupexaeHus: oopa3oBaHus «I OMeNbCKUil TOCyIapCTBeHHBIH yHHBepcuTeT nmeHn Ppannucka Cxopus». B pabore
OBbLI MPUMEHEH METO/ TUIAaHTOrpad My, C IOMOUIBIO KOTOPOT'O MOJIYYaIOT OTIIEYATOK TOIOMIBEHHON HOBEPXHOCTH CTOIIBI
YeJI0BeKa B JIBYX PEXHMax: B IMOJIOKEHMM CHIA 0e3 Harpy3ku (aHaTOMHYECKOE COCTOSIHHE), B IOJO0XXEHHUH CTOS C
Harpy3koit 100% ot Maccel COOCTBEHHOT'O TeJla Ha OJTHY CTOIY.

Ha ¢daxynprere puznueckoit KyIbTyphl B CIIOPTa OOIBITHHCTBO OOYYAIOIIMXCS — 3TO CHOPTCMEHBI MaCCOBBIX
paspsmoB: oT roHomeckux 10 |l B3pocioro. TpeHMpOBOUHBII Ipomecc CTYIEHTOB, COTJIACHO Y4eOHOMY IUIaHY
crenuaIn3auy, Mpoxo uT B pamkax [ICM (IOBBIIIEHUS] CIOPTUBHOTO MacTEPCTBA), ISl 3TOT0 O(OPMIISIOTCS TPYIIIBI
IO OTJENILHBIM BHJIaM CIIOpTA.

B pabGote mpencraBieHbl pe3ysbTaThl ILIaHTOrpaduueckoro obcenemoBanust 180 cryneHToB 2-3 Kypcos,
BO3pACTHOM acnekT KoTopelx 20-21 rox, cocraBmstomue rpynny [ICM — nerkas atieTuka.

Boutn BeIZIENEHB! TpU  TPYIIBI CTYJCHTOB C PAa3HBIM IEPHOJOM TPEHHPOBOK: IEPBYIO TPYIILY COCTaBMIIN
CTYICHTHI HadaJbHOH MOATOTOBKH IO 3TOMY BHIYy CHOpTa (IEpHOJI: OT OJHOTO IO Tpex JieT). BTopyio u TpeTpro
TPYIITy COCTaBWJIM CTYJIEHTHI, KOTOPbIEe Hadald 3aHUMAaThCS 3THM BHIOM CIOPTa B JETCKUX CIHOPTHBHBIX IIKOJAX,
IIO3TOMY MHOTOJIETHHH MEPHOA TPEHHUPOBOK BKIIFOYAET: BO BTOPOW TPYMIE OT TPeX /O IIECTH JIET; B TPEThel Irpymmne
CBBIIIE [IECTH JIET.

© EBtyxoBa JI.A., Kypauenko U.B. / Evtukhova L.A., Kurachenko 1.V., 2025
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KosmuecTBeHHBINH COCTaB KaXIoi rpynmsl oOcienoBaHHbIX — 60 yenoBek, u3 Hux: 30 — cryngenros, 30 —
CTYICHTOK.

PesynbraThl HcclienoBaHus OKA3aIM, YTO Y CTYJICHTOK IE€PBOM IPYIIIIEI B Hayalle TPEHUPOBOK OB OINpe/iesieH
HOpPMAJIbHBIN CBOJ CTOINBI KaK B aHATOMHUYECKOM COCTOSHHUHM, Tak U Ipu Harpy3ke 100 % oT macchl Tena Ha CTOHYy.
VYIUIOLEHHBIN U MIOCKUN CBOA HE OTMEYEH, YTO MO3BOJISIET HAM HCKIIIOYHTH HAJMYUE BPOKICHHOTO IUIOCKOCTOIHS Y
JITAaHHOU BBIOOPKH HUCTIBITYEMBIX.

B xoH1e mepsoro nepuona (Ha TpETHH rofl TPEHUPOBOK) HOPMAIBHBINA CBOJ CTONBI Y CTYICHTOK OIPEAEICH
TonpKko B aHarommieckoM (0 % Harpy3ku) coctosHuu (pucyHok ). Harpysounsiii pexxum 100 % ot maccel Tena
IpUBEN K M3MEHEHHSM IapaMeTpoB cBoja CTOMBI y 67,7 % oOcinenoBaHHBIX CTYAEHTOK, KOTOPBIE COCTaBHMIIM TaK
Ha3bIBAEMYIO «TPYIITy PHUCKa», TaK KaK CBOJ CTOIBI IPH HArpy3Ke IEpelie] W3 30HbI «HOPMalbHAs» B « Mped — W
ymomeHHyo. IImockuii cBog HE OTMEYEH, MOITOMY OTMEYEHHbIE M3MEHEHHS MOXKHO OTHECTH K ()YyHKIHOHAIbHOU
MEepEeTpy3Ke WIM NEPEYTOMIICHHUIO CBA30YHO-MBIIIEYHOTO amlapara, B PE3yIbTaTe Yero NMpOAOJIBHBIA CBOJ CTOIBI
TepsieT CBOM aMOPTU3AIIMOHHBIC CBOMCTBA U paciuiacTeiBaetcs [4].

VY CTyZeHTOK BTOPOH Ipynmsl (IEpHOL TPEHHUPOBOK OT 3 10 6 JIeT) oTMedaeTcsl ajanTalys CBOJA CTONBI K
¢u3nyeckoil Harpy3ke, Tak Kak IIPH Harpy304HOM peXHMe TONbKO 37,5 % CIOPTCMEHOK XapaKTepU30BaJIHCh
N3MEHEHHSIMU CBOJIa CTOIIBI B 30HY «IIPEAYIUIOMIEHHAs. Y TUIOLICHHBIH U MJIOCKUH CBOJI BBISBICH HE OBIJL.

AHanu3 pe3ynbTaToB IUIAHTOTPA(UUECKOr0 00CIEIOBAaHHS CTYACHTOK TPEThEeH rpymIbl (IEpHO TPEHHUPOBKU
6oJiee 6 J1eT) MmoKaszall YXYAIICHHE COCTOSHUS CBOIOB CTOIIBI.

120,0%
100,0%
X
) 80,0%
2
= 60,0%
2 |
& 40,0% I 4
= |
) 20,0% v
=)
(3]
O 0,0%
S 0% | 100% | 0% | 100% | 0% | 100%
1-3roma 3-6aer 0oJ1ee 6 JIeT
H HOpMa 100,0% | 33,3% | 100,0% | 62,5% | 91,7% | 25,0%
M npenymiaomenue | 0,0% 44,5% 0,0% 37,5% 8.3% 58,4%
H yILIomeHne 0,0% 22,2% 0,0% 0,0% 0,0% 8.3%
H IJT0CKas 0,0% 0,0% 0,0% 0,0% 0,0% 8,3%

Puc. 1. Hzmenenue mopgodyHkyuoHanbvix napamempos c600a cmon CmyoeHmox 6 npoyecce MHO2O0JemHell mpeHUposKy

Tak gake B aHATOMHYECKOM COCTOSHHUH (0e3 Harpy3Kd) HOPMAaJbHEIA CBOJ CTOIBI OTMEYEH TOJbKO it 91,7
% 00cIeJOBaHHBIX CTYIECHTOK. B Harpy304HOM pekuMe MapaMeTp «HOPMAIbHBIH CBOJ CTOMEBI» OIPEACTICH TOIBKO
st 25,0 % CIOPTCMEHOK, y OCTaIBHBIX OTMEYaeTCsl cTaThdeckas Jedopmalusi CBoJia CTOIBI: HE TOJIBKO B CTOPOHY
«TIpea- U YIJIOMIEHUE, HO U JIO IPKO BBIPAKEHHOTO TUTOCKOCTOMHsA y 8,3 % 00cie10BaHHBIX.

CraTHCTHYECKUI aHAJIN3 TaHHBIX WHJAEKCA YIUIOIICHHUS CBOJA CTOMHI (ompenensercss B % 1o ApciaHoBy B.
A., 1985) y cnopTcMeHOK B 3aBUCHMOCTH OT Harpy309HBIX PEKHMOB IIO0Ka3all, YTO NPH HYJIEBOW Harpys3ke cpemHee
3HAaYCHHUE UCCIEeyeMOro moKa3aTels cocTaBmio 28,9+1,1 mpu cTaHIApTHOM OTKIOHEHUH 5,2, TOYHOCTH ombITa 3,83 %.
CpenHee 3Ha4YeHHE WHAEKCA YIUIONMIEHUSI CBOJA CTOMBI CTyACHTOK mpu Harpyska 100 % oT Maccel Tema COCTaBiseT
41,8+2,2 mpu yAOBIETBOPUTEIBEHON TOYHOCTH ombITa 5,4 % (Tadmuna 1).

Tabnuya 1
CTaTHCTHYECKHUIi aHAJIM3 JAHHBIX HHIEKCA YIJIOIIEHUs CBOIA CTONBI CTYAEHTOK NMPH HATPY304YHBIX PeKUMAX

Daxrop CranmapTHOE CranmapTtHas JloBepurensublii unTepsan [Koaddunument TourOCTH
o, |Cpennss o o

Harpysku, % OTKJIOHEHHE ormnoKa HVDKHSIS BepXHSI Bapuanuu, % onbITa, %

0 28,9 5,2 1,1 26,6 31,2 18,0 3,8

100 41,8 10,6 2,2 37,1 46,5 23,4 5,4
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AHanu3 JaHHBIX 110 MOP(OQYHKIMOHAIBHBIM H3MEHEHHUSIM CBOJIa CTOIIBI CTY/ICHTOB TIEPBOI IPYIIIBI II0Ka3all,
YTO K KOHIly NEPBOTO NEpuoja TPEHUPOBKH HOPMAIBHBIA CBOJI B aHATOMUYECKOM (0e3 Harpy3Kd) COCTOSIHUU ObLI
otMmeueH a1t 90% oOcnenoBaHHBIX. Harpy3ouHblil pexkuM NpUBeEN K yMEHBUICHHUIO B JIBa pa3a YHCIia CHOPTCMEHOB C
HOpPMaNbHBIM cBofoM crombl. [l 25% o0ciiefoBaHHBIX CTYJEHTOB 3apeTHCTPUPOBAH IEPEX0Ji CBOJA CTONBI B
Ka4eCTBEHHYIO 30HY «IUIOCKasi CTOIa.

VYBenu4YeHne NpPOJODKUTENFHOCTH INEpHUoJa TPEHHPOBOK OT 3 70 6 JIET NMpHBENO K YMEHBIICHHIO 4YHCIia
CIIOPTCMEHOB C HOPMAJBHBIM CBOJOM CTOIBI Ja)Ke€ B AHATOMHUYECKOM COCTOSHHH. B Harpy3o4HoMm pexume
HOpPMaNbHBIH CBOJ BBEIABICH JMmb y 15,4 % cnoprcmeHoB. Bosbmmas 9acTe GaHHOM BBIOOPKH 0OCIEIOBaHHBIX
CTYICHTOB COCTaBWJIa TaK HA3bIBAGMYIO «TPYIILYy PUCKa», y KOTOPHIX OTMEYCHa cTaTHdyeckas nepopMmanus CBOAA
CTOIIBI, T.€. TEpPeXOX B KayeCTBEHHBIC 30HBI «IIpel- M YIUIOMEHHas cTomay, a y 15,4 % oOcienoBaHHBIX
3apETUCTPUPOBAHO IPKO BEIPAKEHHOE «IIOCKOCTOTHEY (PUCYHOK 2).

100,0%
90,0%
80,0%
= 70,0%
=] 60,0%
= 50,0%
= 40}0‘;
§[ 30)09j
) i
é 20,0%
S 10,0% 1
0,0%
0% 100% 0% 100% 0% 100%
1-3rona 3-61eT doJ1ee 6 J1etT
H HopMa 90,0% | 50,0%  84,6% | 15,4% | 80,0% | 40,0%
u npenymiomenue  10,0% | 30,0% | 154% | 53,8% | 20,0% | 30,0%
M yiionieHue 0,0% | 20,0% | 0,0% | 154% | 0,0% | 30,0%
M mIocKas 0,0% | 0,0% | 0,0%  154% | 0,0% | 0,0%

Puc. 2. Uzmenenue mopghodynkyuonaibubix napamempos ce00a cmonwvl CHyoOeHmogs 8 npoyecce MHO201emuell mpeHuposKu

Jnst TpeTbel TPyMIbI CTyNEeHTOB (NEpUOA TPEHUPOBKHM — CBBINIE 6 JIET) OTMEYaeTcsi TOJEPaHTHOCTD
CBSI30YHO-MBIIIEYHOTO anapara CTOIbl K (PU3MYECKUM Harpys3KkaM, Tak Kak faxe rnpu Harpyske 100 % oT maccel Tena
HOpMaJbHBINA cBOJ| onpeneneH s 40% o0ciaenoBaHHBIX CIIOPTCMEHOB, OCTaIbHBIE XapaKTePU30BaINCh KadeCTBEHHOM
30HOM «IIpell - U YIJIOUICHHAS.

ITnockuii cBOXl CTOMBI y CTYAEHTOB 3TOH TPYNIBI HE BBISBJICH, [I09TOMY OTMEUYEHHBIE U3MEHEHHS MOXKHO
XapaKTepU30BaTh KaK KOMIIEHCATOPHO-TIPUCIIOCOOUTENbHBIE K JAaHHOMY HATPY309HOMY PEXKHUMY CHOPTHBHBIX
TPEHHUPOBOK.

CraTHCTUYECKUH aHANW3 M3MEHEHHs VIUIONICHHOCTH CBOAA CTOMBI y CTYICHTOB, 3aHUMAOIIUXCS CIIOPTOM,
mokasai, 9to mpu Harpyske 100 % oT Macchl Tella Ha CTOITy CpeqHee 3HAYeHHE HCCIEAYeMOro IMOKa3aTelsl COCTaBUIIO
33,6£1,4 npu crannapTHOM OTKJIOHEeHUH 8,1 (Tabnuua 2).

Tabauya 2
CraTHcTHYeCKHI AaHAJNM3 JaHHBIX MHJEKCA YIJIOIIeHHUs CBO/IA CTONBI CTYAEHTOB IPH HAIPY304YHBIX peKMMax
YloBepuTeNbHBIH

Daxcrop Cpemss CranmapTHOE CrangapTHas aTepBan Koaq)(bmmsm Tquoch

o OTKJIOHEHHE ormoKa Bapuanuu, % onbITa, %
Harpysku, % HIDKHSIS BEpXHAA
0 33,6 8,1 1,4 30,7 36,6 23,2 4,29
100 46,5 9,9 1,7 42,9 50,0 21,3 3,77

YBenuuenne Harpy3ku 10 100 % oT mMacchl COOCTBEHHOTO Teja OMPEIEIUI0 COOTBETCTBYIOIIEE MOBBINICHUE
mapameTpa ymiomieHuss cromsl o 46,5+1,7 mpu craHmapTHoM OTKIOHEHHH 9,9. OTHOCUTENBHO HEBBICOKUE
kodpdunmenta Bapuamuu (<24,0 %)  CBUACTENBCTBYIOT O HH3KOW HW3MEHYHMBOCTH 3HAYEHWH BHYTPH BBIOOPKH,
YCTaHOBJICHA TAK)KE YIOBJICTBOPHUTEIbHAS TOYHOCTH OmbITa (MeHee 5,0 %).
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VYCTaHOBIEHO, 4YTO MNPOJO/DKUTENBHOCTh IEPHOJA TPEHUPOBOK OKAa3bIBA€T BIMSHUE HA CTEIEHb
MOp(QOGYHKIIMOHAIBHBIX W3MEHEHUH CBOZAA CTONBL. B mepBble rojpl TPEHUPOBKH OTMEYAETCSl HEKOTOpas afanTalus
CBSI30YHO-MBIIIEYHOTO ~ammapara CcTombl K (U3MYecKUM Harpy3kam. OJHaKo NPOJOJDKHTENBHOCTh —IEepHoJa
TPEHUPOBAHHOCTH Oojiee 6 JIET MOXKET MPUBOJWTH K PAa3IMYHBIM BHIAaM W3MEHEHHMH CBOAA CTONBI KaK B CTOPOHY
CTaTHYeCcKHX aedopManuii CBoJa CTOIBI, TaK U KOMIIEHCATOPHO-NMPUCIIOCOOUTENBHBIX K ONPEETICHHBIM Harpy304HbIM
pexxumam.

VY CHOPTCMEHOK OTMEUYECHO YXY/IIIEHHE COCTOSHUSA CBOAOB CTOIBI B HATPY30UYHOM PEXHME, TaK KaK IapaMeTp
«HOPMaJIBHBII CBOZ CTOIBI» OMNpEneNeH TOJbKO Mg 25,0 % 00cnenoBaHHBIX CIOPTCMEHOK, OCTalbHbBIC COCTaBHIIH
«TPYIIy pHUCKa», Y KOTOPBIX OTMEYACTCs cTaTmdeckas AedopMmamusi CBOJA CTONBL: HE TONBKO B CTOPOHY «Ipea- U
YIUIOIIEHWE», HO M JIO SIPKO BBIPAXKEHHOTO IUIOCKocTomHsA y 8,3 % o0cienoBaHHBIX. Y CHOPTCMEHOB OTMEYAETCs
TOJIEPAHTHOCTH CBSI30YHO-MBIIIEYHOTO ammnapaTa CTOMbI K (PU3MUecKHM HarpyskaMm, Tak Kak gaxe mpu Harpyske 100 %
OT Maccel Tenma HOpManbHBIM cBoj ompexaeneH 11t 40,0 % oOcnenoBaHHBIX —CIIOPTCMEHOB, OCTaJIbHBIC
XapaKTepU30BATIUCh KaYeCTBEHHOM 30HOM «IIpen - U ymjolieHHas». [1nockuii cBoJ CTOMBI y CTYICHTOB 3TOM IPYyMIIBI HE
BBISIBJICH, [T09TOMY OTMEYEHHbIE M3MEHEHHS MOXHO XapaKTEepHU30BaTh KaK KOMIIEHCATOPHO-IIPUCIIOCOOUTEIBHBIE K
JTAHHOMY Harpy304HOMY DPEXHMY CIIOPTHBHBIX TPEHHPOBOK. OueHka Mop(oQH3MOIOrHYecKuX MapaMeTpoB CBOJA
CTOIBI CIIOPTCMEHOB Ha OCHOBE ILUTHTOrpaMyeckoro o0CiIeJ0BaHHsI HE0OX0quMa JJIsl pa3pabOTKH PEKOMEHIAIMH 110
YCTPAaHEHUIO JMOO YMEHBIICHUIO AUCOYHKIMH M TMATOJIOTHH OMOPHO-IBUTATEIBHOTO annapaTa, MOBBINICHHIO €ro
(YHKIIMOHAIBEHBIX BO3MOKHOCTEH.
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ASSESSMENT OF FOOT ARCH PARAMETERS OF STUDENTS
OF DIFFERENT LEVELS OF TRAINING IN NORMAL AND UNDER LOAD MODES

L.A. Evtukhova®, 1.V. Kurachenko?
! Associate Professor, Candidate of Agricultural Sciences, Associate Professor of the Department of Theory and Methods
of Physical Culture, *Senior Lecturer of the Department of Biology, Faculty of Biology
12 Educational institution "Gomel State University named after Francysk Skaryna" (Gomel), Belarus

Abstract. The article presents data on assessing the degree of flatfoot in student track and field athletes using
plantography. The athletes demonstrated tolerance of the ligamentous and muscular system of the foot to physical
exertion, as even with a load of 100% of body weight, a normal arch was found in 40% of the examined athletes; the
remainder were characterized by a qualitative "pre-flattened" and "flattened" zone. A flat arch was not detected in this
group of students, so the observed changes can be characterized as compensatory and adaptive to the specific load
regimen of athletic training.

Keywords: plantography, foot, youth, flat feet, athletics, athlete, tolerance.
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Annomayun.  Paccmompenvi  npunyunul  pabomul  cpAGUMAYUOHHLIX — HAKONUmMeneu  dHepeul.
Ipoananusuposanvl cywecmeyrowjue mexHuvyecKue peuwenus, npueoeHsvl paciémvl IHeP2OEMKOCMU, ORUCAHbL
nepcnekmuebl @HeOpeHus NOo0OOHbIX cucmeM 8 3Hepeemuyeckyio un@pacmpykmypy. Ocoboe enumanue yoeneHo
ahexmusnocmu HaKonAeHUs U 6036paAMA dHEPUU, d MAKNHCE IKOIOSUHECKUM NPEUMyuecmsam no CPasHeHuro ¢
XUMUYECKUMU AKKYMYTAMOPAMU.

Kniouegvie cnoea: mnaxonnenue dnepeuu, NOMEHYUATbHAA DdHEPeUsl, 60300HOGIAEMble  UCTHOUHUKU,
IHEP2OIPPeKMUBHOCMb, SPASUMAYUOHHBIT AKKYMYAANOP.

BBenenne. CoBpeMeHHas DHEPreTMKa CTOJIKHYJIACh C HEOOXOAMMOCTBIO IIOCTPOCHHUSI HAIEXKHBIX CHUCTEM
AaKKyMyJIMPOBAaHHS SHEPTUH, CIIOCOOHBIX CIIIAKMBATh HETIOCTOSTHCTBO BBIPAOOTKH 3JIEKTPHUYECTBA BO30OHOBISIEMBIMH
nucrounukamu [8]. IlpuBBIYHBIC aKKYMYJISATOPHBIE TEXHOJIOTHH, OCHOBAaHHBIE Ha XMMHUYECKHX IpoIeccax (JIMTHi-
HOHHBIC, CBHMHIIOBO-KHCIIOTHBIE W TIPOYME), HMEIOT OTPAaHWYEHHBIH CpPOK SKCIUTYyaTalliH, BBICOKYIO LEHY W
9KOJIOTUYECKHE ONACHOCTH. AJBTEPHATUBON CITy’KaT I'PaBUTAllMOHHBIE aKKyMymaTopsl >Heprun (I'AD) — cucrtemsl,
npuMeHsiomye QGyHaamMeHTanbHbld Qusndeckuit npuHumn [3, 4]. MHTepec K TpaBUTALMOHHBIM aKKyMYJsTOpam
3HAYUTENBHO BBIPOC B TOCIEAHHE ToAbl Omaromaps mpoekram Energy Vault (Ilseimapwms), Gravitricity
(BenukoOpuranus), Gravity Power u psay kuraiickux wununmatuB [4, 5, 9]. X pemieHus JeMOHCTPHPYIOT
BO3MOKHOCTh MACIITAa0HOTO XPAaHEHHs JIECSATKOB MEraBaTT/dac 3HEPruu 0e3 MCIONb30BAaHHU PEAKHX MATEPHAJIOB U C
MUHHMAaJIbHBIM BO3ACHCTBHEM Ha OKpyKaromyro cpeny. CormacHO MeXIyHapoJIHBIM Nporsosam, k 2035 romy moms
BO300HOBIISIEMBIX HCTOYHUKOB MOXKET COCTaBUTH Oosiee 60% MUPOBOH reHepanuy, 4TO MOTpedyeT HallM4uhe CUCTEM
HAaKOTJICHHS C BBICOKOH MOIIHOCTBIO M JJOJITOBEYHOCTHIO. HBIHEIIHAS SHepreTka TpeOyeT MOBBIIICHUS YCTOHUYNBOCTH
9HEPrOoCHCTEM C BBICOKOW noieir BUD, 3amemeHHs XNMHYECKHX aKKyMYJIATOPOB MEXaHHYECKHUMH, Oe30MacHBIMHU
pELICHUsIMHA, MUHUMHU3UPOBATh YIJIEPOJIHBIN CIIe]] SHEPTUH, CO3AaHNE HOBBIX apXUTEKTYP XPAHCHMS C BOZMOXKHOCTBIO
MOJyJNbHOTO MacmrtadbupoBanus. [l 3Toro HeoOXoaMMO: u3ydeHHe U OOOOIIEHHME HMEIOIUXCS CXeM
IPaBUTAIlMOHHOTO HAKOIIJIEHUS, BBIBOJ OOIIMX (GOPMYII JUIs ONpeeIeHUs] SHEPTOEMKOCTH U K03 HINEeHTa MOIE3HOTO
JIEUCTBHSA, COIOCTABUTENHLHOE M3y4eHHE IEHCTBEHHOCTH Pa3HBIX KOHCTPYKTHUBHBIX METOJIOB, IPEJCTaBICHHE HOBOH
METOJUKH ONpEIeIeHHsT XapaKTepPUCTHK Uil MayorabapuTHBIX ropojackux cucteM [1, 6, 9]. IIpn HeoOxommmocTn
BBIPAOOTKH JJIEKTPO’HEPIHH Macca IOAHATas BBEPX, OIMYCKAaeTCs BHU3, Bpamias I'eHepaTop uepe3 peayKTOPHBII
MexaHu3M. [loTeHImanpHas SHEprus mpeodpazyeTrcs B DJIEKTPUYECKYI0 C HEKOTOPBIMU IOTEPSIMH Ha TPEHHE H
npeobpasosanue. KIIJ| ompenensiercs kKak OTHOIIEHHWE YHEPTUH, BO3BpAIlaeMOW B CETh, K 3HEPTHUH, 3aTpauyeHHON Ha
MOIBEM:

%_ MGR * Nyey * Nan

= E.. mgh

= Nu=x " Nan
I'me My — Mexanmueckuit KI1J] npuBoaa u pexyKTopoB, Hzx — KII/I a3nekTpoMeXxaHn4ecKoro npeoOpa3oBaHus
(reneparopa W dneKTpoABHTaTeNs). JJIs COBPEMEHHBIX CHCTEM OTH 3HAYEHHs JOCTUTAIOT: Tye — 093, 75, = 0.9

yro paét cymmapusiii KIIJI nopsnaka 85 %, comocTaBUMBIN C JIydIIMMU XUMUYECKUMHU akkymynsropamu. OneHka
MacImTaboB HAKOIUIEHHs SHEPTHH cieayromast. ITycTs Macca rpys3a m = 108k , BeIcoTa mogpéma i = 100,

E =mgh = 10°- 9,81 - 100 = 9,81 x 10°Tx

© Mognonos H.T., XampakyinoB A.K., Kengues X.X., Ecoeprenos /I.M., Hacpunaunos C.C. /
Movlonov N.T., Khamrakulov A.K., Keldiev H.H., Esbergenov D.M., Nasriddinov S.S., 2025
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581107
IIpeobpa3ys B kumnoBart/4ac: E = Pyl 272 xBrigarc

Bagucumoctr E (h)u 7(¥) nokasanu nuHeiHbIN pocT sHeproéMkocty U yBenuuenne KITJI ¢ BeICOTOM MoabEMa
[6]. CpaBHeHue peanbHBIX YCTAHOBOK MOATBEPAMJIO MPEHMYIIECTBO INAXTHHIX cucTeM [5, 7]. B Hacrosiiee Bpemsi
BBIJICJISIFOT YETHIPE OCHOBHBIX THIIA TPaBUTAIIMOHHBIX AaKKyMYJIATOPOB: OallleHHbIC, IIAXTHBIC, TPOCOBBIC U
ruapasinueckue [4-6]. BamieHHBIe KOHCTPYKIIMM TpUMEHSIOTCS Kommanuedr Energy Vault SA (Ilseitmapus) [4],
maxTHee — Gravitricity Ltd (BenukoGpuranus) [5], a rumpasmudeckue moayau — Gravity Power LLC (Tepmanus) [6].
CpaBHHUTENBHBIM aHaNMW3 TpuBenéH B Tabmume 1, pe3ympTaThl TOATBEPKICHBI OTYETAMH  MeXIyHapOIHOTO
9HEPTETHIECKOTO arcHTCTRa [8].

Tabnuya 1
CpaBHHTEJIbHBIN pacdéT
Tun cucrembl OcHoBHOIi MmaTepuaJ | Inana3on momnocteii | KIIJ Tun pazmeuieHust
bamennas beton, crans 1-50 MBt'u 80-85 % Hazemusrit
[ITaxTHas Cranb, 6eTOH 5-100 MBt 4 85-90 % TTog3zeMHBIHI
TpocoBas Crasb, KOMIIO3HUTBI 0.1-5 MBTt'u 75-82 % Topoackoii
Tunpasnuyeckast | Crasp, Boaa 1-30 MBt'u 80-88 % YHuBepcanbHbIi

OTH AaHHBIE MTOKA3BIBAIOT, YTO JIaXKe MPU yMepeHHbIX BbicoTax (100-150 M) BO3MOXKHO CO3/1aHHE YCTaHOBOK C
9HEProéMKOCTHIO B COTHU KHJIOBATT/4ac, a npu OamHsax Beicotor 300-400 M — B MeraBaTT/4ac, 4To JejiaeT TEXHOJIOTHIO
KOHKYPEHTOCIIOCOOHOM ¢ COBPEMEHHBIMH JINTUH-UOHHBIMHU XPAaHWINIIIAMHU.

ITonpeM U omyckaHHe Ipy3a MPOUCXOJAT C PETYIUPYEMON CKOPOCTHIO V7.

MrHOBEHHAasI MOIIIHOCTh CHUCTEMBI OIIpe/ieNsieTcs Kak:

P=F-v=m-g-v

Ilpu oSTOM oONTHMaNbHAs CKOPOCTb BBIOMpAaeTCS W3 YCJIOBHS MHUHHMMH3ALMM IOTEPh HAa TpEeHHE U
COIIPOTHBIICHHE TPUBOAA. [ MPOMBIIIIIEHHBIX YCTAaHOBOK XapakTepHbl ckopoctd 0,5-1,5 m/c. MoXHO paccMOTpeTh
OOIIYI0 MOZIENb SHEPIMU HAKOIUIEHHS M PacyéTsl. ECM MOMIHOCTE, MojaBaeMas Ha JBUIraTelb - iz (BT), MomHoCTS,
BBIZIaBaeMas TEHEPaToOpoM TIpH paspsine - Fum (BT), Macca momammaemoro rpysa 1 (Kr), BbicoTa Tombéma B (M),

.. ] Pex Bl
CpemHsisi CKOPOCTh MOIbEMA/OMyCKaHus ¥ (M/C), BpeMsl IHKiIa t = . (c). Torma: E,. =B+t = "‘; y Erpes = mgh;
E.. =1 E}p;_g TAC 1] = Mye " Nag — oOmmit KITJ nwmkma. s obecrmedeHHss yCTOWMYMBOW PabOOTHI aKKyMYJISATOpPa

(OHTI/IMI/ISaLII/IFI MOIIHOCTH W CKOpOCTI/I) HGO6XOI[I/IMO HO,I[06paTB OIITUMAJIBHYIO CKOPOCTh ¥, TIIpHU KOTOpOI\/’I
MCEXaHUYCCKHUC U IJICKTPUICCKUE NOTEPU MUHUMAJIbHBI. CyMMapHLIe NOTEPU MOITHOCTH BBIPAKAKOTCA KaAK:

Froz :P?p +E; +P.=_=]J

rae PT]] — OOTCpH Ha TPCHUC B MCXaHU3MAX, Pz-.: — IIOTCpHU Ha npeo6pasoBaHI/Ie TOKa, PL'-"]J — A9pOAUHAMHUYCCKUC

norep (JUIA HapyXHBIX cucTeM). st GOJIBIIMHCTBA YCTAHOBOK ONTHUMAJIbHAS CKOPOCTH ¥y HAXOJIUTCS B JWAIa30HE
0,7-1,2 m/c, mpu koTopoMm mocturaercs MakcumanbHbI KIIJ[ oxono 85-88 %. 3asucumocts KIIJ] oT ckopoctu
noabéMa UMEET BUI;

ln(V)

v

05 10 1.5 mc

Puc. 1. 3asucumocmo KITJ 717
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I'paBuranmonHsie Oaraper B OyaylieM MOTYT CTaTh HaAE&KHbIM (yHIAMEHTOM MHPOBOW CHCTEMBI XpaHCHHMs
sHepruu. B Omwkaiimme necsTHIETHs TpaBUTALMOHHBIE CHUCTEMBl HAKOIUICHWS DHEPrHMU OyAyT pa3BHBaThCS Kak
MacuTabupyeMble, [OJTOBEYHBIE M JKOJOTMYECKH O€30MacHble pemieHHs JJIsl HWHTErpalud  BO30OHOBIISIEMBIX
HUCTOYHMKOB B DJHEproceTd. B HEKOTOpBIX cilydasx JHM(TOBBIE CHUCTEMBI MHOTOATXHBIX 3IaHUH 00JIalaI0T
MOTEHIMAJIOM JUISl UCIIOJIb30BAaHHS B KAYECTBE JIOKAIBHBIX I'PAaBUTAIIMOHHBIX aKKyMYJISITOPOB, I'JIe IBI)KCHNE KaOUHbI U
MIPOTUBOBECA MOXKET OBITh MPE00Pa30BaHO B JIEKTPUUECKYIO DHEPTHIO, TO €CTh JU(PTHI MHOTO3TaKHBIX JIOMOB MOTYT
BBINIOTHATH (PYHKINIO MUHHU-TPaBUTAIIMOHHBIX T€HEPATOPOB, YACTUYHO BO3BpAIIasi YHEPTHIO B CETh. [IepCHEKTUBHBIM
HaNpaBJICHUEM SBIAETCS HCIOJIB30BAHNE IH()TOB MHOTO3T@XKHBIX 3[JaHMH KakK 3JEMEHTAapHBIX TI'PABUTALMOHHBIX
aKKyMYJISITOPOB, CIIOCOOHBIX BBIPA0ATHIBATE SIEKTPUIECKYIO SHEPTHIO IPH NEPEMEIICHNN KaOMHBI U TPOTHBOBECA.
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ENERGY EFFICIENCY OF GRAVITY ENERGY STORAGE SYSTEMS
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Abstract. Principles of operation of gravitational energy accumulators are considered. The existing technical
solutions are analyzed, calculations of energy intensity are given, the prospects for introducing such systems into the
energy infrastructure are described. Particular attention is paid to the efficiency of energy accumulation and return, as
well as environmental advantages compared to chemical batteries.

Keywords: energy storage, potential energy, renewable sources, energy efficiency, gravitational accumulator.
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YK 67.02
BAPUAHTBI KOHCTPYKIIU MPUBEPEXHBIX BOJTHOBBIX QJIEKTPOCTAHIIUI

FO.B. CokonoBcKHil, KAHIUIAT TEXHUYECKUX HAYK, HC3aBUCHMBII UCCIICIOBATEb
(HoBocubmpck), Poccns

Annomayus. Mopsa u oxeanvr sanumarom 71% nosepxnocmu 3emau. Hmerowasncs 6 Hux 60300H061s1eMAs
oHepeus npakmuuecku Heucuepnaema. Ona nposeasemcs 6 guoe GoJH 8 OMKPLIMOM MOpe, MOPCKOM npuboe, npuiueax
U OMIUBAX, A MAKJCe @ MOPCKUX meuenusax. Boanwl zemepupyiom nopsoka 2 TBm ouepeuu, umo 6 06a pasa
npegocxooum obwjuii 06vem 8bipaboOmKU dIHEP2UU 80 8ceMm Mupe 6 Hacmosawee epems. I10CKobKYy yoenbHas MOWHOCb
gonHeHUs 800bl HA 1-2 nopsaoka npesviuiaem yOenvHy0 MOWHOCHb 6empPo8020 NOMOKA, BOIHOBAs IHEPLEMUKA MOJCEM
okazamucs 6Gonee Bble0OHOU, uem @empogas. Ilpunyun pabomvl GOIHOSLIX INEKMPOCMAHYUL OCHOBAH HA
npeobpazoeanuy KUHemu4ecKkol sHepeuu 60IH 8 diekmpuyeckylo. llpuenexamenbHoCms UCHOAL308ANHUSL OIH OJA
NOJYYeHus: 2NeKMpoIHepeUll 3aKT0UAencs, 8 Nepeyio 0uepeds, 8 UX BbICOKOU YOelbHOU MOUWHOCMU, KOMOPAs 8 OAHHOM
cyuae yuumovléaem noKazameny CONHEYHOU U 6eMpO6otl IHEPSUU.

Knioueguie cnosa: mops, 6onnvl, Mopckoe OHO, INeKMPOMAZHUMHBIE NPEOOPAZ08ATNENU, MASHUMDbI, NPYIHCUHDL,
HONIABOK, pbluaz, mpoc, MepHblll 2py3, kopomuicio, LC-uremp,kamywiku.

1. BBeaenue.

Mopst n okeansl 3aHuUMaioT 71% mnoBepxHocTH 3emsn. OOBEMBI BOABI B 3TUX aKBaTOPHSIX OTPOMHBI, a
HMEIOIIAsCSl B HUX BO30OHOBIISIEMasi SHEPTHUs IMPaKTHIECKH HencueprnaeMa. Boma 3meck mpeObIBaeT B HENIPEPHIBHOM
JIBIDKEHUH, KOTOPOE MPOSBIAETCS B BUJE BOJIH B OTKPBITOM MOpE, MOPCKOM IpU0OOE, MPUIINBaX U OTIMBAX, a TAKKE B
MOPCKHX TEYEHHsX. MICTOYHMKOM 3TOIl BHEPrHu SIBISETCS KOCMOC, INaBHBIM 00pa3oMm CoiHIIE: BOJIHBI BBI3BIBAIOTCS
BETPOM, MOpPCKHE TE4YeHHUs] OOYCJIOBICHBI OCOOCHHOCTSMHM KJMMaTa, a NPWIMBBL M OTJIMBBI BBI3BAHBI CHJIAMH
nputsbkeHus Jlynel u Connna. Bonusl renepupyror mnopsaka 2 TBT sHepruu, 9To B J1Ba pas3a IPEBOCXOIHUT OOIUit
0o0beM BBIPa0OTKM SHEPrMM BO BCEM MHpE B HacToslee BpeMs. BoiHOBas »IEKTPOCTaHIMS — YCTPOMCTBO,
obecrieunBaromiee BbIPAOOTKY JIEKTPOIHEPTHH 3a CUET KOJIe0aTeNbHOTO JBIKeHMsT Mopckux BoiH. ITo moacyeram
YYEHBIX 3TOT YHEPreTUYECKUI MOTEHIMAN albTEPHATUBHOIO HCTOYHMKA MOYYEHUs AIEKTPUYECTBA COCTABIAET 2 MIH
MBT, uto MoxkHO cpaBHUTE ¢ 1000 aTOMHBIX cTaHIHH, (YHKIIMOHUPYIOMINX HA MOJIHYI0 MOIMIHOCTE. [IpenmymiecTtBoM
TaKUX YCTAHOBOK SBIISICTCS TO, YTO BBIPAOOTKA BIICKTPOIHEPTHMHM HE HAHOCHUT BpeJ OKpYyXKaromeHd cpene. Bemymime
IIPOM3BOIUTENH BOJHOBBIX JIEKTPOCTAHIMH MIPEAIaraioT yCTPOWCTBA, paboTaIOIINE TOJIBKO B MPUOPEKHBIX 30HAX, TIC
MOIIIHOCTb COCTaBJIsIeT MakcuMyM 75-80 kBT Ha MeTp, a cpeaHsst BbICOTa BOJIH — JI0 ABYX METpOB. Takoil ke ypoBeHb
HaOmonaercss B OOJbIIEH YacTH MHPOBOTO OKEaHa B CIIOKOWHBIX MOTOAHBIX YCIOBHSX. YCPEAHEHHBIH MOKa3aTelb
yIeNbHOM MOIIHOCTH BOJH B CeBepHOM IONIyIIApUU COCTaBIsIeT B mpenenax 25 kBT Ha meTp. Pernonsi, Hanbonee
MOTEHIMAJIbHO NPHUTOJHBIE IS 3allyCKa BOJIHOBBIX AJIEKTPOCTAHIUM — 3TO TEPPUTOPUU C IMOOEpekbeM OONBIION
MPOTSDKEHHOCTH M HAJMYMEM CTaOWIBHBIX CHJIBHBIX BeTpoB. “IlpM NpomOmKUTETHPHOM BO3AEHCTBHM BeTpa
Xa0THYECKOE BOJHEHHE IPHOOpETaeT CTIPYKTypy, ONM3Kyr0 K perymspHoil. Ilpm sToMm mposBisercss CBOICTBO
JUCTIEPCHUU: HEPETYJISIPHOE BOJIHEHHE pa3felisieTcs Ha IBIDKYIIUECS C Pa3HOW CKOPOCTBIO COCTABISIOIIME BOJIHOBOTO
cnekTpa. KopoTkue BOJNHBI OTCTalOT M 3aTyXaloT, a Haubojee UIMHHBIC U BBICOKHE BOJHBI, OTIENAACH OT IPYTUX
TapMOHHK, OOpa3ylOT OTHOCHTEIBHO DPETYISpHBIE CTPYKTYpbl. B mpuOpexHol 00sacTH CTENeHb HEPEeryJspHOCTH
BOJIHEHUSI YMEHBIIIAETCs, @ UX HAalpaBJICHUE YIOPAA0YMBAETCS MO OTHOIICHMIO K JIMHUU Oepera. [lpyrumu ciioBamu,
MOpPCKOE JIHO B TIPHOPEKHOM paiOHE MOXKHO PacCcMaTpUBaTh Kak (DUIIBTP, KOTOPBIHM BBIAGISCT SKCIUTyaTalMOHHbIC
BosHbI” [5]. TlockoybKy yenbHas MOILIHOCTb BOJHEHMs BOABI HA 1-2 MOpsiAka MPEBBILAET YAEIbHYIO MOIIHOCTb
BETPOBOrO IOTOKA, BOJHOBAs PHEPreTHKA MOMKET OKa3aThCsl Oojee BBITOAHOW, yeM BeTpoBas. IIpumHumm pabGoTsl
BOJIHOBBIX AJIEKTPOCTAHIMI OCHOBAaH Ha MPEOOpa30BaHUK KHHETHYECKOI SHEPTHH BOJH B 3JEKTpHUECKy0. CI0KHOCTh
CO3JIaHMS TAKMX KOHCTPYKLHH 3aKJII0YAETCsl B KCIUTyaTallMOHHBIX OCOOECHHOCTSIX, CBSI3aHHBIX C (DYHKIIMOHUPOBAHUEM
BCcel YCTaHOBKH B arpecCHUBHOW cpeje, — COJIEHOW MOpckoi Boze. Iiist HopMalbHOTO (YHKITHOHUPOBAHHS BOJTHOBBIX
ANEKTPOCTAHIINI OOBIYHO CO3JAIOT 3aLIUTHBIE HPUCTIOCOOICHHUS, MPEACTABIAIONMNE COO0H BONHOPE3bI U TOPMO3HBIE
IIUTHI, KOTOPbIE O0ECTeYUBAIOT CHIDKEHHE UYpPE3MEPHOW DHEPTHH BOJIH, CIIOCOOHOW WX pa3pymuTh. PaszpaboTaHo
HECKOJIFKO Pa3sHOBUAHOCTEH TaKUX YCTPONUCTB, KOTOPHIE OTIMYAIOTCS IO MIPUHIUITY paOOTHI M KOHCTPYKIIMH.

2. ClIOCOB ITPEOBPA30OBAHMS MEXAHUYECKOM SHEPT MU MIEPBUYHOI'O HCTOYHUKA
B DJOJIEKTPUYECKYIO W BOJIHOBAS JHEPIETHYECKASA YCTAHOBKA JJA EI'O
OCYHECTBJIEHUA [1] nmo Puc. 1. B kadecTBe HCTOYHMKA HCIOJNB3YIOT BOJHOBYHO CTPYKTypy 1 BoaHOM
noBepxHocTH. Ha Hell pasmemaror npeodpasytomyro cucremy (I1C) 2 Ha ocHOBe, 10 MEHbIIEH Mepe, ABYX AUCKPETHBIX
MOJyNneil B BHUJAE JIMHEHHBIX 3JIEKTPOMArHUTHBIX NpeoOpasoBaTeneld 3, C TMOJIBMKHOM 3JIEKTPOHU30JMPOBAHHOM
06MOTKO#1 4 M MATHHUTHOI CHCTEMOi 5. DIIeKTpOMarHuTHBIE MpeodpazoBarenu 3 uHTerpupytoT B I1C 2 mocpencTsom
COBOKYITHOCTH MEXaHWYECKHX CBs3€il B BHIE KECTKOI OOBEMHOI BOJHONPOHHUIIAEMOH pemeTdaTtoil CTpyKTypsl 7 ¢

© Coxonosckuii F0.b. / Sokolovsky Yu.B., 2025
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MOJIOKUTEIbHOH MIaBy4eCThI0 I MUHHMAJIbHBIM BEPTHKAIBHBIM NEpEeMEIEHEM OTHOCUTENBHO CpeHe muockocTu 8
BOJIHOBOH CTPYKTYpSHI 1.

[IONOKHUTEIbHYIO [IABYYECTh MATHHTHON CHCTeMbI 5- 5'B KamIOM MOJIy/le OpraHH3YKT MHOCPEACTBOM
KMHEMaTU4YeCKON CBA3M C momiaaBkoM 6. [l 3Toro momiaBok 6 pasMelaloT B €ro BEpXHEH uyacTH, B BOJHOBOIL
cTpykType 1 BogHO noBepxHocTH. Pa3paborana BoHOBas SHEpreTHYECKask YCTaHOBKA JUIs peau3aluy crocooa.

et e— =l
=a T -

PR | 7

1 1 .

=" B

4/H—I ﬂ>—:’i

1O -3 eV
P ——NT Ta

Puc. 1. Bonnosas snepeemuueckas ycmanoska
1 — 6onnosas cmpyxmypa, 2 — npeobpazyrowas cucmema-KoHCmMpyKyus, 3 — nunetinvle d1eKmpomMacHumubsle npeobpazosament,
4 — goaHonporuyamvie 0OMOMKU, 5 — MASHUMHbIE CUCTEMbL, 6 — NONABOK, 7 — pewemuamas CmpyKmypa ¢ ROA0ACUMENbHOL
naagyuecmolio, 8 — cpeoHas NIOCKOCHb 60AHO80U cIpyKmypbi-1

YcrpoiicTBo, peanusyromee crnocod HEONPaBAAHHO CIOXKHOE MO KOHCTPYKIWH. PacrosioxkeHue oOMOTOK M
MarHUTHOM CHCTEMBI B BOJIC SBHO 3aBBICHT CTOMMHCTh YCTPOWCTBA, MOHHU3HT HAAEKHOCTb, YCIOXHHUT €T0
9KCIITYaTaIHIo.

2. Boanogas 3nexTpoctanuus (BOC) [2] mo Puc. 2. a) — Bux c6oky; 6) — yepTex KpeIUuIeHUs pbluara; B) —
By cBepxy u Puc. 3. BOC comepxuT nmpeobpa3oBatesib SHSPTHH BOJIH. MOIUIABOK, MPUYEM IpeoOpa3oBaTeb SJHCPTHH
BKJTIOYAET:

— CcHCTeMy IIecTepeH — 6, 7, 3aKIIOYeHHBIX B KOpIyc — 4, KOTOpBIH 3akpemjieH Ha omope — | Bhlmie
ITOBEPXHOCTH BOBI U BBITMIOJIHEH C BO3MOXHOCTBIO BpallleHHUsI BOKPYT BEPTHUKANIBHOM OCH;

— peMar — 9, KOTOpPBIM OJHMM KOHIIOM COEAMHEH C CHUCTeMOHl ImectepeH — 6, 7 dYepe3 MeXaHU3M
OJTHOCTOPOHHETO BpamieHUs] — §, a BTOPBIM — C LIJIMHAPHUYECKUM IOIUIAaBKOM — 10, mpy 3TOM MOIUIaBOK CBOOOTHO
BpallaeTcs Ha OCH pbrdara — 9. DIEKTPUYECKUH TeHepaTop — 5 3aKperuieH Ha onope — | BBIIIE MMOBEPXHOCTH BOABI U
COCIUHEH C MpeoOpa3oBaTelieM YHEPTHH W Ha OJHOU M3 CTOPOH Kopiryca — 4 Ha OJHOW OCH C MajoH ImecTepHer 6.
[Mon maoif mecTepHe# — 6 BHyTPH KOpITyca 4 HaXOOUTCs OOJbIIas IeCTepHs — 7, 3allelUICHHAs ¢ Mo mecTepHel 6.
Bonbmast mectepHs — 7 yepe3 MeXaHM3M OJHOCTOPOHHETrO BpAICHHs — 8 pacKpy4dHBaeTcs ¢ MOMOIIbIO peryara — 9.
IIpu sTOM OH 3aKkpelUleH Ha omope — | BBIIIE MTOBEPXHOCTH BOJBI M COEIMHEH C INpeodpa3zoBaTeneM SHEpPIHu.
Hampsokenue ¢ reneparopa — 5 moctymaet Ha Oeper (KOHTpoJIIep 3apsaaKu, OaTtapes, UHBEPTOP U T.1.).

Puc. 2. [Ipeobpazosamens suepeuu 601
1 - onopa, +, 4 — kopnyc, 5 — cenepamop, 8 — mexanuzm 0OHOCMOPOHHE20 BpALEHUS,
9 — pviuae, 10 — nonnasox, 11 — onepenue nonnagka

Puc. 3. Boanosas snexmpocmanyus
2 — banxa, 3 — demanv Koncmpykyuu, 4 — kopnyc, 5 — eenepamop, 9 — pviuae, 10 — nonnaeox, 11 — onepenue nonnagka
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3. IIpudpe:xxknoe “BoanoBoe s>Heprernyeckoe ycrpoiicrso” (IIBOY) [3] no Puc. 4. [IBOY cocrout u3
HECKOJIbKUX BOJIHOBBIX HSHEPreTHYecKuX ycTpoicTB (BIY), coenmHeHHBIX Mexay coboil snemeHTamMu 0a30BOM
koHcTpykumu — 10. Texuuyeckuit pesynbraT oT mnpuMmeHeHus [IBDY  3akimrouaercss B MOBBINICHUH
9HeprodpPeKTUBHOCTH OTAEIbHBIX BOY ¢ yueTom pasmepa neamerpa 00beMHOrO MOIUIaBKa — 1 OT CpeAHEro 3HAYCHUS
BOJIH B JIAHHOW MECTHOCTH, MCIIOJB30BapHsl €ro JBIKEHHUS! HE TOJBKO IO BEPTUKAM, HO M ropusoHTanu. C pocToM
CKOPOCTH BOJIH PAacTeT U UX JUIMHA A, TAK KaK 3TH HapaMeTphl CBSI3aHbl (OPMYJION TUCTICPCUH

rae A — anuHa BoyiHBL. C — CKOpOCTB BOJIHBI.

ITommaBok — 1 ¢ yueroM cBoero oObeMa JOKEH OBIThH JieTde BOJBI M 00ECIIEUMBATh IIIABYYECTh C  yIETOM
Beca MepHOTo Trpy3a — 2. OH ToABemIeH Ha OCHOBHOM TpOC — 3 M COEOMHEH TPOCHKOM — 4 C MEpHBIM T'py30oM — 2, K
KOTOPOMY MOACOEIUHEH CTPAXOBOYHBIA TPOC — 5, NPUKPEINICHHBIM K OJHOMY M3 3JIEMEHTOB 0a30BOIl KOHCTPYKINH
— 10. Bec mepHOTO Tpy3a — 2 ypaBHOBEUIMBACTCS MPYKHHON — 13 snexTponpeoOpa3zoBaTeis Ha YpOBHE MOIIABKA MPH
CIIOKOIHOHM Boxe. DnekTpuukckas cxema [IBDY mana ma Puc. 5. OHa coCTOHUT M3 HECKONBKHUX THOTHBIX MOCTOB — 15,
BXO/IBI KOTOPBHIX MOICOCAMHEHbI K KaTyIIKaM — 8 JMHEHHBIX JJIEKTPHUYECKHX NpeodOpaszoBareneii BOY, a Bexombl
MOCTOB BKJIOUEHBI ITOCJICJOBATEIBHO M II0JICOEMHEHBI K Harpy3ke uepe3 criaxusaroumii LC ¢unbtp — 16.
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Puc. 4. Bonnosoe snepeemuueckoe ycmpoucmeo
1 — Obvemnvlii nonnasok, 2 — mephwlii 2py3, 3 — OCHOGHOU MPoc, 4 — MPOCUK, 5 — cmMpaxosounvlil Mmpoc, 6 — KOIbYesoll depicameny,
7 — maenumel, 8§ — kamywxa, 9 — kopomvicio, 10 — snemenmeor 6a30601 KoHcmpykyuu, 11 — ecnomozamenvrvle wimoxu, 12 — wapuup,
13 — npyorcunvl, 14 — yposens cnokotioll 600bL

x-,' ; NMML : ; M’J. ___T,——o

T

Puc. 5. Dnexmpuueckuii onox [IBOY
8 — kamywxku, 15 — ouoonvie mocmoi, 16 — LC-punomp

Padora MBJY. [Ipu oTcyTcTBUM BOJHEHHS OOBEMHBIM MOIUIABOK — | HETOABM)KEH, OTMEYAeTCs YPOBEHBb
cHokoiHO# Bojibl — 14, Ha Bhixone LC-dunbrpa — 16 HyneBoe Hanpsbkenue. Takoit pexxum padotel [IBDY ananornvex
BETPOYCTaHOBKaM Tpu Oe3BeTpuu. [Ipu mosiBIeHWHM BOJNHEHHWS OOBEMHBIN TMOIJIABOK — | NPHUXOAUT B IBIDKCHHE.
Hapymaercs ©OamaHc MexTy NpYKHHOH — 13 ¥ MEpHBIM I'py30M — 2, CBSA3aHHBIMH TPOCOM — 3 depe3 0ObEeMHBIN
noruiaBok — 1. JIBwkeHne mnoruiaBka — 1 yepe3 Tpoc — 3 M KOPOMBICIIO — 9 mepelaercs Ha KaTymky — 8,
PAaCIIOJIOTAIOMIYIOCS B MATHUTHOM TI0JI€ MAarHUTOB — 7, 3a((UKCHPOBAHHBIX 3JIEMEHTaMH 0a30BOIi KOHCTpYKImH — 10, a
KOpOMBICIO — 9 — BcrioMoraresbHbIM ITOKOM — 11 M KOJBLEBBIM JepxkareneM — 6. Polyaxknas cucrema Ha Oaze
KOPOMBICJIa B HECKOJIBKO pa3 MOBBIIIAET CKOPOCTh ABMKEHHUS U CHIIOBOE BO3/AEHCTBHE KATYIIKU — § B MATHUTHOM I10JIE
MarHuToB — 7, NOBBIIIAs 3HEProd)(EeKTHBHOCTD JIMHEWHOTO 3JIEKTPHUYECKOTo HpeodpasoBarenst kaxjgoro BDY. C
Y4eTOM pa3Mmepa JieaMeTpa 00ObEMHOTO IOIUIABKA OT CPEAHEro 3Ha4YeHWsS BOJH B JIAHHOW MECTHOCTH PacUHMTHIBACTCS
OPHEHTHPOBOYHAS CPEIHSAS MOIIHOCTh Kaxjgoro BOY u nx KkommdyecTBO, OOBEIMHEHHOE C IOMOILIBIO 3JIEMEHTOB
0a30Boi KOHCTPYKIIMHU — 10, HEOOX0AMMOE IS TIpenoioraeMoit Harpysku [IBDY.
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4. "YcrpoiicTBo mpudpe:kHOoro npeodpazoanus 3Heprum BoaH'" (YIIIIOB) [4] no Puc. 6.

Ha yyacTke BoHOH MOBEPXHOCTH 3aJJaHHOM IIOIIAAN BOJIN3KM MOPCKOT0O Oepera pa3MeliaoT peoopa3yomyro
CHCTEMY, COCTOSIIYIO M3 HECKOJBbKHMX IpeoOpaszoBareneii sHepruu BoiH ([IOB) Ha ocHOBe /ABYX, 3JEKTPUYECKH
CKOMMYTHPOBAHHBIX JIMHEHHBIX AJIEKTPOMarHUTHHIX npeodpazosateneit (JIDIT). Konctpykuus JISII cocrout u3 aByx
yacTeld 1 oOecrednBaeT B3aMMHOE JIMHEHHOE MepeMeleHre KaTylKi — 6 OTHOCUTEeNbHO MarHuToB — 7. JISII cocrout
U3 TIO/IBWKHBIX JJIEKTPOW3OJIMPOBAHHBIX KAaTyHNIeK — 6, PAaCHOJIOKEHHBIX BHYTPU MarHuToB — 7. TexHuueckuid
pesynprar orT mpumeHenus YIIIIDB 3akmouaercs B 3HEproagdektuBHOCTH OTAETHHBIX [IOB ¢ yuerom pasmepa
00BEMHOTO TOIJIaBKa — 1 OT CpemHEro 3HaYCHHS BOJIH B JAHHOW MECTHOCTH, HCIOJB30BaHUS €TO IBIMKCHHUE IIOJ
BO3/IICTBIEM BOJH HE TOJIBKO IO BEPTHKAJH, HO M 1O ropu3oHTanu. K ToMmy ke mpeaycMoTpeHa IpenBapUTEIbHAas
YCTaHOBKa HY>KHOTO KoJimdecTBa [1OB ¢ moMoImbio 37eMeHTOB 06a30BOM KOHCTPYKIIMH — 18 [y mosydeHns 3agaHHON
MOIITHOCTH MOTpeduTensaiM. OpHUEeHTAIHIO TTOTUIaBKa — | OTHOCHTENBFHO OEperoBO JINHIH 00eCIIeYNBACT XBOCTOBHK — 5.
ITorutaBok ¢ ydeToM cBOero oObeMa MODKEH OBITH Jerde BOABI M OOEcCIednBaTh  IUIABYYECTh IPH HAIUIUHU
LEeHTpHUpymoLero rpy3a — 14. IlonaBok — 1 coeuHEeH ¢ HEHTPUPYIOLUUM I'Py30M — 14 CHMMETPHUYHO 3aKpEIIEHHBIMU
Tpocukamu — 15. IlpudeM neHTpupyromuii rpy3 — 14 cTpaxoBOYHBIM OTPaHUYUTENBEHBIM TPOCOM — 13 moJcoeauHeH K
aseMeHTaM 06a30Boi KoHcTpyKimu — 18. Bec rpy3a — 14 ypaBHoBemmBaetcs npyxunoit — 8 JIDII mis BepTHKanbsHOTO
JIBIDKEHUS MOTI1aBKa — 1 OTHOCHUTENIBHO YPOBHS CIIOKOHHOM BoabI — 19,

Pa6ora YIIIIDB. [Ipu BojlHEHEHNH IPOUCXOAUT OTKJIOHEHEHHE MOIIaBKa — 1 10 TOPU30HTAIM M BEPTHUKAJIH,
BO3ZICUCTBYA Ha KaTyIIKM — § B MAarHUTHOM I10JIC IOCTOSHHBIX MAarHUTOB — 7 BEPTUKAJIBHOTO U T'OPU30HTAIBHOIO
JISII. Ipmxenne oObpeMHOTO TMOTDIaBKa — | mepemaeTcst Ha KaTymku — 8 oboux JIOII uepes meHTpaibHBIA ITOK — 3 U
PBIYXKHYIO CHCTEMY Ha 0a3e Kopombicenl — 12, mpocThIX ImapHUiIoB — 4, KonbLeBbIX — 10 ¥ mpsAMoyromsHeIx — 9
HanpaBuTenel. [IpuMeHeHre KOpOMBICEN B HECKOJIBKO Pa3 MOBBIIIAET CKOPOCTh U CHIIY IIPH NEPEMEIIECHUN KaTyIIeK —
8 B MAarHUTHOM I10JI€ MarHUTOB, YMEHbIIas X rabapuThl IPH MOBHIMEHNN 3(dekTnBHOCTH. DTO obecrednBaeT s
otnensHBIX [1DB 3HaYNTENhHYI0 MOIIHOCTE, & TPyINa u3 HecKonbkux [I9B ¢opmupyeT 3amaHHyI0 MOIIHOCTE BCei
VIIIISB. IIpuyem, BBIXOABI BceX KaTyuiek — 6 rpymmsl (cM. Puc. 7) moacoennHeHb! K MHIUBUAYAIbHBIM THOTHBIM
MocTaM — 17, KOTOpBIE HOIKIIOYEHBI MOCJIENOBATENBHO M CYMMHPYIOT HAIpsIKEHHE M MOIIHOCTh HECMOTpS Ha
pa3IUYHOE HampaBlIeHHE JBM)KEHHUS KaXJO0ro OOBEMHOro MOIUIaBKa — 1 M Pa3HOro 3HaKa M BEJMYMHBI HANPSKCHUA
(TOKa) Ha KaTylIKaX, HOAKIIOYCHBIX K TUOIHBIM MOCTaM — 17, COETMHEHHBIM IMOCIEIOBATEIEHO U MOJKIIOUEHHBIX K
LC ¢unptpy, Ha BBIXOJE KOTOPOrOo  IOJy4aeM CyMMAapHOE HAMpsHUKeHHE M 3amaHHyro MorrHocth YIIIIOB.
Dnekrpudeckas cxema no Puc. 7 yepes RC ¢unbTp — 16 noncoennHHa K Harpyske.

Puc. 6. Yempoiicmeo npubpesicozo npeobpazosanus duepauu 0.

1 — ob6vemmbiil noniasox, 2 — waposoil wapHup, 3 — YyeHMpAaIbHuIll WMOK, 4 — HECKOTLKUX NPOCMBIX WLAPHUPOS, 5 — X80CMOBUK,
6 — kamywiku, 7 — macnumsl, 8 — npyscunsl, 9 — npamoyeonvrvle Hanpagumenu, 10 — korvyevie nanpasumenu, 11 — wmoxu
kamywex, 12 — kopomvicna, 13 —cmpaxogounviii oepanuuumensmsiii mpoc, 14 — yenmpupyrowuii 2pys, 15 — cummempuuno

3aKpeniennvle MpoCuKu yeHmpupylowezo epysa, 18 — snemenmoi 6a30601i koncmpykyuu, 19 — ypogens cnokoiinoi 800bl

16
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Puc. 7. nexmpuueckuii 6aox YIITIOB
16 — RC ¢punvmp, 17 — ouoousie mocmot
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5. 3akarouenune. BonHoBble aiekrpocranuuu (BJ) npennasHaueHsl aist mpeoOpa3oBaHUs SHEPTUM MOPCKHX
BOJIH B 3JIEKTPOIHEPTHUIO, KOTOPOH 00ECHeyrBalOT aBTOHOMHBIE M OeperoBble OOBEKTBI. DKCILIyaTal[MOHHAs dHEPIHs
BOJIH B MPUOPEKHOM 30HE HECKOJIBKO MEHBIIE, YeM B OTKPBHITOM Mope. OpHako HeOonblINe MPHOPEXKHBIE BOIHOBBIE
anexTpoctaniuu (I1BD) sBnsitoTcst He MeHee PUBJIEKATENLHBIMU, YeM KpyTHble. VX yCTaHABIMBAIOT B ONPEIEICHHOM
MOPSIIKE BIIOJIb BCero nodepeskbst. HeOomple ycTaHOBKM MOXHO YCTaHABJIMBATh Ha CTCHAX MPUYAJIOB U OIIOP MOCTOB,
YTO TI03BOJISIET BBIPA0ATHIBATH 3JIEKTPUYECKYIO JSHEPTUIO M OJHOBPEMEHHO OOECIeYMBaTh 3aIUTY COOPYKEHHH OT
paspylieHuss Tox Bo3aelcTBHeM BONH. OHHM  SBISIOTCA TNPH 3TOM TaKkKe BOJHO3AIIUTHBIMH COOPYKCHUSIMU
IUTA OeperoBOM JIMHUH.
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COASTAL WAVE POWER PLANT DESIGN OPTIONS

Yu.B. Sokolovsky, Candidate of Technical Sciences, Independent Researcher
(Novosibirsk), Russia

Abstract. Seas and oceans occupy 71% of the Earth's surface. The renewable energy they contain is practically
inexhaustible. It manifests itself in the form of waves in the open sea, sea surf, ebb and flow, as well as in sea currents.
Waves generate about 2 TW of energy, which is twice the total energy generation worldwide at present. Since the
specific power of water waves is 1-2 orders of magnitude higher than the specific power of the wind stream, wave
energy may be more profitable than wind energy. The principle of operation of wave power plants is based on the
conversion of kinetic energy of waves into electrical energy. The attractiveness of using waves to generate electricity
lies, first of all, in their high specific power, which in this case takes into account the indicators of solar and wind
energy.

Keywords: seas, waves, seabed, electromagnetic transducers, magnets, springs, float, lever, cable, measuring
weight, rocker, LC-filter, coils.
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