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OPHNU3UKA

3AXBATKUVH Anexkcanap IOpeBuu
Poccus, r. banammnxa

OCHOBbBI IUHAMMWKU KAK COBPEMEHHAS ITPOBJIEMA
KJIACCUYECKOHN ®U3UKU

AHHOmauus. Paccmampusaemcsi 60npoc 0 Heobxodumocmu pepopmuposaHus (yHOaMeHmManbHbix 0CHO8
KJIACCUYEeCKOll (U3UKU 8 UaACmu NepeocMblC/IeHUS NOHAMUL OUHAMUKU «KOJUHECMB0 O8UNCEHUS», «CULA», <MeXd-

HUYECKULl UMNYNIbC», «paboma», «IHepeust», <MOUjHOCMb».

Kntouesnle cnosea: macca, Koauuecmeo 63quceHw1, cuna, MmexaHuueckuti umnyiiec, pa6oma, JHepeaus, mouwi-

HOCmMb.

HOHHTI/Ie «KOJIMYECTBO ABVSKEHUS» CPOPMUPO-
BaJIOCh B HeJIpax TeOpUM MMIIeTyca, KOTopast
OTMChIBA/IA IBMsKEHME Tesl TsKeses BO3[yXa WiIn
BOJIbI, KaK CTpeMJIeH}e K TOKOI0 Ha ITOBEPXHOCTHU
3emiy, B KOTOPOJ CKOHLIEHTPUPOBAH LIEHTP MMU-
po3gaHus. B HayKe aHTMYHOCTU JBVMKEHME TeJia K
MeCTy €ero IIOKOSI Ha3blBAJIOCh «eCTECTBEHHBIM
IBMKeHueM». B TMpPOTUMBHOM ciiyuae [BUKeHUE
Ha3bIBAJIOCh «HACUJIbCTBEHHBIM». APUCTOTEND T10-
Jlarajl, 4TO «HACUJIbCTBEHHOE [ABVXKeHMe» BO3-
MO>XXHO TOJIbKO B TOM CJIyyae, ecJii K Teay Ipuio-
’KeHa CuJia CO CTOPOHBI IPYTOTOo TeJa:

«Bce dsucyuieecs He06x00uMo npusooums 6 08u-
JHeeHue uem-HUbyon. Ecnu oHO 8 camom cebe He
umeem Hauana O8UMeHUs, MO SCHO, YMO OHO NPUBO-
dumcs 8 dsuxceHue dpyzum (mozda dsuxcywum 6y-
dem uHoe)» [1, 1.3, c. 205].

CKOpOCTBb ABVKYIIETOCS Tejla ApUCTOTeNb CUn-
Taj MPOIOPIMOHAIbHON MPUIOKEHHO cuiie. Ta-
KM 00pa3oM, ApUCTOTeNb TIOHMMAaJ ABVDKEHUeE,
KaK CjaeACTBME OENCTBUSI HEKOIM BHEIIHEeN CUJIbI,
MpM 3TOM paccMaTpuBag CKOPOCThb 3TOTO JIBUKe-
HUSI TPOTIOPIMOHAIBHO BeIMUMHE ITOI CUJIBL.

WTak, OHSTHE CUJIbI, Kak (pu3Mueckoit peasib-
HOCTY BBeIEHO B 000pPOT ApPUCTOTENEeM, OH Ke
CBSI3bIBAET NBe (M3UUeCKMe BEeJIUUUHBI CUTY U
CKOPOCTb MPSIMONM TPOIOPILMOHATBbHOCTHI0. Dak-
TUYECKHU, ITO CTAI0 OCHOBOJ IJ1S TOHUMAaHMUS «KO-
JiMyecTBa ABVOKeHUS». TyT BaXHO OTMETUTD, UTO
PUPOAOT IBWKEHUSI APUCTOTEb pacCMaTpUBAET
MMEHHO CUJ1Y, @ He UMITYJIbC /1/.

PasHuuia MexXmgy 3TUM OBYMS TOHSITUSIMU
NpUHUMUITMATbHAS.

Cuna, 9TO TIOCTOSTHHOE BO BpEMEHM SIBIeHMe, U
MOXXeT He U3MEeHSITbCS HeOTPaHUYeHHO [I0JIro, B
TO BpeMs KaK MMIIYJIbC, 3TO OTHOLIEeHME NeiCTBY-
IolIeli CUIIbI KO BpEMEHMU, B TeUeHe KOTOPOTo 3Ta
cuiia JelicTByeT Ha Teso. Ecau cuiia mpomopuyo-
HaJIbHa CKOPOCTH, TO UMITYJIbC MIPOTOPIMOHAIEH
YCKOpEeHMI0 (M3MeHEeHUI0 CKOPOCTY BO BpeMeHN),
P 5TOM, IIpU HAYaJbHOM CKOPOCTU PaBHOM
HyJII0, HavyajbHas Cuja OBVMKEHMSI Takke paBHa
HYJII0, 8 BOT KOHEYHasl M0 CBOeMY MOJIY/II0 paBHA
BeJIMUMHE MeXaHMUeCKOTO MMITY/IbCa, ecyiu JIBU-
>KeHJe CBSI3aHO C BHEIITHUM MMITYJIbCOM.

Tax morsia 661 pa3BMBATHCS KIaccuyeckasi Mme-
XaHMKA, ec/iu Obl He ITPOM3OIILTIO OTOKIAECTBIeHE
IBIDKEHUSI CBOOOMHOTO MamaHUs C TIOHSITUEM
CWJIBI, TIPUHYXKJAIOLIE TeJO K OBVWDKEHMIO. JTa
o1IMOKa U TpebyeT CerofHs CBOETo YCTpaHeHUS U3
K/IaCCUYEeCKOi PU3UKMU.

Npeio mMpUHYOUTENbHOTO ABUXKEHUS ApPUCTO-
Tens pa3BuI Teosior MoaHH ®unornoH (AnekcaH-
Ipuiickuii, oK. 490-570), KOTOPbIi BBEJ ITOHITHE
«3amevaTieHHas cuia». [Io BIOXKeHHOMY B Heé
CMBICTY, OHa IlepelaeT >HEPruMi0 BHEUIHEero
TOJTUKA Tely, ¥ COXpaHsSIeTCsl B HEM, pacXoaysiCh 110
Mepe aBykeHMs. OH ke BIlepBbie BBOAUT MOHATUS
«IMHAMMKaA», KaK KMHeTuYecKast (OBuratesibHas)
CIIOCOOHOCTb, M «JHEpPrus», KaK KUHeTHYecKas
(mBUraTeNbHas) CUIa, TeM CaMbIM pas[essis CIIO-
COOGHOCTD K IBVKEHMIO M COOCTBEHHO ABIKEHME.
be3 BcsSKOro COMHEHMS, 3TO BBIAAIOMIASCS [O-
rajika, KOTopasi ocTajach 6e3 BHMMAHMUS ILIESIbI
nocjenyoumux Hatypduiocodos, mpolleammux
MMMO, He yIeUB el JOKHOTO BHUMAaHMUSI.
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CBOé€ manbHelilliee pa3BUTHE TeOPUST UMIIETYCa
Hanmula B paboTax IapMKCKOTO HOMMHAIUCTA
JKana bypmmana (1300 — 1358) B «Bompocax K (u-
3UKe ApPUCTOTesI», HalMCaHHOM 1ociie 1328 1., u
B «Bormpocax K courHeHunio Apuctoress «O Hebe»,
HaMMCaHHO 0KoJio 1340 1.

«MimmieTycom» BypuaaH Ha3bIBaeT HEKYIO CUITY,
KOTOpast MCXOAUT OT ABVIKYIIErocsl Teja U 3arie-
YaTJieBaeTCs B ABVKMMOM Tejie (cM. MoaHnH ®uiio-
MoH). BesinunHa uMineTyca onpeesseTcs: Kak CKo-
POCTBIO, COOOIIEHHO IBMKMMOMY Ty, TaK U €T
«KOJIMYEeCTBOM MaTepum». «KonnuecTBo MaTepum»
SIBJISIETCSI «MepOoil UuMIieTyca» B Tejie. B aTom co-
CTOUT MPUYMHA TOTO, UTO «MpyoHee 0CMAHOB8UMb
Oonbuoe 6bicmpo dsuxcyujeecs Kojeco macmepd,
uem ManeHvkoe (8paujarujeecsi ¢ moti e cKopo-
CMuio)».

BbypupaH yTBepxkaan, uTo «MMIIEeTyC» MPOA0JI-
sKaJicst ObI 10 GECKOHEYHOCTH, e/ ObI He YMEHb-
IaJicsl ¥ He pa3pyliaacs OT MPOTUBOIOI0KHOCTH,
OKa3bIBalolllelt COPOTUBIIEHME, WM ellle OT Uuero-
J160, CKIOHSIIONIETO K MPOTUBOIIOJIOKHOMY JIBU-
SKeHUIO. «/[suxcyuiee, npueoos 8 0uieHUe O8UNCL-
Moe, 3aneuamJiesaem HeKuii umnemyc, m.e. HeKOMo-
pYio cuty, cnocobHyt 08uzams 3mo meso 6 my cmo-
POHY, 8 kKomopyw Jeuxcyujee e2o 08U2al0: 88epx,
6HU3 8 CMOPOHY WU NO Kpyey» [2, c. 131].

Takum 06pa3omM, OH TOBOPUT 00 «MMITETYCe» U
KaK O «JIBVDKYIIEH CUje», M KaK O IpUYMHe Ipo-
IoJikeHUs ABWKeHUs. BypupaH cumTtan «umie-
TYC» IIOCTOSTHHBIM KaueCTBOM JIBVOKYIIErocs Tesa.
OH 3ameyaT/ieH B 9TOM TeJie TaKMM 00pa3oM, Kak
MarHuTHbIE CBOJCTBA 3arevyaTiieHsl B kenese. Kak
[IOCTOSIHHOE KauecTBO, «MMIIeTyC» pacTpauymBa-
eTcsT He caM 1o cebe, a TOITbKO BCJIeZICTBME COIPO-
TUBJIEHUST CPefbl, WIU «IIPOTUBOMOJIOKHOTO CO-
MMPOTUBJIEHUSI» TeJIa, UTO B MOCAeCTBUM /IO OC-
HoBaHMe HpIOTOHY chopMyaupoBaTh cBoii Ilep-
BbII 3aKOH MEXaHUKM.

Ijist Hac BaXkHO, uTO BypuaaH yBsI3bIBaeT «UM-
MeTyC» He TOJIbKO CO CKOPOCTbIO, HO U C «KOJIMYe-
CTBOM MaTepum», KOTopoe, Bciaeln 3a HbloTOHOM,
CerofHs Mbl MPUBBIK/IM MMEHOBATb Kak «Maccax.
Ho, kpome 3TOro, 0co6y10 BajKHOCTb ITPMOOPETAET
€ro CpaBHEHME «MMIIeTyca» C MarHMUTHOI CUJION,
KOoTopasi, 10 MNpPUpO/ie CBOETr0 B3aMMOJelCTBUS
TOXIEeCTBeHHa IpaBUTalMoOHHONM cuie. [1o Bypu-
IaHy «MMIIETYC» 3TO He TOJIbKO IePBUYHBINA TOJI-
YOK K ABMKEHUIO (MTPUOOPeTEHHBIN UMITY/IbC), HO
¥ CBOJCTBO MPOJIO/DKUTETLHOTO IBUKEHMS (MHEep-
).

Cepbe3HbIM He[OCTaTKOM BO33peHMit bypu-
JlaHa, ObUIO MCIIOJMb30BaHME TEPMMUHA «UMIIETYC»
(MMTy7IbC) B CMBIC/IE CUJIBI, UTO U OIpPeAeIniIo

HeBepHOe HampaBjeHMe (GOpMUPYIOIIeNcs B TO
BpeMsI KIaCCUUEeCKO MEXaHUKMA.

B manpHelilemM TeOpuio UMIIETyCa Pa3BUII yue-
HuK JKana Bypmpgana Hukonait Opem (ok. 1325 —
1382), koTopslit ykpernma omubky bypumana: «s
ymeepxcdaro, umo 3mo (Umnemyc) 8 umoze s1871emcs
NpuuuHoOl yckopeHust msixenozo mena. Tom gakm,
Umo yYCKopeHue msienozo meaa npoucxooum e
Hauane, npueodum K momy, umo meso npuobpe-
maem nodo6HbLil uMnemyc. dmom umnemyc u nomo-
2aem meJsty ocyujecmesisime osuxiceHue» [4].

B mocnenyioniem nMeHHO 3TO MPeATIOa0XKeHNe,
4TO MMITYJIbC, SIBJISIETCS] UCKITIOUUTETbHONM OBUKY-
1eil CUIoi B ABVOKeHUM, U MpuBeao HbplOTOHA K
dbopmynmpoBke ero Broporo 3akoHa MexXaHUKMA.

Ho, mo sroro «3ameuatyieHHasi cwia» MoaHHa
®duiornoHa 6bl1a 3aMeHeHa Pene [lekapToM Ha I10-
HSITUE «KOJIMYeCTBO JBIDKeHUs», 6e3 ero MaTeMa-
TUdeckoi cdopmanusaiuu. ITy GopMaan3aInio
npoBén yxe Mcaak HpioToH (1642 — 1727).

HpioToH BriepBbie (hOpMaN3yeT MOHSITHUE KO-
JINYECTBO JIBVUKEHUSI»:

«Konuuecmeo dsuxceHuss ecmv mepa maxkoeoezo,
ycmanaenueaemas NPonopyUoOHAIbHO CKOpocmu u
Mmacce» [5, c. 24].

N xoTsg HplOTOH He MpOMMUCad, 4TO «KOJIMYe-
CTBO [OBVDKEHUS» COOTBETCTBYET MPOU3BELEHUIO
Macchl Tejla Ha ero CKOpPOCTb, M3 OOLIMX ero pac-
CyKIeHMit Ha 3Ty TeMy 3TOT (haKT CTAaHOBUTCS
OYEBUIHBIM, [TOITOMY B HbIOTOHOBCKOI (hopmy-
JIUPOBKE «KOJIMYECTBO [BMKeHUs» GopMannsy-
eTCs B BBIDQKEHUM:

p=m*u (1

Hanee HpI0TOH MUIIET:

«Taxkum 06paszom, yckopumebHas cuia maxk om-
Hocumcs K deuxcywjeti, Kak ckopocms K KOUuecmay
osuMCeHUs.

B camom Odene, konuuecmao dsuxceHus Nponop-
YUOHANLHO CKOPOCMU U Mdacce, d8uxcyujas xce cuna
NponopyuoHansHa yckopumensHolli u macce, u6o
cymma deticmsuti yckopumesvHotli cunst /2/ Ha om-
JeJibHble Uacmuybl meaa u cocmassisiem 08uMIcyulyio
cuny ezo» [5, c. 29].

B stom maccaxkxe HbIOTOH, MPOU3BOIUT HeESIB-
HYIO [IOIMEHY «KOJIMYECTBA IBMKEHMSI» (m*u) Ha
JIBIVDKYIIYIO CWIYy MPONOPLMOHAIBHYIO YCKOPU-
TeJIbHOW cuie u macce Tena. [IoCKOAbKY B 3TOM
bopmynMpoBKe BMECTO KMHETUUYECKOTO OIpe[e-
JIeHUSI YCKOPEeHMsI, OH BOCIIOJIb30BaJICSI OVMHAMMU-
YeCcKUM OIpefieJIeHNeM CUJTbI, TO OHa Mpuobpesna
JIBYCMBICJEHHOCTb. B 3TOM wiydyae ABMKyLIast
Ccuia COOTBETCTBYET MPOU3BENEHUI0 YCKOPUTEb-
HOJ CUJIbI Ha Maccy Tesa. Ho MocKo/bKy cuiia cama
1o cebe TO/KHA MMETh B CBOEM COCTaBe Maccy, TO
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MOJTyYaeTCsl, YTO peub UIET O Cujie TPaBUTAI[MOH-
HOTO B3aMMOJENCTBUS, TOe Mbl BUAUM MPOU3BeE-
JleHMe Macc TpaBUTALMOHHOTIO LIeHTPa U ero CTel-
JUTA.

Takum o6pa3oM, Iof, ABMKYIIei cumoil Heio-
TOH TIOHMMAaeT CUJTy TPaBUTAIMOHHOTO B3aMMO-
IeNCTBUS, a TOJ, YCKOPEHHO! CUJI0N yCKOpeHue
CBOOOIHOTO MaJIeHMsI, TO3TOMY OH U (opman3so-
BaJl cBO¥ BTOpOIt 3akK0H B TOM BUe, Kak OH Cero-
IHs1 popmynupyeTcst B Kiaccuueckoir husuke. Ho
Yy Hero peub Ijia UCKIIUYMUTETbHO O rPaBUTALIMOH-
HOM B3auMO/Ie/ICTBUM, a MOC/IeAylollye TOJIKOBA-
TeJy TepeToJMaumM/Iv ero BbIBOJ, B BbIpaxkeHUe,
KoTopoe caM HbIOTOH He MCIIO0Ib30Bal:

F=m®*a 2)

[MogMeHa CUIBI UMITYJILCOM, KOTOPYIO ITpeJio-
skust BypupmaH, 1 KoTopyto npuHsi Hpl0TOH, TOBO-
pUT 0 TOM, UTO HbIOTOH 6bUI €I TOJBKO Ha I0-
pore MOHMMAaHUS CYTHU KIaCCUYECKO hU3UKMU, HO
He yCIIeJi eTo MepeiiTu, 1 caMoe revyaabHoe TO, UYTO
HUKTO 60Jiee He PEINCh ero IepecTynuTb. Tak
omubKa B ITOAMEHE CUJIbI HA MMITYJIbC M COXPaHM-
J1aCh A0 cero aHs. IIpoosKaTh KUTh C 3TOM O1no6-
KOV, VT BCe 3Ke HabpaThCs TyXy IIPOBECTY HEOO-
Xoaumylo pedopMy Kiaccuyeckoit Gu3uKM, 3TO
y3Ke Ies10 OYIyIIyuX MOKOJeHUIA.

S He 6yny NIPUBOAUTH KPUTUKY COBPEMEHHOTO
KOHIIEITa OCHOB K/IaCCUUeCKOii (PU3VKM, OCHOBBI-
BasiCh Ha TOM, UTO JII000I I'PaMOTHBIN YeJIOBEK
caM B COCTOSIHUM CHeIaTh MPaBUIbHBIN 151 cebst
BBIBOJI O TOM, KaKOIO MO3ULIMIO 3aHSTh B OTHOIIIE-
HUM TIPOBOAMMON pedhopMbl HEOKIACCUYECKOI
(OU3MKM OTKPBIBAIOIIENCST JaHHOJ CTAThEN.

OCHOBBI HEOKJTACCUYECKOM ®U3UKU

[MoHATHUST «KOIUMYECTBO ABUKEHUSI» U «CUIa»
TOXIECTBeHHbI, U (OpManIn3yloTcs Ipou3Bese-
HMEeM KOJMUeCcTBa MaTepuu (MacChbl) m MeXaHu4de-
CKOJ CHUCTeMbI Ha €€ CKOPOCTb U B MPOCTPAHCTBeE,
KOTOpoe 0603HaYaeTCst TATUHCKOI OYKBOI «F»:

F=m™*u 3)

B kauvecTBe eqUMHUIIBI U3MEPEHUST CUJIbI TIPEJ, -
naraetcs Kapres (Kr*m/c), OT JIaTMHCKOTO Bapu-
anta pammanu JlekapTa, Kak JaHb YBasKeHWS BBe-
JEeHUIO B HAYYHBIN i 060POT IOHSITUSI «KOJIMUECTBO
IBUKEHUS».

ITo cBoeit pusMueckoit cyTH, cuia MpeacTaB-
JIIeT 00010 IMHAMUYECKYIO XapaKTePUCTUKY TBMU-
SKEHUSI MEXaHMYEeCKOi CHUCTeMbl 006jagaroneit
onpenenéHHOoM MPOCTPAHCTBEHHOM CKOPOCTBIO U
maccoit. [Ipy 3TOM CKOPOCTb MOKET GbITh ITOCTO-
SIHHOI, cpeaHel MM MTHOBEHHOI, B 3aBUCUMO-
CTU OT pellieHNsI KOHKPeTHO 3a1aun.

B ciiyyae mocTOSIHHOM CKOpocTu (U = const)
cuiia sABJISIETCSl TIOCTOSTHHOJ BO BCeM MHTepBasie

MUccaenyeMoro MHTepBaja BpeMEeHM [BVDKEHUS
00beKTa;

B ciayJyae cpenHeit CKOpOCTU
(Uep = Y2(Umin + Umax)), CUJIA OTIpefeNsieT CPegHIO
IMHAMUKY 00bEKTa IIPU €ro repeMeHHbIX CKOPO-
CTSIX BO BpeMsI MCCIeLyeMOro MHTepBajia Bpe-
MeHU;

B ciryyae MrHOBeHHOM CKOpoCTH (Ur = Up + at.),
cuIa XapakTepusyeT MTUHAMUKY OOBbEKTa B KOH-
KpeTHbI/i MOMeHT BpeMeHu npu du — 0, npu au-
HEJHO MepeMeHHO CKOPOCTH.

OTHOLIeHME CUJIBI KO BpeMeHU UCCIelyeMOro
MHTEpBaJla BpeMeHU eCTb MeXaHUUYeCKUili UM-
ITyJIbC, 0603HAYAEMBbIiT JIATMHCKOI OYKBOI «Y»:

Y=F/At 4)
Y=m*®*a (5)
rae, a = Au/ At — yckopenue (m/c?)

MpuAt=1Y =|F|

B kauecTBe emyHMIIBI M3MepeHUSI MeXaHMUe-
CKOTO MMITyJbca Ipearaercst HploToH (Kr*m/c?),
KaK eIVMHUIIA, YKe 3aKperiéHHas B KJIaCCUUEeCKOM
MexaHUKe.

ITo cBoeit Gm3MUeCcKoOit CYyTU MeXaHUUEeCKUii
MMIIYJIbC IIPEACTaB/sieT CO00Vi AMHAMUKY OOB-
eKTa, IepeMelIaollerocs B MPOCTPAHCTBE C YCKO-
peHueM a, Wi MFTHOBEHHYIO CWIY B €IMHUILY Bpe-
meHu. [Ipu 3TOM cuiia M yCKOpeHMe OBVKEHUS MO-
TYT GBITH MTOCTOSTHHBIMM Ha MPOTSIKEHMSI BCETO UC-
cleqyeMoro MHTepBaia BpeMeHU, WX CpegHUMU
B uHtepBanax (Fi,Fz), (a1,as), 1160 MTHOBEHHBIMU
B JII000Ji MOMEHT BpeMeHM UCCIIeTyeMOTO COCTOSI-
HMSI MEXaHUYeCKOM CUCTeMbI U3 IIPeIIONIOKeHUS
UX TIepeMEeHHOCTU B APYTrMX TOYKaX MPOCTpaH-
CTBa.

[IponsBegeHue CUJIbl HA TPOMIEHHbIN MEeXaHU -
YeCKOi CUCTeMO¥ IMyTh eCcTh paboTa, 0603HaUae-
Masl IATMHO-KUPWITNIECKOM OYKBO «A»:

A=F*L (6)
A=m*u*L (7
A=Y*L*At 8)
A=K*At )

rae, L — myThb npoiieHHbI MeXaHUYeCKOM CUCTe-
MOIJ1 3a MHTepBaj BpeMeHU At (M);

K - xuHeprusi (MrHOBeHHasi KMHeTUUYeCKast
SHepPrus) MexaHMUeCKO CUCTEMBI B eIMHULLY Bpe-
meHMu (II>K) BO BCEM UCC/IeAyeMOM MHTepBaje Bpe-
MeHU.

B cnyuae, ecin MmexaHuUuyecKasl CMCTeMa B pas-
Hble MOMEHTHI BpEMEHU ITyTH 00J/1afjaeT pasHbIM
3HAUYeHMEM KUHEPTruy, TO paboTa BBIUMUCIISIETCS,
KakK CpeJHee 3HaUeHMe, 13 BbIpaKeHMUSI:

A= 1/2(K1 + Kz) * At (10)
roe, Ki — KuMHeprum mexaHUUYeCKOil CUCTeMbl B
KpaiHMX TOYKaxX paccMaTpMBaeMOro MHTepBaja
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BpeMeH!, IIPU YCJIOBUU UX TMHEHOTO M3MeHeHUs
BHYTPM 3TOTO MHTEpBaJIa.

B ciiydae, ecniu KMHeprus U3MeHsSIETCSI BHYTPU
MccaeqyeMoro MHTepBajga BpeMeHM HeJMHeHO,
TO CPeIHIO paboTy [0 MHTEPBATy BHIUMCIISIOT U3
BbIpAKEHMSI:

A = (1/n)(ZK,)At (11)
rae, XK, — cyMMa KMHepruii B uHTepBajie BpeMeH!
At/3/.

B KkauecTBe emMHMUIIBI M3MepeHUS pPabOThI
npenyaraercs Jleit6uu (Ik*c), Kak JaHb yBaXke-
HUU [1€PBOJi MOMNBITKE HAYYHOTO OMMUCAHMUS TTOHS -
TUS «3HEPTrUs» B TePMIUHE «KMUBAs CUIa».

Mo cBoeit hu3MUecKoii CyTH paboTa ecTb COBO-
KyIlHasi HepreTuMueckas AMHAMMKA MeXaHUYe-
CKO} CUCTeMbl B MHTepBajie IIPOIAEHHOro el
MyTU 3a BpeMs At, KOTopasi U3mepsieTcs Ipou3Be-
IleHreM KMHepruu Ha MPOJO/KUTETbHOCTD MPO-
1ecca M3MeHEeHUSI IHEepPreTMYecKoro COCTOSTHUS
MeXaHMUeCKO CUCTeMbI.

KI/IHEI)I‘I/[H, 9TO BCerga MroHoBeHHasi KMHeTu4e-
CKas 2Heprusi MexaHU4yecKoi CUCTeMbl, KOTopasi
COOTBETCTBYET COBpEMEHHOMY TTOHSITUIO MOIITHO-
CTU TIpoliecca u3MeHeHMs e€ SHepPTreTUYecKoro co-
CTOSIHMSI, BBIUMCIISIeMast 13 BbIpaKeHUi1:

K=A/At (12)
K=m*u*L/At (13)
K=m®*a*L (14)
K=m * u? (15)
K=F*u (16)
K=Y *L/4/ 17

B ciyuae /nMHeENHO MepeMeHHOJM CKOPOCTU B
MccaeayeMoM MHTepBajie BpeMeH), KUHePT S Bbl-
YMCsieTCsl Kak CpefHsIs BeJMUuuHa 3TOTO MHTep-
BaJia U3 BbIpaKeHUSI:

K=m * Ya(u,® + u?) (18)

IMMprnu; =0

K = Yamuma? /5/ (19)

B Haubosee ob1eM BUe, IIPU BCEX MCXOTHBIX
repeMeHHbIX, KUHEPTUS OIpeneiseTcs U3 BbIpa-
SKeHUS:

K = fff ML/ y(dm,du,dL,dt) (20)

IMPUTOXKEHIWS HEOKJIACCUYECKOI
OU3NKU

1. T'paBuTaLiMOHHOE B3aMMOAEICTBIE.

I'paBuTaLIMOHHOE B3aMOLENCTBME B COOTBET-
CTBMM C M3BECTHBIM 3aKOHOM HbIOTOHA oTpepe-
JIIeT rpaBUTAIIMOHHbBIN UMITYJIbC:

Yy =ymM /R? (21
Yy,=m*g (22)

rae, y — rpaBUTAI[MOHHAS [IOCTOSTHHAST;
M - Macca TpaBUTAIMOHHOTO II€HTpa CU-

CTEMBI;

m — Macca rpaBUTAllMOHHOTO caTe//IUTa CU-
CTEeMbI;

R - paccrosiHMe MexXIy LIEHTPOM caTeJuIuTa U
IrpaBUTAIIMOHHBIM LIEHTPOM CUCTEMBI;

g = YM/R? — yckopeHMe CBOGOIHOTO MafeHus
caTeJuITa B HaMNpaBJeHUM TpPaBUTALVIOHHOTO
LIeHTpa.

Cwia TpaBUTALMOHHOTO  B3aMMOIENCTBUS
oIpejiesieTcs U3 BhIpaskKeHUS:

Fy=Y,* At (23)

Fy=Yy* /ZR/g =Yy* ’ZRAS/YM (24)

rge, At — BpeMsl paAuaabHOTO ABVDKEHUS caTell-
JIUTa B HaIpaBjeHUM IPaBUTALMOHHOIO IeHTpa
CUCTEMBI /6/.

2. BpaiiatenbHoe ABUKEeHME.

LIeHTpOGEXKHBII MMITYJIbC OIpeIesseTcss U3
BbIpAKEHMSI:

Yis=m*w?*R (25)
rae, w = Uy/R — yriaoBasi CKOpocThb caTeyinTa Ha
op6ure (1/c);

s = U2 /7/;

U — TaHTeHIMa/IbHas JIMHEeTHas! CKOPOCTh Ca-
TeJUTMTa Ha OpbuTe (M/C).

w =u~/2/R

TaHreHUMaIbHBIA MMIYJIbC OMpenesseTcs U3
BbIpasKeHUS:

Y. = %4Y,5 = Vo(m*w?*R) (26)

LienTpobeskHast cuia AJisl TOYKM BBIXOZAA C Op-
OWUTBI BBIYMCIISIETCS U3 BBIPAKEHMS |

Fous = Yus * At = For/2 (27
rne At=1c

PaBHOBecue caTe/siuTa Ha TPaBUTALMOHHONM
opbuTe obecrieunBaeTcs 6amaHcoM Yye = Yy.

IIpu Y6 > Yy, caTennuT yaanseTcs OT rpaBUTa-
LIIMOHHOTO 1eHTpa, Ipu Yyus < Yy, caTeIUT TIpU-
61MKaeTCs K TPaBUTAIMOHHOMY LIEHTPY.

Ecmm Teno mokupaet opbouTy BpaliaTelbHOTO
IBVKEHMS, B Ciydyae pa3pbiBa KMHEMAaTUUueCKO
CBSI3M CaTe/ZINTA C IIEHTPOM ero BpalieHus, u
HaXOJUTCS MPU 3TOM TOJIBKO T107, BO3JeiCTBMEM
LIEHTPOOESKHOTO MMITYJIbCA, TO YTOJI €r0 BhIXO/a C
OpOUTHI, 38 CYET OJHOBPEMEHHOTO BO3ENCTBUS
IIEHTPOOEKHOTO ¥ TAHTeHIMATbHOTO MMITY/IbCOB,
cocrapyisieT arctg V2 = 54,7356° (54° 44’ 8,2") or-
HOCUTEJIbHO KacaTeJIbHO K ero op6ure. ITpu sToM
JIMHelHask CKOPOCTb YXOASIIEro Moj, 3TUM YIJIOM C
OpOUTHI Te/la PaBHA U3, a IMHAMMKA ero JABVIKe-
HMS OTIpefesisieTCsl paBHONEVICTBYIOIIEN ABYX CUIT:
TaHT€HIMAJIbHO, HAIIPaBJIEHHOI 110 KacaTeIbHO
K op6uTe BpallleHUs, M [eHTPOOEKHOI, HaIIpaB-
JIEHHOJ1 TI0 pafiuyCy OpOUTHI B POTMBOIIOIOKHOM
OT IIeHTpa BpallleHMsI HalpaBJeHUN:

o= (Fug? + F2)2 = Fo/3 = Fug f (28)
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Cuna BpalaTe/bHOTO IBVDKEHUS «ITUPKYIIMOH»
(circuitio) MMeeT MakcMMaJibHOe 3HaueHMue BO
BpeMsI CX0Jia caTe/UTUTa ¢ OpouThl. B manbpHeitem
e€ 3HaueHue YMEHbBIAeTCsI B COOTBETCTBUU C
yMeHbIIIEHVEM CKOPOCTM IBUXEHUSI MexaHuue-
CKOW CUCTEMBI:

U =up — Y2at (29)
rze, Up — HauajabHasi CKOPOCTh MeXaHNUYeCKOi Cu-
CTeMbI, B MOMEHT €€ BbIX0/la C OPOUTHI;

a — pe3yJbTUPYIOllee YCKOpeHMe TOPMOKeHUST
OT COINPOTUBIIEHUSI Cpelbl M TPaBUTALMOHHOTO
BO3Ze/CTBMSI HA MeXaHNYeCKYIO CUCTEMY.

[MogBonsSt UTOT TTPOBEAEHHOMY MCCIeN0BaHNIO,
HeOoOXOIMMO OTMETUTD, UYTO caMasi 60JIbIlast IIPo-
6/1eMa HeOK/TaCCUYeCKOii PU3UKYU — ITO HAYUUThCS
OT/INYAThb PeabHbIl (PaKT OT €ro BUPTYaJIbHOIA
danTasum «ans ¢axT».

Ecau Mbl TOBOpUM «MMIY/IBC», TO 3TO KPATKO-
BpeMeHHOe JeiiCTBMe, KOTOpOe OIMChIBAETCS
ycKopeHueM. Eciii Mbl TOBOpUM «CHUJIa», TO 3TO
MPOTSIKEHHOE BO BpeMeHU JeiiCTBMe, U TOJIKHO
OIMCBIBATHCS TIOHSITYEM CKOPOCTb.

Korma MbI cerogHs TOBOPUM <«II€HTPOOEsKHAs
Cuia», Ha CaMOM Jiejie peub UAET O «LeHTPOOeXK-
HOM MMITYJIbCE», TAK KaK COGCTBEHHO Pe3yIbTUPY-
fonjas  (IeHTpobekHas+TaHreHIMalbHAsI) CuUJia
TOSIBUTHCS JIMIIIb TTOC/Ie TOTO, KOTAa TeJIO TIOKMHEeT
CBOIO OpOUTY.

To, yTo HbI0OTOH MOHMMAaJI MOJ «L€HTPOCTpe-
MUTEJIbHOM CUIOi» (aKTUUECKU SIBJSIETCSI «T'pa-
BUTALIMOHHBIM MMIIYJIbCOM», KOTOPBI K Bpalia-
TeJIbHOMY BVWDKEHUIO He MMeeT HMKAKOTO OTHO-
IIeHusl, OH BCEero JIMIIb BOJIEI0 C/yuasi okKasascs
BOBJIEYEHHBIM B Hero. LleHTpoCTpeMUTeNIbHOM
CUJIBI B TIPUPOJIe He CYIeCTBYeT, Takke, Kak U
LIEHTPOCTPEMUTETBHOTO YCKOPEeHUS. DTO Cepbes3-
Hasg omm6ka HbIOTOHA, KOTOPYIO Takke Heo6Xo-
IVIMO yOAJIATh U3 HEOK/IacCUUecKoi MU3UKH, 3a-
MEHMB TIOHSITME <«ILEHTPOCTPEeMUTEIbHAS CHUIa»
TIOHSITUEM «KMHeMaTuuyecKasi CBSI3b».

U tax ganee u ToMy MoJ006HOe.

Tonbko, KOrjia CO3HaHMe CMOXKET BbIPBAThCS U3
3TOT0 KOPOJIEBCTBA «KKPUBBIX 3€pKaj», OHO CMOXKET
YBUIETb TOT PEATbHbIN MUP, B KOTOPOM OOUTAET.
K coxkaneHuto, moka, HeCMOTPS Ha BCe MOCTUXKe-
HMSI HAYYHO-TEXHUUYECKOro IMporpecca, Haiie Co-
3HaHUe CYyILeCTBYeT B UppeaTbHOM MUPE BUPTY-
QTbHBIX WUTIO3UIA, M UX HAYYHOe OOBSICHEHME
MaJIO YeM OTJIMUYAETCS OT XpyCTaabHbIX cdep [ITo-
Jiemesl, Ha KOTOpbIX o KormepHuka Bce BUemu pe-
ajJbHOe [ABIDKeHMe 3Be3ll M IjlaHeT Ha HalleMm
HeboCBOgE.

IIpumeuanmns

/1/ To, UTO M3MeHeHMe CKOPOCTM ObIIO 3Ha-
KOMO ApPUCTOTeNI0, CjiefyeT U3 ero BbICKa3biBa-
Hust: «Kpome mozo, dsuxceHue He YCKOPSLNoCh Obl N0
KOHel, eciu 6vl OHU d8uzanucs nod deticmauem Cubl
u 8vl0asnusaHusl, maxk Kaxk ece [menaj no mepe yoa-
JIeHUs1 0 mM020, Umo coooWUN0 [UM] HacUIbCMBeH-
HbLli moauoK, dsuxcymcs medneHHee u omkyda 0eu-
HCYMCS HACUTLCMBEHHO, MYOJd — He HACUTIbCMBEHHO»
[1, T. 3, c. 289].

/2/ VIcTionb3ysi TEPMUH «yCKOPUTEIbHAS CUIa»
B OTHOILIEHUM «yCKOpeHUs», HbIOTOH, maeT Ham
OCHOBaHMe yTBepXAaTb, YTO OH ellle He OCBOWII
IpaHUIIbI MEXIY KUHEMATUKOM U JUHAMMKOI, UTO
B TOCJEeACTBMM TakXkKe CTajJ0 OCHOBaHMEM [JIsi
MOAMEHBI M CUJTbI UMITYJIbCOM.

/3/ B 6oJiee CJIOKHBIX CAyJasx, KOrga M3MeHe-
HMe KMHEepPruu B TeyeHMe UCCIeAyeMOro MHTep-
Bajia BpeMeHM MPOUCXOAUT XAaOTUUHO, MUCIIOJb-
3YIOT 60J1ee CJIOKHBIV MaTeMaTUUeCKMil anmapar.

/4/ B 3TOM BBIpa>)KeHUM L COOTBETCTBYET MyTH,
MPOVAEHHOMY CUCTEMOJ IMOJ, BO3OECTBMEM UM-
nynbca Y MeXIy 9HepreTuyeCKuM coCcTOsTHUSIMU K
= 0 1 K = max, u3 npearonoxeHus, 4To-1m60 um-
MyJIbC GBLT IIPUJIOXKEH K CHCTEMEe B Havase IyTH,
b0 oHa mpuobpesa CUIY, IO MOAYIIO PaBHYIO
MMITYJIbCY, OT €ro BO3JeiCTBUSI B KOHIIE 3TOTO
My TH.

/5/ OTO BbIpakeHMe COOTBETCTBYET MPUHITOMY
CerofHsl 3HAUEHUIO KUHETUYECKOV 3SHEpruu B
KJIaCCUYECKOi hu3MKe, KOTAa KMHEPTUS BBIYMUCIS -
eTcs Kak cpefHee 3HaUeHMe, U3 MPeLII0I0KeHs
paBeHCTBA HYJIIO HAYaJbHOI CKOPOCTU MeXaHU4Je-
CKOW CUCTeMbl B MCCIelyeMOM MHTepBajie Bpe-
meHu [3].

/6/ B cnydae IBUKEHMS CaTe/JINTA B IIPOTUBO-
TOJIOKHYIO CTOPOHY BBIYMCIISIETCS CUJa, KOTOPYIO
HeO0OXOIMMO PUIOKUTH K CATe/UTUTY, YTOOBI ya-
JIUTH €TO OT IPaBUTAIMOHHOTIO IIeHTpa.

/7/ DTO COOTHOIIeHME IEHTPOOEXKHON U TaH-
TeHIMAaIbHOM CKOPOCTEli MOKHO HaOMI0maTh Ha
COOTHOIIIEHMM TIepBOit M BTOPOIt KOCMMUUECKUX
ckopocreii: 7,91%vV2 = 11,19, a Taxke npu 6poca-
HUM «MOJIOTa» Ha COPeBHOBAHMSX, KOTAA «MOJIOT»
YXOAUT C OpOUTHI o7, yriaoM 54,736° K KacaTesib-
HOJ. IIpy 5TOM reomMeTpuUeCKUi1 BbIBOJ, 3TOTO CO-
OTHOLIEHMS] YOeIUTEeIbHO JOKA3bIBAET, UTO MPU
BpallaTeJIbHOM IBVDKEHUM TaHTeHIMa/lbHas cuja
dbopMuUpyeT UCKIIOUUTETBHO CWIYy IeHTPOOeK-
HYI0, M He MOXeT chopMUPOBATh 1IeHTPOCTPEMMU -
TeJIbHYIO0, [T03TOMY €€ B IIPUPO/Ie U He CYIleCTBYeT.
To, uTo HbIOTOH TpUHMMAT 3a LIEHTPOCTPEMU-
TEJIbHYIO CIITy, (DaKTUYECKU SIBJISIETCSI KMHEMATH -
YyecKkoil CBSI3bI0 caTe/uIMTa C IeHTPOM €ero
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BpaleHus. [Ipu paspylieHun 3TOWM CBS3U caTel-
JIUT BCera HaxOAUTCS TOJ BO3e/ICTBMEM TOIbKO
pe3ylIbTUPYIOIEN CUIbl BPAlllaTeJIbHOrO ABVIKE-
HUS «IIUPKYLIMOHAa», U TIOKUOAET TPaeKTOPUIO Bpa-
IIATeIbHOTO IBVOKEHMUSI.
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FUNDAMENTALS OF DYNAMICS
AS A MODERN PROBLEM OF CLASSICAL PHYSICS

Abstract. The question of the need to reform the fundamental foundations of classical physics in terms of re-
thinking the concepts of dynamics "quantity of motion", "force", "mechanical impulse", "work’, "energy", "power" is

considered.
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IMOATOHKMU I1O/I PE3VJIbTAT B KBAHTOBOI MEXAHUKE U ®U3UKE.
YACTb 1

AHHoOmauus. B amoii cmamee noKazaxo, Kakue no02oHKU nod pe3yabmam ucnonb3yomcs 8 KeaHMmMosoli mexa-
HUKe u (usuke npu onucasuu gusuueckux npoyeccos. IIpusedeHa u 8si8edeHad 102UKA peuleHus Imux napadoxcos
HA 0CHO8e YCO8ePUIEHCINB08AHHbIX YpasHeHuUli Maxceesna. OmpaxceHo, Kakue cmepeomunst Meuarm oanvHeti-

wemy paseumuio pusuxu.

Knrouesste cnosa: 3axkoH CHeanuyca, CTO u OTO Oiinwmetina, yayuuieHHble ypasHeHust Makceenna, npuHyun
T'otizeHca-Dpenens, ypasHenue I'envmzonvya, cucmema ypasueruii upaxka, meopust 8000p00onodo6H020 amomd,

ypasnenue I'amunsmona-Ikobu, ypasuerue IlIpédunzepa.

HaqH'éM C TOT'0, YTO K ITOJATOHKE I1OJ, pe3y/IbTaT
TIpMBEJIN OUIMOKM, JOTYIIeHHbIE He TOJIbKO B
KBAHTOBOIt MexaHMKe, HO U B KJIaCCMYECKOi Mexa-
HMKe, 3JIeKTPOIMHAMMKeE, a TaKKe B MOCTPOEHUN
dbyHIamMeHTaTbHbIX 3aKOHOB B duytocobmn u mMa-
TemMaTuke 6e3 yrmopa Ha peanbHble GU3UUECKUE
3aKOHBI U 3JIeMEHTApHYIO0 JOTMKY OT MPOCTOrO K
cnoxkHomy. [Tostomy B [1-7], MbI mOKa3anu, Kak
CBSI3aHbI BOJTHOBBIE UM KOPITYCKYJISIpHbIE ypaBHe-
HUsI, C ypaBHeHusimu [Iupaka. A ganee B [8, 9] mbl
MOKa3ajau, KaKMM 00pa3oM OCYIIeCTBISINCH O -
TOHKM ITOJI pe3y/IbTaT B KJlacCuuecKot pusnke npu
ONMCAHUM OPOUTATBLHOTO ABVMKEHMS, U KaKyIO
poJib urpaet cuia JIopeHiia B UCKIOUEHUN Tapa-
JlOKca MajeHus 3JIeKTpoHa Ha sApo. OfHaKo, HaZ0
MOHSTDh, MIOYEMY B KJIACCUMYECKOI 3JIeKTPOAMHA-
MHMKe M MeXaHMKe, a TakKe B KBaHTOBOJ MeXxa-
HMKe ObUIO TOJIYyUYEeHO AOCTATOYHO XOPOIIIee COB-
najgeHue ¢ MPakTUKOM, YTO U TO3BOJUIO YTBEP-
KOATh O MPaBUIBHOCTU MOCTY/IaTOB BbIIBUHYTHIX
B (husuke, HapuMep, O TeJlelIOPTALIUY Yepe3 I10-
TEHUMAJIbHBI Gapbep ¥ HaIMUYMYM COOTHOUIEHUS
HeomnpeaenéHHocTel ['eiisen6epra.

YToO6bI MCKITIOUNUTH JOIMYIIEHHbIE OIIMOKY C Uy-
JecaMy, Hajo I0OKasaTb, KakK MaTeMaTU4eckue
(hopMYyJIBL, TTOTyYEHHBIE B TEOPUH, LOIKHBI 06BSIC-
HSTb MpaKkTUuyecKue pe3yabTaTbl M COOTBETCTBO-
BaTh (haKTUUECKOI (pU3UKe.

IMoaronka mop pe3yabTaT B KBAHTOBOI Mexa-
HMKe Havaiach C Toro, uto Humabsc Bop He cMor pe-
MIUTh TPO6GIEMY 3JIEKTPOIMHAMMYECKON 3amaun
MpM BpalleHU! 37eKTPOHa BOKPYT MPOTOHA, MpU
KOTOPOM 3JIEKTPOH JOJ/DKEeH ObLT M3JTyyaTh KUHe-
TUYECKYI0 SHEepTHio, HO IPU 3TOM eé€ U KaK-TO BOC-
MOJHSTh. B MPOTMBHOM cilydyae mMajeHue 3jeK-
TPOHA Ha ITPOTOH HeU36eKHO. JIpyruMu cJioBaMu,
OTCYTCTBOBaJl MeXaHM3M BOCIIOJIHEHUSI SHEPTUM.
IMosTomy Bop mocTynmi caeayrommum o6pasoM: OH
MPOCTO «3aMpPeTUI» 3JIEKTPOHY U3TydaTh Ha JUC-
KPETHBIX OpOMTax BOIPEKU KIaCCUYECKOii 3yIeK-
TpoaMHAMMKe. A masnee, yske UyTOObI COBMECTUTh
3TOT TMOCTY/AT C 3JIEKTPOAMHAMMKON MpUIyMaIn
BEPOSITHOCTHOE HaxOXJeHMe 3JeKTPOHa BOKPYT
MPOTOHA B BUAe oOpoOuTaneit, PyKOBOACTBYSCh
TIPUHIIUIIOM, UTO eC/I HeT JeTePMUHUPOBAHHOTO
M3MeHeHMSs HarpaBjieHUs 3JIEeKTPOHa I10 KPYTy, TO
HeT U u3naydeHus. [IOHSITHO, UTO MPU BepOSITHOCT-
HOM ITO/IX0/le, 3aKOHOB (DV3VKM ITPOCTO HE MOXKET
ObITh, TaK KaK 3aKOHbI OCHOBAHbI HA JE€TePMUHM-
POBaHHOM B3aMMOJIeiCTBUM C 3aKOHOM COXpaHe-
HMSI KOJIMYECTBA, a Uyjieca CIOHTAaHHOTO M3MeHe-
HUSI HEe COOTBETCTBYIOT 3aKoHaM (usuku. Ho aTo
YUEHBIX HE CMYTWIIO (M O CUX TTOP 0060 He CMY-
11aeT), ¥ OHU BbIAAM HOBBIN MOCTY/IAT, MO KOTO-
poMy sIBJIeHUS B (GU3MKe B MUKPOMMUpE HE COOT-
BETCTBYIOT SIBJIEGHUMSIM (U3MKM B MaKpoMupe, TO
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€CTh MPOCTO YU OT 3aKOHA MHAYKLIUU OT MPO-
CTOTO K CJIO(KHOMY. IME@HHO 3TO IBITAJICS 06BSIC-
HUTb JVHIITENH, KOTaa 3asiBJIsiyI, YTO «bor B KOCTU
He UI'paeT», HO ¥ OH He CMOT PelIuTh 3a1auy 06b-
eIMHeHNsI 3aKOHOB (M3UKM B TEOPUIO €IUHOTO
MoJIsl. DMHIITEVH He TOHSJI, YTO KaK TaKOBOI Tpa-
BUTALIVY 110 OTHEITbHOCTU C HATMUMEM COOCTBEH-
HBIX I'PABUTOHOB IJIs1 B3aMMOJIENCTBUS ObITh He
MOXKET, OTCIOfa ero 3abayKOeHus MpU BHIBOAE
KOCMOJIOTMYeCKOTO ypaBHeHUs1. [I/is1 pellieHusI 3a-
Iauy oObeIVHEeHUs eMy TPeboBaoCh JUIIb COB-
MeCTUTh ypaBHeHMs] MakcBesja C TPOCTpaH-
CTBEHHO-BpeMeHHbIM McKpusieHuem no CTO u
OTO, TO ecTh MOKa3aThb HaJIMuMe OOILIETO MPO-
CTPaHCTBEHHO-BPEMEHHOTO U 3J€KTPOMarHuT-
HOTO KOHTMHYYMa. VI B 3TOM cjlyyae HU B KaKUX
«TPaBUTOHAX» TMPOCTO HET HYXAbI. A IJs 3TOrO
BCEro-TO Tpe6OBaNIOCh YCOBEPIIEHCTBOBATh YPaB-
HeHMs MakcBesia (3TO 10 CyTU YpaBHEHUS 3JIeK-
TPOHHBIX M MIOOHHBIX HEMTPUMHO U aHTUHEMN-
TPUHO) C HAJIMUYMEM IPOEKLMi 371eKTPOMarHuT-
HbIX COCTaBJISIIOIIMX HA BPeMsl, UTO MbI U CIejianun
" TOKa3a/IX BO MHOXKECTBE ITyOIMKAaIIA.

[Tpu 3TOM, YTOOBI MTOHSITH CYTh HATMUUS IJIEK-
TPOMArHUTHBIX CBOJCTB, HAAO PENIUTD IMPOOIeMY
TOSIBJIEHUSI 9JIEKTPUUECKO M MarHUTHO COCTaB-
JISIONIEei y TaKUX YaCTUIL KaK 3JIEKTPOH U TO3U-
TpoH. U 3mech HEOOXOIMMO YUeCTb, UTO KOPITYCKY-
JISPHO-BOJIHOBBIMM CBOJCTBaMM 00J1amaeT 0001
00beKT Mupo3snaHusi, U 3[4eCh HET Pa3pbIBOB, TaK
Kak MHaue U HeT B3aumogeiicTBus. Cama CyTh B3a-
MMOJIEICTBUS JIIOObIX OObEKTOB (MHAUe OOBEKTHI
He 0GHapPYKNUTh) OCHOBAaHA Ha O6MeHe 3jieMeHTap-
HBIMM 00'bEKTaMU — 3TO 3JIEKTPOHHbIE I MIOOHHbBIE
HENTPUHO (AHTUHENTPUHO), TaK Kak HUYEro
npoiile B MUpo3aHuu HeT, 1 B 3TOM C/Iy4yae rpa-
BUTOHBI He HY>XHbI. TOT[la BCE MOXXHO BBIPa3UTh
yepes pacnaj M CUHTe3, C COOTBETCTBYOIIMMU 13-
MEeHEeHUSIMU.

Hauuém c Toro, uro mpeobpasoBauust Jlo-
peHlla-MIUHKOBCKOTO OTPaXKalOT M3MeHEeHUs Ta-
paMeTpOB J/IVHBI ¥ BpeMEHM Y 00beKTa B Pe3yJib-
TaTe IOBVKEHMSI (B3aMMOOOMeHa). AHAaJIOTMYHO
yCOBepIlleHCTBOBaHHbIe ypaBHeHMsT MakcBeia
(3a UCXOOHBIN A1 OanbHeNIIero aHaausa IMpu-
HsIM 3aKOH @apafes) MOKa3bIBAlOT 3aKOH U3Me-
HEHMUA JJIEKTPUMUYECKUX U MAarHUTHBIX COCTaBJIAIO-
IIMX B IPOCTPaHCTBe 1 BpeMeHu. OMHAKO AaMHA U
BpeMsI C OHO CTOPOHBI, a TAKKe JIEKTpUUecKue
U MarHUTHbIE COCTABJSIOLIME C APYTOM CTOPOHBI,
He SBJISIIOTCSI He3aBUCUMBIMU APYT OT APYyTa BeJiu-
YMHAMM, TaK KaK CYIIeCTBYeT UCKpUBJIeHME TTPO-
XOXKIIeHUSI CBeTa B MPOCTPAHCTBEHHO-BPeMeHHOM
cpelie, MHaue oymem UMETh TOJIBKO

MpSIMOJIMHEITHOE ABVDKEeHME. DTO O3HAUaeT Heob-
XOJMMOCTb B3aMMOJECTBUSI, UTO CBSI3aHO C 00-
MEeHOM MeXAYy HUMM KOMIIOHEHTaMU Tpu YCJIo-
BUM COONIONEHMSI 3aKOHA COXpaHEHMS] Kojamye-
cTBa. MlHOe maéT mo ¢GakTy uyg0 BOSHUMKHOBEHUS
M3 HYJSI U McUe3HOBEeHMEe B HOMb (KaK 3TO ceifvac
TPaKTyeTCs B OTHOIIEHUM BaKyyma (u3MKaMMu).
CrnemoBaTelbHO, MMeeM OOLIMII MPOCTpaH-
CTBEHHO-BpEeMEHHOH U 3J1eKTPOMarHUTHbIN KOH-
TUHYYM B ITIOCTOSTHHOV AMHAMMKe (T.e. HeT HU4Yero
CTPOro CTaTUYHOIO U HeusMeHHOro). [Ipu stom
MpeAcTaBeHMe IJIMHbI M BpEMEHM, a TaKKe 3JIeK-
TPUUECKON ¥ MarHUTHOM COCTAaBJISIONIEN 3aBUCUT
OT CUCTEMBbI HaGIIOIEHNSI, U UX COOTBETCTBEHHO
IIOJKHO OBITh YeThIpe — 10 YMCTY TTPOTUBOIIOJIOXK-
HBIX KOMITOHEHT. OTMeTMM, YTO CaMO Hajau4due
MIPOTUBOIIOJIOKHBIX CMCTEM HaOIIOJeHUS TPaKTH -
Yyecky MpUIyMaayu He Mbl, a DMHIITENH, MaKk KaKk
ecnu 8 CTO ckopocmb MOXCHO eue€ omHecmu K Haulet
cucmeme Hab00eHUs NPU OMHOCUMENbHOM 8bl00pe
cucmemovt omcuéma, mo 6 OTO cKOpocMb MOMCHO
OMHeCmu moJibko K NpomusonoyioHcHoll cucmeme
HabO00e s, Komopas cea3aHa ¢ Hauieil cucmemoti
yepe3 CKOpoCmb ceema, umo co6cmeeHHO daém
Haauuue abCcoatomHoll cucmemsl omcuéma 3HaueHull
cKopocmu. Bollle ckopocmu ceema HU4e20 He Moxcem
Obimb, Maxk Kaxk 3mo Ovl 03HAUAN0, UMO nepedaud
deticmeusi npoucxooum MzHOBEHHO.

OnHako y4éHble U 3[leCh YMYIPUIUCh TTPUIY-
MaTh TaXMOHbBI, KOTOpPbIEe IBUTAIOTCS CO CBEPXCBe-
TOBOJ CKOpOCTbIO [10], 1 TeM caMbIM OHM UCKIIIO-
YaloT HajM4uye abCoMI0THO CHUCTEeMBbI OTCUETA 115
OTO JitnmreitHa. KpoMe Toro, Kak 6ymeT HIDKe
MOKa3aHo, MOJITOHKY IO/, pe3yabTaT B KBAHTOBOI
MexaHMKe TaKkke CBSI3aHbl C HaJIMUMEM MPOTUBO-
TTOJIOKHOJ CUCTEMbI HaOMIoOgeHus, a MHaue 060c-
HOBAaTb ITOJMEHY OIHUX GU3NIECKUX 3HAYEHMIT Ha
I pyTVie HEBO3MOKHO.

TakuM 06pa3oM, HajauMuue OJIMHBI M BpeMeHH,
CBSI3aHHBIX KakK MPOTUBOIIOJ0XHOCTU UYepe3 CKO-
pOCTh CBeTa MO reoMeTpuyu MMHKOBCKOTO BUIa
r=ct [11], maét HainMuMe He MeHee ABYX CUCTEM
HaOMIOMEeHNsT OT ABYX IJIOOAJbHBIX ITPOTUBOIIO-
JIo>kHOCTe. OTHAKO IIOMMMO KOMIIOHEHT IJIMHBI
U BpeMeHM, CYUIeCTBYIOT eIlle 3JIeKTpuueckue u
MarHUTHble KOMIIOHeHTbl (H=cE), 6e3 Hammnums
KOTOPBIX HEBO3MOXHO OIMCaHMe HY OJHOIO 00b-
eKTa, " 110 JIOTMKE — 3TO COOTBETCTBYET pasjioxke-
HUIO IIBYX 3aMKHYTBIX APYT Ha Opyra ria06aabHbIX
MMPOTUBOIIOJIOXKHOCTEN Ha 3aBUCMMbIe U HE3aBU-
CMMble KOMITOHEHTBI 110 OTHOIIIEHUIO JIPYT K APYTY.
OTcroga Kakaoi M3 KOMIIOHEHT COOTBETCTBYET
CBOSI cUcTeMa HabJII0geHMsI, M paBHOIIpaBUe KasK-
IOV U3 4-X CUCTeM HaOIIONEHMSI OIpemesieTcs
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3aMKHYTOCTBIO IJIOOQJMbHBIX IPOTUBOIIOIOXKHO-
CTeN, 4TO TaKKe OAET U CUMMETPUIO BBITIOJTHEHMS
3aKOHOB u3uKu [1, 2]. TIpu 3TOM BMJ CAMOTO 06B-
€KTa B KaXKI0Ji U3 CUCTeM HaGII0IeHNST OIIPeIeis -
eTcsI TI0 XapaKTepy B3auMOJeiCTBUS yepe3 CJIosKe-
HMe ¥ BbIYMTaHME, UYTO COOCTBEHHO OIIpeessieT
Ha/InuMe KOPIYCKY/ISIPHOTO WJIM BOJTHOBOTO TIpef -
CTaBJIeHMS B OTpaskeHUM yepe3 3aKOHOMEPHOCTH.
CoOTBETCTBEHHO K KOPITYCKY/ISIPHOMY BUIY OTHO-
CSITCSI [THA M BpeMsl, & K BOJIHOBOMY BUJTY — JI€K-
TpUYeCKMe M MarHmuTHble KOMIIOHEHTLbI, B O,Z[HOI‘/JI
U3 CUCTEM HabJII0JeHMsI.

ITpu 5TOM, B 3aBUCUMOCTH OT CUCTEMBbI HA0JTIO-
IeHus IIpeAcTaBIeHe 0 KOMIIOHEHTaX MEHSEeTCs
M TOBOPUTb O KOPIYCKYJSIPHBIX WM BOJHOBBIX
CBOJCTBAX MOXXHO I10 OTHOILIEHMIO TOJbKO K KOH-
KpeTHOM cucteMe HabmomeHusi. [lepBbie aBe Cu-
cteMbl HabmiomeHus ompenenedbi CTO u OTO
DJHIITEeiHA C 3aMeHOli BpeMeHM Ha IJIuHY, U
Hao60POT, ¢ TepexoqoM ITOTEeHIIMATbHOM SHeprun
B KMHETHYECKYI0 SHEPTMIO M Haob6opoT, U 3TO
ObLI0 Y3Ke (haKTUUECKM CIIeJIaHO IO HaC B KBAHTO-
BOJ MexXaHMKe Ha OCHOBE KOOPAMHATHOTO U MM-
ITyJIbCHOTO TIPeCTaBIeHnsT QYHKINIA C CUMMET-
pueli ypaBHEHUI B MPOTUBOIIOIOXHOCTSX C y4€-
ToM dopmyi [12].

W(x) = 1/@uh)'/? f d(p)e™/Mdp,

. (1)
b(p) = 1/(2nh)*? f P (x)e~P¥/h .

[Tpy 3TOM MBI MMEEM CUMMETPUYHBII BUM B
ypaBHeHMSIX (U3UKU OT MPOTUBOIIOJIOKHOCTEN,
YTO JAET COBIIa/ieHMe 3aKOHOB GU3UKU U CUMMET-
PMIO C BBITIOJIHEHMEM 3aKOHA COXpaHeHUs KoJuue-
CTBa:

(E — Ax* + Bd?/dx*)¥(x) =0, 9
E - Ap? +Bid?/dpHp() =0. P

DTO 03HauaeT, 4To 1o popmynaam (1) moayye-
HMe 3HaUYeHUS] B KOOPAMHATHOM IpeACTaBIeHUN
T0 J/IMHE OIpefesieTcsl Ha OCHOBE BCeX 3HaUeH Ui
OT MMIIYJIbCHOTO MPeACTaBieHs (30eCb CKOPOCTh
¥ Macca S5KBMBAJIEHT BPEMEHHOTO MTPeICTaBIeHMS
c yuétom CTO u OTO), uTO CBSI3aHO CO CKOPOCTHIO
M KMHETUYEeCKO 3Heprueii B MPOTUBOIOIOKHO-
cTi. u3nyeckn 3To BbIpa’kaeTCs B TOM, UYTO KakK
OBl MMEEM B3aMMOCBSI3b KaXKI0ro 06bekTa Mupo-
3IaHMs CO BCEMU IPYTUMM 06beKTamMu. Takum 06-
pa3oM, He cie[lyeT IyMaTh, UYTO Hallle 3asiBJieHNe O
HAIMUMY [BYX TIJI0OQTbHBIX ITPOTUBOIIONIOKHBIX
CUCTEM C CYIIECTBOBAHMEM MX COOCTBEHHBIX CU-
cTeM HaOIIogeHus, TPUCYTCTBUEM CUMMETPUM B
ypaBHEHMSIX U BJIMUSIHMEM 4Yepe3 MHTerpajbHble
3HAaUeHUS OT CKOPOCTU (MMILY/IbCa) B IIPOTUBOIIO-
JIO)KHOCTM — 9TO Hallla BbIAYMKA. MblI JIUIIIb TPOCTO

CBSI3bIBA€M B €IMHYIO0 JIOTMYECKYIO IIelOYKYy TO,
YTO Ha OCHOBE MPaKTUKU B TEOPETUUECKOM TIJIaHe
y3Ke 6bIIO CHenMaHo A0 Hac.

Tak Kak CyIIecTByeT U 3JIeKTPOMarHUTHbIN
KOHTMHYYM, Tlle cuwia KyjsoHa mepexoauT B CUIY
Jlopenna, 1, HaobopoT, Ha ocHoBaHuM CTO DiiH-
urreitHa [13], To ecTh U Ipeob6pa3oBaHie IEKTPO-
MarHUTHBIX KOMIIOHEHT B ITPOCTPAHCTBO U BpeMsi,
M HAaobOpOT, MHAUe W3MEHEeHMe HaIpaBIeHNs
IBVKeHUsT 6e3 B3aMMOJIECTBYUS uepe3 0OMeH He
MOJIyYUTh. B CUITy TOTO, UYTO €CTh B3aMMHbIE TIpe-
00pa3oBaHMsl MPU B3aMMOJENCTBUU, TO UMEEM
JleJIo ¢ OOIIMM IMPOCTPAHCTBEHHO-BPEMEHHBIM U
3JIEKTPOMArHUTHBIM KOHTMHYYMOM. YUTEM, UTO
HeJb3S TIPeJONOXKNUTh MCUe3HOBEHNE B HOJIb HU
MPOCTPaHCTBA, HY BpeMeHU, HU 31IeKTPOMarHuT-
HBIX COCTaBJISIONINX, TAK KaK 9TO TOBOPUIIO GbI O
BO3MOXKHOCTM OOOWTHCHh TOJBKO Ha OCHOBAaHWUM
TPEX U MeHee KOMIIOHEHT, a He ueTbIpéx. Torma
COOTBETCTBEHHO M0JIyyaeM Ha OCHOBE 3TUX Ipe-
0o6pa3oBaHMii YeThIpe pPaBHOIPABHbIE CUCTEMBI
HabTIoneHs.

Ommemum, umo npeHebpexceHle uemeepmoli co-
cmasasowell — spemeHem 8 meopeme Ilyankape, Ko-
mopas ymeepxdaem, umo ecnu aw06as nemius Ha
Hawieli mpexmepHoll N0BepXHOCMU CMsA2UBAEMCs 8
MouKy, mo ama mpexmepHasi NOBEPXHOCMb 516Js1-
emca cgepoii, npuseno k momy, umo I'puzoputi Ile-
penbMaH, Kak 6vl cMoz 00Ka3ame 3aMKHYmocmo npu
Hanuuuu moyibko mpéx usmepeHuii, 6e3 spemMeHu.

OpyruMu cioBaMu, MaTeMaTUKU IIpeHeOperin
JIOTMKOW HaIn4us 3aKOHOB (QM3UKM MPU JT0Kasa-
TeJIbCTBAX, TaK KaK 3aMKHyTasl cucrema (cdepa)
obpasyercst mo CTO u OTO iiHIITElIHA TOIBKO C
YYETOM BpeMeHM 3a CUET MPeoOpa3s0BaHUST IJIVHbI
BO BpeMsI M Hao60poT. B MHpOTMBHOM CiIydae
uMeeM Tomo6ue reoMeTpuyu EBKIMOA C MOTHOM
He3aBMCUMOCTbIO BCeX TPEX IMepIeHIUKYISIPHBIX
HarpaBaeHuit gauHbl. Y Torga B 3TOM ciayvae J0-
Ka3aTh 3aMKHYTOCTbh IPOCTO HEBO3MOXHO 13-3a
OTCYTCTBUSI CBSI3M uepe3 BpeMs. OTMeTUM, 4YTO
paBHOIIpaByMe CUCTEM HAOTIOAEHMSI ClIeqyeT TaKkKe
U3 TMIPUHIMTIA TTIepeCcTaHOBOYHOI 1BOICTBEHHOCTHU
ypaBHeHMIT MakcBesia ¢ YY6TOM ypaBHeHMU [14]
TIpY OTMOAHMM BOTHO ITPEMSITCTBUS

V2A, + k%A, = —8,8crm
Ay = Ea/(4m) [ @™ a0
\4
V2A+ %A = —b O
A= o/ Cam) [ @ue™ravy/r
|4

ITo cyTu uMeeM Takoe ke dypbe-mpeodbpa3oBa-
Hye GYHKIMIT Kak B (1). 3TO TOBOPUT O TOM, UTO
Kak B IIPOCTPAaHCTBEHHO-BPEMEHHOM, TaK U B
9JIEKTPOMAarHMTHOM TIPEJCTaBIE€HUY OOBEKTBI
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MMeIOT B3aMMOCBSI3b C KaXKIbIM U3 00beKTOB Miut-
po3paHusl (HMYTO HU OT 4Yero IOJHOCTBIO OThe-
JIUTh U BBIAEIUTb HEBO3MOXHO). [IOHSITHO, 4UTO ¥
Hac BUI JenbTa-GyHKUUK (S¢r,), KOTOPBINA CTpe-
MUTCSI K 6eCKOHEUYHOCTM, O3HauaeT IOIbITKY
y4ecTb BKJIaJ Kak ObI OT Bcex 06beKTOB Muposa-
HMSI B KOHKPETHOV TOYKe HavyaJIbHOrO OTCYETA.
OnHOBpeMEHHO IMpPUHMMaeM, UYTO KOJIUYECTBO
06HeKTOB B MUPO3TaHUM OTpaHMUYEHO Ha OCHOBE
nocrosiHHo# Ilnanka (h) u ckopoctu cBeta (c). B
Hallleil Teopuu rmepBoe ypaBHeHue (3) pakTUuIeckn
aHaJIOTMYHO ypaBHEeHUIO Buaa [5]:

V2D, —1/c20%®,,/0t? = =D, /uy = —c%gyD,,. (4)

PasHuiia auillb B HOpPMUPOBOYHOM TOCTOSIH-
HOM Ko3dduiiMeHTe, a pelleHue MPaKTUUECKA
OIpenesnsieTcs OT 3HAYEHUS £, KOTOPOE BBIUMUCIISI-
eTcsl M0 BKJaJaM II0 3HAUYEeHUSIM 3J1eKTPUYeCcKomn
MIPOHUIIAEMOCTY OT MCXOOHOIM TOUKM B OOBEME
CTPeMSIIMMCS K 6€CKOHEUYHOCTHU. [IOHSITHO, UTO,
TaK Kak 6eCKOHEUHOCTM HeT U3-3a HaIUYMUS KOH-
CTaHT B BUIE IOCTOSIHHOM IInaHKa M CKOpPOCTHU
cBeTa (KOJIMYECTBO OTpaHMUYeHO unciaoM N=c/h), To
BBIUMCJIEHVME HAI0 TPOBOAUTD MO BKJIAAAM OT B3a-
UMOJENCTBUSI CO BCEMU CYIIeCTBYWOIIMMU B Mu-
posmaHuM ob6bekTamu. Ilpy 3TOM GU3UUECKUI
IIPMHIINII He HapYIIAeTCs, 10 KOTOPOMY MCTOUHMK
MU3JTy4eHUsT B OJHOI MMPOTUBOIIOI0XKHOCTHM, BbIpa-
SKeHHBII uepe3 CTOpPOHHME TOKM, (opmupyeT
37IeKTPOMAarHuUTHOE ToJie B APYroii MpOTUBOIO-
JIo)XHOCTH. OJHAKO, Mbl 3aMeHsIeM (UKTUBHBIE
CTOPOHHME TOKU, ITpeJICTaBJIeHHbIE e/IbTa-(PYyHK-
LMel, Ha KOHKPeTHbIN BKJIaL, KasKI0M COCTaBJISIO-
el TPOCTPaHCTBEHHO-BPEMEHHOTO MCKPUBIIE-
HUSI BBIPQKEHHOTO Yepe3 3JIeKTPUUECKYI WU
MarHuTHYI0 TPOHMIIAeMOCTb B [aHHOM ToOuke
bopMupoBaHUS 3JIEKTPOMATHUTHOTO TOJs. Ipy-
MMM CJIOBaMMU, 110 Halllei TeOpUM UCTOUHUK U3JTY -
YeHMsI BbIpaXkaeTcsl MPOCTPAHCTBEHHO-BPEMEH-
HbIM MCKPUBJIEHMEM B JAHHO TOUKe, ¥ CHOPMU-
POBaH OT BCEX OCTAIbHBIX 06BeKTOB MUpo3maHus.
N 31O BHOMIHE JIOTMYHO, TaK KaK MPOCTpaH-
CTBEHHO-BpPEMEHHO€e VCKPUBJIEHME B OOHON Mpo-
TuBONONOKHOCTU TT0 CTO n OTO diiHIITeliHA U
Halllelil Teopuy CBSI3aHO C OBVKEHMEM B NIPYroi
MIPOTUBOTIO0KHOCTH.

CobcmeeHHo JliHwmeliHy, 015 nodmeepxcoeHus
Hanuyust NpoCMpaHcmeeHH0-6PeMEHH020 UCKpU8ie-
Husi no OTO (a amo, no cymu, NOMEeHYUA1bHAs SHeP-
2usl), 0CMasanocy aUllb NPUHAMb Haauuue npomu-
80NOJIOMCHOL cucmembsl HAONOOeHUsl, CBA3AHHOU C
Hauwleil yepe3 ckopocms ceema, umo dasano abco-
JIOMHYI0 cucmemy omcuéma 0Jis1 3HaYeHuli cKopo-
cmetl 6 NPOMUBONOJIOXHOCMU (d 310 KUHemuueckas
JHepaus), Komopele ObLU UM Ucnonws308ausl 8 OTO.

IBU>KeHME BCerma CBSI3aHO C M3MEHEHUSIMM,
YTO COTPOBOXIAETCS M3TydeHUeM U TOTJolle-
HMEeM depe3 B3aMMOIEeiCTBME, ecu O6BEKT CO-
xpaHseTrcs. IMeHHO 3TO TakKke He ObUIO IO-
HSTO B @M3MKe, TaK KaK ObUI IPUAYMaH MOCTY-
JIaT, IPY KOTOPOM TeJI0 HAaXOAUTCS B TIOKOE U
He B3aMMOJENCTBYeT Npu OTCYTCTBUM WU
HaJIMUUM TIOCTOSIHHOM CKOPOCTH, TaK KaK HeT
yckopeHwus: (riepBbiii 3akoH HbloToHa). OdHako
usuxa yxe cCmoJKHYAACh U3-3d IMO20 C Napacok-
coM, mak Kaxk eosiHvl JIyu de Bpoiina 3asucsm om
cKopocmu 08uceHusl, U OHU daxce cywjecmayom 0l
nokosiujetics uacmuypl, U ux Obl HEBO3MOMCHO ObLIIO
Obl 0OGHAPYHCUMb HA NPAKMUKe HUKAKUM 00pa3om
Jdavice KOCBEHHO, ecau 0bl He 0bL10 83aumodelicmaus
yepe3 usnyueHue u nozioujeHue.

Bes HamMums M3TydeHUS U MTOTJIOMEHNS TOBO-
PUTh O HaJIMUYMM HEKUX BOJH BOOOIIE HEBO3-
MOSKHO, TaK KaK 3TO YK€ OTHOCUTCSI K UyAecam.
[MoHSITHO, UTO IIPU 3TOM ITPOMCXOOUT OOMEH C
OKPY)KaIOIMMM 06'beKTaMM, TaK KaK HUYETO JIPy-
TOT0 PSIIOM HeT. ITO 03HAYAET, UTO YCAOBUS U3JTY-
yeHUs (TIOIVIOLIEHMSI) B KOHKPETHOW TOUKe IIpu
COXpaHeHUM 0OBEKTA OIpPeAessIIoTCS B3auMOoIei -
CTBMEM ¥ BIUSHMEM BCErO IMPOCTPAHCTBEHHO-
BPEMEHHOTO MCKPUBJIEHUS OT APYTUX OOBHEKTOB
Mwuposnanus. Takoit mogxod COOTBETCTBYET CBSI3U
BCex 06beKTOB MUposgaHus IPYT C IPYroM Ha OC-
HOBE MepapXMueckoro MmocTpoeHuss MuposgaHus
U C YUYETOM OOGPATHO-IIPOIIOPLIMOHATBHON CBSI3U
(cobcmeenHo Hanuuue 00paAmMHO-NPONOPYUOHATb-
HOUi c8513u nomom u 6bL10 UCNOIB308AHO 8 KBAHMO-
801l MexaHuke 8 modenu amoma 80dopoda). B tipo-
TUBHOM CJTydae 6yAyT 00'beKThl, 3aMKHYTbIe CaMMU
Ha ce6s1 6e3 BO3MOKHOCTU UX O6HapykeHus. Ta-
KM 00pa3oMm, IepBoe ypaBHeHMe B (3) SBIsETCS
BEPHBIM M COOTBETCTBYET ypaBHeHUIO (4), ecan
yopath nenbTa-GyHKIMIO (UKTUBHOTO CTOPOH-
HEro TOKa, U TOJ BEJIMYMHON &, cllefdyeT IOHM-
MaTh MHTeTpajbHOe 3HaUeHMe, ChopMmUpoBaHHOE
MIPOCTPAHCTBEHHO-BPEMEHHBIM  MCKPUBJIEHVEM
OT BJAMSHUSI BCceX 06beKTOB Muposgauus. CoorT-
BeTCTBeHHO (PyHKIMA A,,, BHIpaKalolias Hey3MeH-
HbI/l 00BEKT, HO/DKHA MPUCYTCTBOBATh KaK HEO6-
XOA VMBIV 4ieH B TepBOM ypaBHeHMM (3) Kak cjieBa
OT 3HAaKa paBeHCTBA, TaK ¥ CIIpaBa OT 3HaKa paBeH-
CTBA C MOCIEOYIOIIMM COKpAllleHUeM, UTO COOT-
BETCTBYeT ypaBHeHUSIM B (2). [IOHSITHO, UTO (PyHK-
1MUY pasHOTO BMIA MPOTMBOpEYAT HAJINYMIO pa-
BEHCTBA. B uTore Mhbl IOJIy4aeM COOTBETCTBME
mexay dyHkuueit @, B (4) 1 dyHkumeii 4, B (3) B
KJIaCCUUECKOI 3JIeKTpOaMHAMUKE.

ITpu sTOM Mepexo], OT BOJTHOBOIO Bujia (3/1€K-
TPOMArHMTHOTO BM[IA) K KOPITYCKY/ISIPHOMY BUAY
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(TIpOCTpaHCTBEHHO-BPEMEHHOTO MCKPUBJIEHUS), U
Hao60pOT, CBSI3aH C HOPMMPOBKOJ IO YPOBHIO
Mepapxum 1 MIPUHAIJIEXKHOCTU CUCTeMe Haboze-
HMSI, C TIpeficTaBaeHeM QYHKIN B BUle 3aKOHO-
MepHOCTe, 0OTpaXXalolUX MPOTUBOMOJIOKHOCTHU B
3aBUCUMOCTM OT CUCTEMbl HAGTIONEHUS C COOT-
BETCTBYIOIIMM OTpaskeHueM B BUJEe YPaBHEHMUIL C
BBIIIOJTHEHMEM 3aKOHa COXpPaHEHMSI KOJIMYECTBa.
3mech, BU, OTJIeJIbHOTO 06beKTa B BuIe YHKIMIA
B 9TUX YETBIPEX CHCTEMaX HAGMIOMEeHNST He MOXKET
COBIAZATh, TAK KaK 3TO ObI 03HAYAIO OTCYTCTBUE
CaMMX MPOTMUBOIIONIOKHOCTEN M3-3a UAEHTUUYHO-
¢t mpencraBieHuss. CO6CTBEHHO 3TO CBSI3aHO C
TeM, UTO BOJIHOBOE ypaBHeHUe B (4) He COBIafaeT
MO BUIY C YPaBHEHUSIMM KOPITYCKYJISIPHOTO BUAA
MOJTyYeHHOTO HaMu B [6, 15, 16]:
oW Jot — 1/(2my)VIW = cggW /2. (5)
A 3T0 03HayaeT, uTo BuJ QYHKUMY [T BOTHO-
Boro ypaBHeHust @, oTiamMuaetcss oT Buia (PyHK-
uyuu — W 1151 KOPITYCKY/SIPHOTO YpaBHEHMSI, a 3Ha-
YeHMs MCTOYHUKOB M3Jy4eHUs] U MOTEHLUANb-
HOTO TI0JISI, C YYETOM COKpAIlleHUs SKCIIOHEeHIIN-
aJabHBIX (YHKILMI, MUMEIOT KPaTHYIO BeIUUMHY B
Buzie (cgy/2)/(c?sy) = 1/(2¢) = h/2. Otnnune Ha
1% MOMMMO KOHCTAHTHI ITOCTOSIHHOM Il1aHKa CBS-
3aHO C TeM, UTO XapaKTepu3yeTcs IBVDKEHNe (T eii-
CTBMe, BIIMSIHME) OT OJHOW IPOTUBOIONOKHOCTU
(omHOrO 3apsifia B BUe MOTeHIIMAAbHOTO MOJIsT) Ha
IBIDKYIIYIOCST YacTuily 6e3 yuéra IpOTUBOIEN-
CTBUS, TO €CTb OTPa’kaeTcsl He IOJIHAas 3Heprus
B3aumogenicTeus. [lonHasi 3Heprust MoJjy4aercs
MIPU CJIOXKEHUU TTOTEHUMAIbHOM U KUHETUUECKOM
SHEepPruM, U4TO OTPaKEHO B yPaBHEHUM SHEPIUU
DitHiTeitHa. [Ipy 95ToM HE06X0AMMO PacCMOTPETh
06e B3aMMOZ e CTBYIOIIME YACTUIIBI B IIPOTHUBOIIO-
JIOKHBIX CUCTEMAaX HaO/oeHMUs, B KOTOPBIX, B
MepBOM cry4yae, QUTrypMpyroT IPOTOH U JIEKTPOH,
a BO BTOPOM CJIyyae aHTUIIPOTOH U MTO3UTPOH, TaK
Kak TOTeHIMaIbHasl SHeprusi B OAHOI MPOTUBO-
MOJIOKHOCTU TEePEXONUT B KMHETUYECKYHD SHep-
TUIO B IPYTOit MPOTMUBOIIOIOKHOCTH, ¥ HA0O0POT.
BonHoBoe ypaBHeHMe ¢ DyHKIMEN D)y M3HAYATHLHO
BBIDaXEHO Yepe3 B3aMMOJEeNCTBME IMPOTUBOIO-
JIO)KHOCTEeJ, KaK 3TO YBUAMM HECKOJbKO HMXKE.
3Hauenme my=h=1/c (1o Hamei teopuu [3]) omnpe-
JIensieT CBSI3b IPOTUBOIOJIOKHOCTEN IIUHBI U
BpeMeHU uepe3 CKOpOCTh cBeTa. He Hajo aymarts,
yto ¢dopmysna h=1/c — 3TO Haiia BBIAyMKa, TakK
cBs13b x0=ct BB& enté MmHKoBCcKuii [11]. Heuro 110-
Io6HOe paBeHCTBY hc=1 ObIJIO BBEIEHO TAaKXKE B
KBaHTOBYIO MeXaHUKY [17] 1 mosyunno Ha3BaHue
TIOCTOSIHHOM TOHKO¥ CTPYKTYPBbI:
a = ey?/(ch) = 1/137 = const. (6)
C yuértom Teopuu [upaxa rnpu sapsge e, = +1

[18] monmyuaem a = 2m/(ch) = 1/137. A uHaue 3a-
psan 6bl BXOOWMJI B ypaBHEHME SHEpPruM DitH-
HITeliHa, M3 KOTOPOTO IMoyyeHa cUcTeMa ypaBHe-
Huii [Ilupaka, Kak BeJu4YMHA, MMeWIas CUI0OBoe
BO37eiicTBMe uepe3 3Hepruio. To ecTb pasHMUIA
JIUIIb B HOPMUPOBKE, ¥ OHA CBSI3aHa C TeM, UTO
BbIAYMAaHHbIE YUEHBIMU CUCTEMBI u3MepeHus CU,
iy CI'C He COBIIafalOT C CUCTEMOM U3MepeHUs Ha
OCHOBe KOJIMUeCTBa 4 3aKOHOMepHOocTel B Mupo-
30aHUN.

CrnenyeT OTMETUTb, UTO, 3aKOH COXpaHeHUs
KOJIMYeCTBa MeX[IY MPOTUBOIOJ0XKHOCTSIMU Tpe-
6oBas mepexoaa GYyHKIMIA IPYT B APYTa TOIBKO 32
CUET aTpubyTa MPUHAIIEKHOCTH (Y HAC 3TO MHU-
Mas edVHMIIA), MHAUe CUMMETPUM B CUCTeMax
HabJII0IeH s He TTOMyYnTh. [Ipu 3TOM Heo6xoamum
ObUT KCITOHEeHIIMATbHBIN BUA, GYHKIMIA, TaK KaK
M3MeHeHMs, CBSI3aHHbIe C 0OMEHOM U B3aMOJ et -
CTBMEM He JOJIKHBI ObUIM U3MEHSATh CaM OOBEKT,
MpyU OTCYTCTBUM pacmajga B AuHamuke. Kpome
TOTO, apryMeHTbl B (DYHKIMSAX TakKke He MOTYT
COBIIaAATh [0 BUAY B CUJY TOTO, YTO YpaBHEHUS
pasHble, a 9TO 03HAYaeT, UYTO PAaBEHCTBO epeMeH-
HbIX apTyMeHTa C COOTBETCTBYIOIIMMMU KO3(Dhu-
LIMEeHTaMM B OJHOI ITPOTUBOIIOJOKHOCTU AAET UX
HepPaBeHCTBO B IPYroil MPOTUBOIOIOKHOCTHU. Pa-
Hee B [6] MBI ITosTyumiu npeob6pasoBaHMe BOJIHO-
BBIX CBOJVICTB B KOPITYCKYJISIpPHbIE CBOJCTBA B BUAE
CUCTeMbl ypaBHeHMI [lypaka ¢ mepexonoM K ypaBs-
HeHMo TamuiabTOHA-IKOOM, 63 BHEIIHUX 3JJIeK-
TPOMarHMTHBIX CUJI C II0JTyYeHMEeM YPaBHEHMS:

E = +1/(2my)(P.* + P,* + B,%). (7

[Ipy NpsIMOAMHENHOM [BUXEHUM B YaCTHOM
cJyyae ypaBHeHMe TpuobpeTaeT BULI:

E = B.?/(2my). ®)
Teneps yUTEM 3aBUCUMOCTHU B BUTE:
ow /ot = —E; VW = B. 9)

B pesynbTaTe MMeeM BUA, ypaBHeHUsI [aMuiib-
TOHa-SIKOO6M 6e3 BHeNTHEero B3aumogeicTeus [19]:
—owW /ot = (VW)?2/(2my). (10)
Bup BosmHOBBIX hyHKIMI JIyn ne bpoitis ¥, ot-
pakarouux 06beKThI IO CUCTeMe ypaBHeHUi [T1-
paka Tpu BbIBOAE OT YpaBHEHMSI HepTUM IViH-
mTeiiHa (TO ecTh, 6e3 BHEIIHEro BO3AEICTBUS)
ObUT ITOKa3aH HAMM TaKKe B [6]:
¥, = exp[i(c’t/mo + Px + Py + P,2)],
¥, = exp[i(c®t/my — Pex — Py — P,2)],
Y3 = exp[i(Et + c*t/my + Pox + Py + P,2)], 11
¥, = exp[i(Et + ¢*t/my + Px + P,y + PB,2)].
DKCITIOHEHLMAIbHbIV BUI QYHKIMIA 1JISI BOJHBI
U JIJISS 9aCTUIBI TakKke MPUAyMaH He HaMU, 3TO
eié Beén lIpénuurep, Tak Kak MHaUe COBMECTUTD
BOJIHY ¥ YaCTUILY ITPU ABVDKEHUM B OGHOM OOBEKTE
B BUJIe 3aMKHYTO BeJIMUMHBI 6€3 paciiajia HeBO3-
MO>KHO. Co6CTBEHHO JCIIOJ/Ib30BaHME
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[llpémuHrepoM B ypaBHeHUM ['aMuabTOHA-SIKOOU
3HaueHust V2W Bmecto Beiuumubl (VW)? ompas-
IIaHO TeM, UTO SKCIIOHEeHI[Ma/bHble QYHKIUMU He
MEHSIIOT CBO¥ BUJ, npu auddepeHIMpoBaHmn (TO
eCTh U3MeHeHMsI He AA0T pacnana). [Ipu atom, 3a-
MeHusB 3"auenue (VW)?2 na suauenne V2W, IlIpé-
IuHTep (aKTUUeCKU UCKITIOUMI «II€PECKOK» B TY
>)Ke TIPOTMBOIIOJNIOKHOCTh 4Yepe3 BO3BeJeHMe B
KBaAparT (meiicTBue B BUAe KBaJipaTa He BbI3bIBAEeT
repexona B MPOTUBOMOJIOKHOCTD, & JAET CKa4OK
6e3 B3aMMO/IeICTBHUSI C TPOTUBOIIOIOKHOCTBIO), U
060CHOBAJI IPUHIIUTI, TI0 KOTOPOMY JIeJiCTBME BbI-
pakaeTcs B U3MEHEHUM C TIepex0i0M B IPOTUBO-
MOJIOXKHOCTh C HaJM4YMEeM MHUMOM eIVHUIIbI KaK
aTpuoyTa MPOTUBOIIOJIOKHOCTHM (MHAYe paBeHCTBA
B YpaBHeHMM ObUIO He TTOMYyUnTh). [Ipuuém B 3TOM
clyyae JBOJHOE M3MeHeHMe C BO3BpaTOM [aéT
MPOTUBOEICTBYME K HAUaIbHOMY M3MEHEHUIO.

Takum 00pasom, UChOJb308aHUEe HAMU aAmpu-
Oyma 8vlpadceHuss NPOMUBONONONHOCMU 6 6ude
MHUMot edunuyst (i=(-1)Y?) maksie He Hawa 6bi-
dyMmKa.

CobcTBeHHO [TMpak B CBOEH CUCTEMe ypaBHe-
HUIi TaKKe UCTIOIb30BaJ JIJI YUETA OBUKEHUS Ya-
ctuiisl nuddepeHIanbHble U3MeHeHUsI. B aToM
cJydae KBaJpaT MMITyJIbCca MTOIyvaeTcs uepe3 MoJ, -
CTAaHOBKY OOHMX ypaBHeHUl B Apyrue. B cucreme
ypaBHeHUlt [Iupaka yUUThIBAETCSI, UTO BOJTHOBBIE
GbyHKIIMM paccMaTpUBAIOTCSI B OJHON cUCTeMe
HabI0geHus ¥ T03TOMY GYHKIMK ¥; U ¥, UMEIOT
pasauuue B 3HaKaX, a QyHKIUK ¥; U ¥, UMEIOT OT-
JiM4ue 1o aprymeHry ot ¥; u ¥,, HO He I10 3HaKaM
B apryMmeHTax GyHkiui. OqHaKO JaHHbIN BUJL He
VUUTBIBAET TO CBOJCTBO, UTO MJIT OOHAPY>KEeHUSI
YacTULbI B HalleM Mupo3gaHum HaZo MMeTh B3a-
MMOJENCTBME 32 CUET U3TYYEHUS U IOTTIOUIEHUS
yepe3 BHENIHIO C 00beKTOM cpeny. [losTomy ¢
y4éTOM Halieit Teopum Tipu me=h=1/c, 3KBUBa-
JIeHTHbIe pelleHMs] BOMHOBON GyHKUMMU @, (4) u
KOpITycKysipHO# byHKumu W st (5), ipu UCTOY-
HMKe (TIOTJIOTUTEJE) C BEJIMUMHON MOTEHLMAJIb-
HO¥1 SHeprum paBHOI (cgy)/2, 6yOyT B BUJIE:

@, (t,7) = cexp{i[ct(1 + (cgp)/?) + 7]} =

= cexp{i[ct + ((cex)V?r +1)]} =
= cexp{i[ct(cey + (cgg)t?) £ ceor]} =
= cexp{ifct £ (r/(cuo)/* + M1},
W(t, 1) = exp[ceot + (g9)/?7]
= exp[ gor * (g0)/?7].

12)

Buaum, uro apryMmeHTbI GYHKIMI OTANYAIOTCS
NIPUHAAJ/IEKHOCTBIO IJISI XapaKTePUCTUKU BOJIHO-
BBIX ¥ KOPITYCKYJISIPDHBIX CBOJMCTB MO aTpubOyTy
MHUMOI eIVHULBI (eC/IV UCXOOUTDb U3 YPaBHEHUS
FamuiabTOHA-AKOOM, a He ypaBHeHus IlpémuH-
repa), a Takke HOPMMPOBKO} II0 MapameTpam
IJIMHBL ¥ BpeMeHM B  3aBUCUMOCTU  OT

OKpY’Kalolleii cpefbl. B MPOTMBHOM Ciyyae HeT
MIPOTMUBOMOIOXHOCTEN, M CyMMa B OOHOM ITPOTU-
BOTIOJIOKHOCTY OCTaBasiachb OGbl CYMMOIi B APYToii
MIPOTYUBOITOIOKHOCTY 13-3a UTEHTUIHOCTY QYHK-
unit. 3mech mis byukuuu @, 3HaUeHME B apry-
MmeHTe (cgy)'/? onpepenseT UCTOUHMK TaK Ha3bIBa-
€MOJ1 BTOPUYHOJ BOJIHBI, CBSI3aHHOM C IPOCTPaH-
CTBEHHO-BpPEMEHHBIM MCKpUBJeHueM. To eCTbh CO-
MIPOTUBJIEHME OKpYKaloIeit cpembl 0 GopMysie B
Hameii  Teopuu  (Uo/&)Y? = 1/u=1/(c? -
Unp)? = /(1 — v,p?/c*)Y? = 120m BimsieT ue-
pe3 mapaMeTphl &, iy Ha pacIpocTpaHeHue 3JIeK-
TPOMAarHMTHO BOJIHBI B BaKyyMe. ViHaue Gb1JIO ObI
He3aBUCKUMOe IBVDKeHMe 6e3 ormbaHus BOJIHOIM
MIPEISITCTBUS C HEe3aBUCUMOCTBIO 3JIeKTPUYECKOI]
Y MAaTHUTHOJM KOMITOHEHTBI IPYT OT ApYyTa (3TO MBI
IMMOKa>XeM HEeCKOJIbKO HMJKe Ha IIpuMepe CUCTEMbI
nsmepenuss CI'C). Torma, ¢ y4yéTomM 3aKOHa
CHeynyca [20], MOXXeM NIpenCTaBUTh BeIUUYUHY
(ceo)'/? B Busie paBeHCTBa:
(ce)?) = [eo/ (111) /*]"2. (13)
JTO II03BOJISIET XapaKTepu30BaTb MCKPUBJIE-
HMe OBVDKEHMS B IIPOCTPAHCTBE MPU HEM3MEHHOM
3HAUEHMM CKOPOCTM CBeTa TIIpU paBeHCTBe
¢ = 1/(g1uy)Y?, 4TO M XapaKTePU3yET B3AUMOZIENi-
ctBue. To ecTb M3MEHEHUS &;,[; OOPATHO-TIPO-
MOPIMOHANBHBI. [Ipy 3TOM, ecau OBl CKOPOCTh
cBeTa He ObUIa Obl KOHCTAHTOM, TO TOBOPUTh O
Hamuny CTO He 6b110 6bI CMBIC/TA. B 3TOM Cityuae
B3aMMOJIe/ICTBME OIpPedeNsyioch Obl yMeHbIle-
HMEM CKOPOCTM CBETa, BMECTO M3MEHEeHUs
HaIpaBjIeHMs], a 3TO 03HAYa/IO Gbl, UYTO BOJIHA YKe
yacTuiia. O6MeH vepe3 KMHETUUYECKYIO IHEPTUIO
(IBWOKeHME) B IPOTUBOTIONOKHOCTY OIIpeesseT
MOTEHLIMATbHYIO SHEPTUIO0 KOPITYCKY/ISIPHBIX 06b-
€KTOB B Hallleii cucTeMe HabG/IOMeHMs], a TaK Kak
00BEKTHl 00513aHbI B3aMMOIEICTBOBATh Yepes
IBVSKEHME 3JIEMEHTAPHBIX 0OBEKTOB C YUETOM MX
MOTEeHLIMAIbHOM SHepruyu 1o dopmyne Jiyu ne
Bpoitns, To 9TO KMHEeTHYeCKast SHePIUsT YiKe orpe-
JleJisieT KOPIYCKY/ISIPHBIN COCTaB B MPOTUBOIIO-
JIOKHOCTU. BOT mostomy u cywecmayem gopmyna
ITnanka, ucknouaroujas yrempaguoiemogyo kama-
cmpogy ¢ Hanuuuem 6ecCKOHeuHOll IHepeul, a He no-
momy, umo eégesiu ampubym K8aHmosaHust IHepauul
8 eude nocmosuHoli Inauxa (h). 1eiiCTBUTEIBHO IO
dbopmyne E=hf, ectu h — KOHCTaHTa, TO YacTOTa
MOXKeT M3MEHSTbCS M0 6eckoHeuHOCTH. Emé pas
OTMETUM, UYTO cucTtema usMepenuss CU orimua-
€TCST OT CUCTEMBI M3MEPEHMS KOIMYeCTBa B Mupo-
3MaHUY (3TO MbI He pa3 MOKaXXeM J1ajiee), B KOTO-
POM KOJIMUECTBO MEPSIETCSI OTHOCUTEIBHO MUHU-
MaJIbHOTO pasMepa JOMUCKPETHOTO 3jeMeHTa
mo=h=1/c [3]. COOTBETCTBEHHO IOC/IefHNE [Be
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BosiHOBBIe pyHKUMMU (11), XapakTepusyolime ya-
CTUILY B CCTeMe ypaBHeHul [lupaka, ¢ yueTOM Cy-
[1eCTBOBAHMSI IIPOTUBOMONIOXKHBIX YaCTUL], HA OC-
HOBaHUM 3JIEKTPOHHBIX Y MIOOHHBIX HETPUHO U
AHTUHENTPUHO, He OTAMUYAIOTCS T0 BUIAY B apry-
MeHTe OT MpeJCTaBAeHNs YaCTUIIbI B Buae QyHK-
uun ®, no (9), ecyin caenaTb COOTBETCTBYIOLINIA
MepecyeT apryMeHTa C YUETOM BBIHYKIEHHOTO M3-
JlydeHMs Ha 3HaUYeHMe (g4)'/?, a mepBble 1Be C yué-
TOM MepecuyéTa Takke Ha 3HadeHue (g0)/? s
MOJISI TOTEHLMAJIbHON SHEepruy, IMpenCcTaBisioT
SKBMBAJIeHT PyHKuuM W ¢ yuéToM mepexoma B
MIPOTUBOIIOJIOKHOCTh 4epe3 aTpubyT MHUMOIA
eIVHUIII C COOTBETCTBYIOLE/i HOPMMPOBKOIA.
IOpyrumu cioBamu, Mbl yepe3 GyHkuuu O, u W
uMeeM B CUCTeMe ypaBHeHM [Iypaka B3auMoaein-
CTBYE€ KOPIYCKY/SIPHBIX M BOJHOBBIX CBOVCTB I10
(bopMMUPOBAHUIO HOBOTO OOBEKTA, C OIMMCAHUEM
10 ypaBHeHu10 ['aMuIbToHa-SIK06M ¢ YUETOM B3a-
UMOJENCTBUSI Uepe3 BHeNIHIOW cpeny. To, UuTo
(bYHKLU/II/I B3aMMMHO 3aMeEHseMbl 4Yepe3 MHUMYIO
eOVHUIY U CKOPOCTb CBeTa, (aKTHUeCKM O3Ha-
YaeT, UTO MpeAcTaBjeHe 06beKTa OpeIesiseTcs
cucTeMoOlt HabOmofeHusl. B MpPOTMBHOM Ciyvae,
MPpU HE3aBUCUMOCTU KOPITYCKYJSIPHBIX U BOJIHO-
BbIX CBOVCTB, MbI ObI HE MIMeJI Iepexo/ia K OImca-
HUIO JBVDKEHMS YaCTULIbI Uepe3 CUCTEeMY ypaBHe-
Huii Iupaka. [1eiicTBUTENbHO, ABUKEHUE TaKUX
2JIeMEHTAPHBIX OOBEKTOB KaK 3JE€KTPOHHbIE WU
MIOOHHbIE HEMTPUHO (AaHTUHENTPUHO) C IIOCTOSIH-
HOJt CKOPOCTbIO CBETA TOBOPUJIO ObI O HEM3MEHHO-
CTY 3TUX 00BEKTOB, eCU ObI B TPOTUBOIIOIOXKHO-
CTV OHUM OBl He OMMCHIBAIN TaKue KOPIYCKYJISP-
HbI€e YaCTUIIbI KaK 3JIEKTPOHbI (IO3UTPOHLI), KOTO-
pble MMEIT B3aMMOJENCTBME, TaK KaK MX CKO-
pPOCTb onpepessieTcss TeEM, YTO OHM MOIVIOWAIT U
usnyvawrT. [Ipy 3TOM NpennosoXuTb, YTO CKO-
pOCTh [IOBIDKEHMSI SJIEKTPOHHBIX U MIOOHHBIX
HENTPUHO (AaHTMHENTPMHO) HEe paBHA CKOPOCTU
cBeTa o3Havasio 6b1 HapymieHue CTO u OTO DitH-
mteiHa. COOTBETCTBEHHO Pa3JIMYHBIA BUI, apry-
MeHTOB 1151 GyHKIM @y 1 W TOBOPUT O TOM, UTO
pPaBEHCTBO B OJHOM CHUCTeMe HAabGMIOeHUs TaeT
HEPaBEHCTBO B IPYTOii cucTeMe HabIIOJeHUSI, UTO
JIOTUYHO C TIO3UIMIA TOTO, YTO MHOE 03HAYAIO OBl
OTCYTCTBME OTINYUI MEXAY MPOTUBOIIOIOXHO-
ctaMu. OMHAKOBasi 3aBUCUMMOCTbh B apTyMeHTax
BOJTHOBOJ M KOPITYCKYJISIPHOVM (GYHKIMM JaBajo
Obl 3aMKHYTOCTb ITPOTUBOIIOJIOXHBIX OOBHEKTOB
IPpYT Ha IpyTa, 4YTO BepHO A5 Bcero MuposnaHus,
HO He Ij1s1 06beKTOB BHYTpM Muposmanus. Cob-
CTBEHHO JTaHHBIV Pe3yabTaT CJIEAYET U U3 UCTIOJb-
30BaHMSI BEKTOP-MIOTEHIMAJNIOB B KIaCCUYECKON
371eKTPOLMHAMMKe, KOTZAa CMeHa IlepeMeHHbIX

nipu auddepeHIIMpPOBaHUY (2 3TO YKBMBAJIEHTHO
CMeHe CUCTeMbl HAbGIOIeHUsS U COOTBETCTBEHHO
repexony OT BOJIHOBBIX CBOVCTB K KOPITYCKYJISIP-
HbIM, ¥ HA060POT), B OJJHOM C/Ty4ae JaBajIo paBeH-
CTBO B BUIe KaymbOpoBKM JIOpeHIa, a B JPYroM
cJlydae HepaBeHCTBO [21].

OTciofia pacIipocTpaHeHMe CO CKOPOCTbIO CBeTa
00beKTa B OJHOW IPOTUBOIIOJIOKHOCTMA aHaJo-
TMYHO HAJINYMIO 0O0beKTa B abCOJIIOTHON HEIo-
OBIDKHOJ CUCTEMeE B OPYroil MPOTUBOMOJIOKHO-
cTM. B 3TOM cCiyyae 1O Halleii Teopuu
g0 = (1 —vyp?/cHY? = (1 - 0/c?)*? = 1. OHaxo,
ILIST HETTOABMKHOTO 00beKTa B Mupo3ganum (ecim
3TOT OOBEKT He BCS [VI0O6aIbHAST TTPOTUBOIIOJIOXK-
HOCTb) BCe PaBHO HEOOXOIVIMO UMETh U3MeHEeHUs
IJIST B3aMMOJIEICTBUS (MHAUe 3TOT OOBEKT He Cy-
miectsyer). [Ipu v,,=0 OTCYTCTBYeT MCKpUBIEHME
MIPOCTPAHCTBa U BpemeHu B cooTBeTCTBUM ¢ CTO,
a 3TO O3HAaYaeT YTO JJIMHA Y BpeMsl HUKaK He CBSI-
3aHbl, TO €CTh MojiydaeM reometputo EBkiauma (c
HEe3aBUCUMbIMM IJIVHO U BpeMeHM 10 6eCKOHeY-
HOCTHU), BMeCTO reomeTpun MumHKOBCKOro. EnuH-
CTBEHHBII CITOCO6 0TOOPaKEHUS B3aMMOIECTBUS
TaKoro 06beKTa C OKPYXKAaIoIIeli Cpeioii CBI3aH C
BJIMSIHMEM Ha OKPYXKAWIIyI0 cpely depe3 Ipo-
CTPaHCTBEHHO-BpeMeHHOe MCKpUBJIeHMe, YTO B
cootBeTcTBUM ¢ CTO 1 OTO diiHiUTEViHA JOCTUTA-
eTcsl Takke 3a CUET IBVDKEHMS, HO uepe3 Bpallle-
HMe (HuUYero Jpyroro mnpocto HeT). OJHAKO IMoJ-
HOCTbIO 3aMKHYTas CUCTeMa, YTO JAET BpallleHue,
Takke MMeeT TapajlokC OTCYTCTBUS B3aMMOJeli-
ctBus. Kpome Toro, BpalijeHne CBSI3aHO C M3MeHe-
HMEeM HampaBjieHUs1, a 3TO UyJOM ITPOUCXOAUTD He
MOKeT, TO eCTh MMeeM BapuaHT U3JIy4eHUs U 1o-
TJIOIIEHMUSI B COOTBETCTBMM C BosHaMu Jlyu [e
Bpoiing. OTcioga mpu T1060M packiiage Macca 1mo-
KOSl 00bEKTa B OIHOJ ITPOTUBOIIONIOKHOCTU (Hop-
MUPYEeTCS 3a CUET MU3AyUeHUS] U TIOTJIOIeHMs
3JIEKTPOHHBIX ¥ MIOOHHBIX HEITPUHO (aHTUHEN-
TPUHO), YTO aKTUUYECKM CBSI3aHO C BpallleHMeM, a
3HAUYUT U HaJMUMeM MarHUTHOTO CIMHA, TaK Kak
elllé HUKTO He CMOT OTIeJUTh ABUKeHMe Haua/lb-
HBIX KOPITYCKYJISIPHBIX 00BEKTOB (3JIEKTPOHA U 10~
3UTPOHA) OT TOSIBJIEHUS] TPU 3TOM MATHUTHOTO
nosist. ViHoe Hapymmwio 6bl 3aKOH KIacCUYeCKOii
3MeKTPOANHAMUKN.

To ecTb, pelleHMe Ipo6JeMbl OCHOBAaHO Ha
TOM, YTO BOJTHOBbBIE ITPOII€CChI CO CKOPOCThIO CBETA
CO3JaI0TCS 3@ CUET 3TEKTPUUYECKUX Y MAarHUTHBIX
CTOPOHHMX TOKOB (3TO OTpaskeHue MpUHIUIIA
loiireHca-®peHens yepes NPOeKL UM dIeKTpuyde-
CKMUX M MaTrHUTHBIX COCTaBJSIONIMX HA Bpems).
[Tpu 3TOM B €IMHOM 0O0BbEKTE OJTHOBPEMEHHO €CTh
M TIpIMOJMHEiHOe [BIDKEHMe Ha OCHOBe
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ypaBHEHMSI HENIPEPbIBHOCTY U BpallleHNue B BUJE
poTOpa, YTO AAET B IPOTHUBOIIOIOKHOCTY HaIUume
o6bekTa. IMEHHO TaKk Ha OCHOBE YCOBEpIIeHCTBO-
BaHHBIX ypaBHEHMI MaKcBesia OIMChIBAKOTCS Ca-
Mble TIPOCTeiiie 06beKTbl MUPO3JAHUS — DJTeK-
TPOHHBIE I MIOOHHbIE HEMTPUHO (AHTUHENTPUHO).
Ilpowe Huuezo Hem!

BsaumopeiicTBMe MesKAY 00bEKTaMU ITPOMUCKO-
IUT Ha OCHOBE M3JIy4eHMS ¥ TMOIVIOLEeHUS JJIeK-
TPOHHBIX ¥ MIOOHHBIX HENTPUHO (aHTUHEN-
TPUHO), UTO CBSI3aHO C HaJIMYMEM BOJHOBBIX

VZH — 1/c?0°H/0t? = ceg grad jy + €y0jy /0t + rot jg;
V2E — 1/c?0%E/0t? = —cug grad jg — 1edjg /0t + Tot jy.

IIpu 5TOM CTOPOHHME TOKU SIBJISIOTCSI MCTOY-
HUKaMM MU3JyYeHUs] U TIOIJIOIIEHMUs, ¥ OHU CBSI-
3aHbI C IPOEKIUSIMMU 3JIEKTPOMArHUTHBIX COCTaB-
Jsgoimyx Ha Bpems (E:, H;) B BUe:

div. E. = —pg'/€o = —je/(c&); (15)
div H, = py' /1o = Ju/(Clo)-

HexkoTopbie GpM3MKKM MOTYT MOAYMAaTh, YTO
IPOEKIUM 3JIEKTPOMATrHUTHBIX COCTaBJISAIO-
IMX Ha BpeMs — 3TO HAIllM BBIAYMKM, OJTHAKO
JaHHOe TIpeacTaB/ieHue (aKTUUECKu ObLIO
BBeIeHO Ha OCHOBE CTOPOHHMX

O0E../0t = cOE./d(ct) = cOE;/0r = cdivE;, = —cpg' /ey = —jg/&0;
O0H../0t = cOH,/0(ct) = cOH,/0r = cdivH; = cpi'/lo = ju/lo-

WHbiMU c10BaMu, TPOU3BOAHbBIE OT CTOPOHHUX
3/1eKTpu4ecKkoro (Ec,) ¥ MAarHUTHOTO (Hcp) TIOTS OT
IJIMHBI OTINYAIOTCS OT TPOU3BOJHOM 110 BpeMeHu
Ha CKOpPOCTh CBeTa, U TaKas CBSI3b IOJIMHBI U Bpe-
MeHM, HallOMHMM, Oblla  BBeleHa  emlé

MIPOLIECCOB, ¥ OOBEKT BBICTYTIAET B KAUECTBE U3ITY-
yaTess u nornotutens. [Ipouecc nepexosaa K BOJ-
HOBOMY M3JIyYeHMIO0 Ha OCHOBE YCOBEPILEHCTBO-
BaHHBIX ypaBHeHMIT MakcBesia 6b1 HAMM TTOKa-
3aH B [5]. [IpMuém BOJIHOBOJ 3/1€KTPOMAarHUTHBbIN
npotiecc hopMupyeTcss U3 MPOTHUBOIIOIOKHOCTH,
M B 3TOM C/Iy4ae MCTOYHMUKAMU U3TYyYeHUs U MOo-
[JIOIIEHMS BBICTYIIAI0T CTOPOHHME 3/IeKTpUUecKue
(jr) 1 MmarHUTHBIE () TOKM, UTO TIOKA3aHO Uepes
clleyolyie ypaBHeHUS :

(14)

snekTpuyeckoro (E.,) mu marautHoro (H.n)
nons emeé o Hac B [22] B BuAe 3HaAUeHMIT
0E_.. /0t u 0H_ /0t TONBKO IOA APYIrMM Ha3Ba-
HMIEM.

Ha ocHOBaHMM 3TMX BEIMUYUH C YYETOM TOTO,
YTO CTOPOHHME HalIPSDKEHHOCTY 3IEKTPUYECKUX U
MarHUTHBIX I10JIeJi He OTPaKAKTCS B BUJIE peallb-
HBIX 3JIEKTPOMarHUTHBIX I10JIei 10 KOOpAMHAaTaM
IJIMHBL (HET TO0J, HUX PeasibHbIX 3apsioB U TOKOB)
MO>KHO HammcaTh paBeHCTBa mucxos us (15):

(16)

MwuHKOBCKUM (r=ct). YpaBHeHUsI (14) — 3TO TOXe He
Halla BbIAYMKA, HEUTO MOJ06HOe, HO C B3SITHMEM
MIPOU3BOJHON 10 BPEMEHM B KOMIJIEKCHOM BuUAe
OBIJIO CIIeJIaHO B KJIACCUUECKO 37IeKTPOAVHAMMUKE
[23]:

—M? = iwuyj>" + 1/(iwey) grad div  j>-" + ,05°-¢" /ot — rot  j™-T, an
—M" = iweyj>-" + 1/(iwpy) grad div  j*-" + £,0j™-"/dt —rot j>-°T .

31ech uMeeM ypaBHeHMS ['elbMrosbiia B BUAE:
V2H —1/c?0%H/9t? = —M™,

V2E — 1/c?0%E/0t?> = —M° .
IToHsSTHO, UTO 3HaUeHUs M u M? DO/KHBI MUMETb
IIpeficTaBjieHe B BUIE BOJHOBBIX 3J€KTpOMar-
HUTHBIX COCTaBJISIONINX, KAK UCXOIHbIE 3HAUEHUS

(18)

3JIEKTPOMAarHMUTHBIX BOJIH, TO ecTb M"=H, u M°=E,.
B mpoTMBHOM ciiydae npyroit Bun (YyHKIMII He
J1acT paBeHCTBO.

B [5] Takke ITOKa3aHO, UTO BOJHOBBIE 3JIEKTPO-
MarHuTHbIE MPOLECChl BBIPAKAKTCS aHAIOTUUYHO
u yepe3 BeKTOp nmoTeHuuasnbl (O, A) B BUfe:

i(VZE — 1/c?0%E/0t?) = —icug grad @, — uy0® /ot + rot  A;

icugE = —icuy grad &, — py0® /0t +rot 4;

V2E — 1/c?0%E/0t? = cu,E;

19

iH/gy = —icggrad A, — 0A/0t + 1/eqrot ;.

VHbIMM clloBaMy, B IIPOTMBOIIOIOKHOCTY BeK-
TOP-NOTEHIMAJbl, BBEOEHHbIE B KIACCUIECKOI
371eKTPOIMHAMMKe, SIBJISIFOTCS] aHaJI0OTaMy CTOPOH-
HUX TOKOB ¥ OTOOPAsKAIOT JIEKTPOHHBIE Y MIOOH-
Hble HEMTPUHO U QHTUHEWNTPUHO B IPOTUBOIIO-
JIOSKHOCTY, KOTOPBIE U SIBJISIIOTCST BO3OYIUTENIIMU
371eKTPOMarHUTHBIX BOJH B Halleil cucreme
Hab6smoneHus1. COOTBETCTBEHHO B [5] Takke MOKa-
3aHO, KaK BTOpoe ypaBHeHue B (19) cBsg3aHO C
ypaBHEHMSIMU B cucTeMme [dyupaka [Jis ONMMUCAHUS
KOPITYCKYJISIPHBIX ~ CBOMCTB. COOCTBEHHO B

KBaHTOBOJ MeXaHMKe TaKxkKe I[IpeJiio1araeTcs, 4To
YpaBHeHMS] HEMTPUHO U aHTUHENTPUHO NosyYa-
I0TCS U3 YpaBHeHMI1 B cucteMe [lypaka npy macce
TOKOSI paBHOM HyJIO [24].

OpHako, HampuMep, 3JI€KTPOHHOE aHTUHENi-
TPUHO, IIpeJICTaB/JIeHHOe B BUJe UCTOYHMKA U 110~
[JIOTUTEJIS], KaK 3TO BUAHO U3 BTOPOI'O YpaBHEHMS
B (19), macT cyiuecTBOBaHME TOJBKO OJHOM KOM-
IIOHEHTBHI, HallpMMep, 3JIeKTPUUECKO COCTaBIISIO-
1€l 5JIeKTPOHA, B CUCTeMe ypaBHeHui1 [lupaka.

U Takoit moaxo[1 o3Hauas 6bl OTCYTCTBUE CBSI3U
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37I€KTPUYECKUX ¥ MarHUTHBIX COCTaBIISIIOLINX U3-
3a IIpe/iCTaBIeHNs 3JIeKTPOHA 6e3 MarHUTHOM CO-
craBiswniein. Tak Kak B cucteMe ypaBHeHUM u-
paka MPUCYTCTBYIOT YeTbipe ypaBHEHUS, TO OT-
CI0Jla OCTA€TCSl BAPUAHT, IPU KOTOPOM 3JIEKTPOH
XapakTepu3yeTcsi Ha OCHOBE B3aMMOJENCTBUS
JIBYX (M3 ILIeCTM) OCTABILINXCS YCOBEPIIEeHCTBOBAH-
HbIX ypaBHeHMI1 MakcBesjia - 3JIeKTPOHHOr'O aH-
TUHENTPUHO U MIOOHHOTO HeiTpuHO. [ToOHSATHO,
YTO omycaHue 06bEKTa TOJbKO Ha OCHOBE 4-X yCO-
BEepILIEHCTBOBAHHBIX ypaBHeHMI MakcBe/ia 3a-
MKHYTbIﬁ By 4aCTUILIbI B AMMTHaAMMKE U3JIyUYEeHUS U
MorJjoumeHns B INPUMHINUIIE OATb HE MOXeT, YTO
HEMMHYeMO Bejio 6bI K pacragy. Takum o6pasom,
UCTOUYHUKU U3JTyYE€HUS U TOTJIOIIEHUSI B CUCTEME
ypaBHeHUl [Iupaxa, BbIpakeHHbIe yepe3 Maccy,
cBSI3aHbI ¢ hopmupoBauuem E(¥,,¥,) n H(W;, ¥,)
COCTaB/SIIOIIMX Ha OCHOBE 3TUX ABYX YpaBHEHUIA
37IEKTPOHHOTO aHTMHENTPMHO U  MIOOHHOIO
HEMTPUHO, KOTOPbIE B MPOTUBOIOI0XHOCTH JAIOT
3MIeKTPOMAarHuTHyI BoJiHy. ClieloBaTesNbHO, 06-
MeH 3JIEKTPOHA (MTO3UTPOHA) C BHEITHUMU 00beK-
TaMM OCYILECTBJISIETCSI HA OCHOBE UETBhIPEX YCO-
BEpIIeHCTBOBAHHBIX ypaBHeHUIi MakcBesna, KO-
TOpBIE COOTBETCTBYIOT 0ObEKTAM BM[Ia JIEKTPOH-
HBIX Y MIOOHHBIX HEITPUHO (AHTUHENTPUHO), UTO
naéT B cucteMe JIMpaka yeTbipe ypaBHeHMS, a ABa
OCTaBUIMXCSI yPaBHEHUSI XapaKTepU3yIOT caM
9JIEKTPOH KaK OOBEKT uepe3 MCTOUHUKU U3JTyue-
HUSL U TIOTJIOILEHMS COCTaB/SIOIIMX 3/IeKTpoMar-
HUTHOTO 110J1s E 1 H, 4TO BBIPaXXEHO B BUE MaCChI
06beKTa BO BCeX UETHIPEX YpaBHEHUSIX B CUCTEME
Idvipaka Ha OCHOBe KOHCTAQHT 3JIEKTPUUECKON U
MarHuTHOM MIPOHUIIAeMOCTH.

EnuHCTBEHHBIMM MCTOYHMKAMM, MCKIIOYalo-
UMM OZHOOOPA3HBIN BU, C MPeICTaB/lIeHeM B

iH = (1 —v,,%/c*)(icgrad A, + 0A/dt) —rot @;
iE = 1/[c*(1 = vyp?/c)](ic grad @, + 0P/0t) + rot A.

31mech BEKTOP — MOTeHIIMa/bl A 1 @ mpu CBI3U
®=cA xapaKTepu3yrT Yyepe3 KOHCTAHTbI 3JIEKTPU -
YyeCcKOM ¥ MAarHUTHOM NPOHUIIAEMOCTU WHTe-
rpajbHO€e IBIDKEHME B MPOTMBOIIOJIOXKHOCTY IJIST
XapaKTePUCTUKU COCTABJISIIOIIMX 3JIEKTPUUECKOTO
M MarHMTHOTO I10JIsT 3/IeMeHTapHO yacTuipl. [Tpu
HOPMMPOBKE K OJMHAKOBOI MO KOJNYECTBY

BU€e TPOTUBOMOJIOKHBIX 3apsiiOB 37eCh MOTYT
BBICTYNATh TOJBKO IJIMHA U BpeMsl, KOTOpble MOoJ -
YMHSIOTCS TpeobpasoBanusam Jlopenna o CTO u
OTO DJiiHIITeliHA, ¥ OHM OTOGpakalOTCS B BUIE
Macchl (TI0 Halleil TeopuM macca 3TO OOpaTHO-
MPONOPLMOHAIbHAS BeJIMYMHA CKOPOCTH, KOTO-
pas BelpaxkaeTcs uepes IAMHY 1 Bpems). [Ipy aTom
KOHCTaHTbI 2JIEKTPUUECKOI M MarHUTHOM MTPOHU -
LIaeMOCTU OINpefessioTCSI Ha OCHOBAHUM BeJU-
YMHBI KUHETUYECKON SHepruy B MPOTUBOIIOJIOXK-
HOCTHU, BBIPaXEHHOI 4yepe3 yCpeLHEHHOE MHTe-
rpajibHOE 3HaUYeHME CKOPOCTU B MPOTUBOIOIOXK-
HOCTU Vyp. VIHOE 03HAYaNIO ObI OTCYTCTBUE CBSI3U
MIPOCTPAHCTBa M BpeMEeHU C 3JIeKTPOMarHMTHbIMU
COCTaBJISTIOIIUMNA.

OTMeTUM TaxKe, YTO IIpeLiCTaB/IeHN e BCeX Ie-
CTU YCOBEPILIEHCTBOBAHHBIX ypaBHeHMIT Makc-
BeJ/Ia B OAMHAKOBOM BUJIe B CUCTEMe YpaBHEHUI
Iaymo 6bl TONTHKO ACCOLMATUBHOE CJIOKEHUE WU
BbIuMTaHMe 6e3 B3auMomeiicTBus. Tak Kak Gpusu-
YyeCcKM YypaBHEHUS D3JeKTPOHHBIX M MIOOHHBIX
HENTPUHO ¥ aHTUHENTPUHO COOTBETCTBYIOT (HOp-
mupoBaHuio cuiibl KynoHna u cuibl JIopeHia (Kak
CUJIBI TIPOTUBONENCTBUS) [8], TO MMeeM IOIHYIO
KapTUHY B3aMMOJENCTBMSI Ha OCHOBE CUCTEMBbI
ypaBHeHMI [lupaka ¢ HaJiMuuem BHEIIHUX CUJI B
Bune cuibl KymoHa u cunbl JlopeHiia ¢ cobioge-
Huem CTO u OTO JitHuTeliHA.

[TokarkeM, 4TO aHaJIOTMYHas CBA3b CUIbI Ky-
JoHa ¥ JIopeH1]a IPUCYTCTBYET B TPOTUBOIIOIOX-
HocTH, Takke ¢ ydétoMm CTO m OTO. C 3101 1Lebio
BBINIMIIEM YPaBHEHMS [J1s1 3JIEKTPUUECKON U Mar-
HUTHOM COCTaBJSIONIMX HA OCHOBE BTOPOTO U T0-
cnenHero ypaBHeHus B (19) ¢ yuétom TOro, 4to

g9 = (1= vy /P2 = 1/(uoC?):

(20)

BeJIMUMHE B IMPOTUBOIOIOXHOCTSIX 4Yepe3 CKO-
POCTb CBETA U C YUETOM TOrO, 4TO E 1 H— 3TO 1po-
TUBOIIOJIO)KHOCTY, KOTOpPbIE OKa3bIBalOT [OpPYr
IPYTy TIPOTUBOJIENICTBME, UYTO BbIpAXKAeTCsl yepes
MMPOTUBOIIOJIOKHBIE 3HAKM B M3MEHEHUU II0 Bpe-
MeHM B ypaBHeHMSIX MaKcBeia M OGHYJIEHUY Be-
JIMYMH B C1y4ae v,,=0, nosmyymm:

iH = —(1—v,,%/c*)(icgrad A, + 0A/dt) —crot A;

iH = icE = (icgrad A, + 0A/0t)/(1 = v,°/c?) +crot A;
iH = 1/2[-(1 = v,,°/c?)(ic grad A, + 0A/0t) +

@1

+(ic grad A, + 0A/0t) /(1 = vy,%/c®)].

WHbIMM C/IOBAMM, OAVH U TOT Ke IIPOLIeCC ABM-
SKEHMST yepe3 ypaBHEHMe HelPePbhIBHOCTY B IIPO-
TMBOIIOJIOKHOCTM [AET IMPOCTPAHCTBEHHO-BpE-
MEHHOE WMCKPUBJIEHME C O0OpaTHO-MPONOPLMO-
HaJbHBIM 3aKOHOM WM3MEHEeHMsI IS IJIMHBI U

BpemeHnu 1o CTO DiiHiuTeiiHa. IIpy 3TOM MCTOU-
HUKM (OPMUPOBAHUST 3JEKTPOMATrHUTHBIX KOM-
TOHeHT cBs3aHbl ypaBHeHueM H=cE. B npotus-
HOM C/TyJae He OyJeT cobI0aaThCsl 3aKOH CoXpa-
HeHUSI KojauuecTBa Mexay Humu. Takke Mbl
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BbIpasuiu sHaueHus @ 1 A uepes eqUMHOOOGPa3HbIIA
HOPMMPOBAHHbII BUJ Ha OCHOBAaHMM pPaBEHCTBA
1o reoMeTpun MMHKOBCKOTO Bua r=ct, HO B IIpO-
TUBOMOJIOKHOCTH. U (hakTMUeCKM paccMaTpUBaeM
B IPOTMBOIIOJIOKHOCTU IIPU BeKTOP-IIOTeHIIMaIax
® u A gBe cuctembl KoopauHat kak B CTO pjs
JJIMHBI U BpeMeHN C OBVMJKEeHMeM O,HHOﬁ OTHOCU -
TEJIbHO JPYToli CO CKOPOCTBIO Vp,. Terneppb yuTém,
YTO 110 [25] IVIOTHOCTD 3apsifia U3MEeHSIeTCs B 3aBU-
CUMOCTY OT CKOPOCTH JABVSKEeHUS V 110 (popmyrie:
p'=pi /(A =V [+ p_(1—v*/cH)Y?]. (22)
[MpakTU4ecku IJIOTHOCTU MPOTUBOIIOIOXKHBIX
3apsamoB 1o oTHomweHuto K CTO DOiiHumITeliHa
MMEIOT aHaJIOTUUHYI0 3aBMCUMOCTh Kak BpeMs U

JuHa. Tak Kak p_ = —p,, TO IIOJIy4yaeM IIpyu IIpu-
BeIEHNM K 00IIIeMY 3HAMEeHAaTEJII0:
r_ 1,2 /.2Y1/2 _ 2 /02Y1/27 —
p'=ps /(A —v?/c?) pr(1—v?/c?)V?] 23)

= p+(v?/c*)/(1 —v?/c*)/2

OTcloma no aHa/JIorMMU Mbl pacCMaTpPUBAaEM U3-
MEeHEeHMsI 3HaUeHUI BEeKTOP-MOTeHINANoB p,"P =
cigrad Ay n p_" = cdA/d(ct) KaK NPOTUBOIIO-
JIOKHbBIE TFIOTHOCTM 3apsiIOB, TaK Kak UX 06paso-
BaHMe CBSI3aHO C pa3HbIMM MPOeKUMSIMU A: B Of-
HOM CJIyyae II0 BpeMeHM, a B APYroM ciydae I10
JIJIMHe.

Ho wu3MeHeHMe BeKTOp IOTeHIMaja A
(3TO O3HAuaeT Iepexon B IPOTUBOIIOJIOXKHOCTD)
JIaéT elHoe obiree 3HauyeHye
Pup = [ci grad A+ 0A/0t], YTO TOBOPUT O TOM,
YTO IIPOTUBOIIOJIOXKHBIE BEJIVUYMHBI OT IIPOTUBO-
[IOJIOKHOJM CMCTEMbI HAONIOLEeHMs B Hallleil Cu-
cTeMe HaOTIOeHUS SIBSIIOTCS eOUHBIM IIe/IbIM U
3TO COOTBeTCTBYeT p* = div E,. B urore, nony-
UMM COBIIalEHNE C OTHOCUTEIBbHOCTHIO MarHuT-
HBIX U JIEKTPUUECKUX 110J1e¥i [25], HO B 3aBUCUMO-
CTU OT CKOPOCTH B IIPOTVBOIIOJIOKHOCTH

1/ [—(1 = vyp? /e (ic grad A+ 0A/0¢) +

+(icgrad A+ 0A/dt)/(1 — Unpz/cz)l/z] _
=1/2[igrad A+ 8A/(ct)]vy,?/[c?(1 — vyp?/c?)V?] =
= pnpvan/[CZ(l _ van/CZ)l/Z].

[TosryyeHHOE COOTBETCTBYET (23), HO OT/INYME B
TOM, YTO M3HAYAJIbHO 3JIeKTPUYECKME U MArHUT-
Hble COCTAaBJISIIOIIME Cpelibl OTIpeesIloTCS Ha OC-
HOBE KOHCTAHT 37IeKTPUIEeCKO 1 MAarHUTHOI ITPO-
HUIIAeMOCTU OT OBVWDKEHMS B MPOTUBOIOIOXHO-
ctu. IIpu sTom BekTOop noreHnuansl @ u A (B 3a-
BUCUMOCTU OT CUCTEMBI Ha6II0IeHNS)
BBICTYIIAIOT KaK BpeMs U JJIMHa (3apsiibl M TOKK),
YTO TOKEe He Hallla BbIAYMKa [26]. HamomHMMm, 4TO
Mpu BbIpakeHUU cuiibl JIopeHia, yepes cuiy Ky-
JIOHa TIpU [JBMKEHUM MMeeM YypaBHeHUe
F. = q%/(4meyr?), m TOorma cuia JlopeHia -
F, = q[vpuoH] = q*v?/(goc?4mr?). B aTOM CiIyuae
TaKKe pacCMaTpPUBAETCS BAPUAHT IBYX CUCTEM OT-
cuéTa (MOABMKHOM M HEMOABIKHOI) B OTHOM CI-
creMe HabmoneHus. Ecim npegcTaBuTh, 4TO B CU-
cTeMe HaAOGMIOOEHMSI OT MPOTUBOIIONIOXKHOCTU Be-
JIMYMHA TI0 YpaBHEHUIO (24) xapaKkTepusyeT CUITy
JlopeH1ia, TO mepecuuMTaHHas BeauumuHa cuibl Ky-
JIOHA U3 HEeTOABVDKHON CUCTEeMbI KOOPAMHAT B T0-
IBIDKHYIO OygeT xapakTepusoBaTh cuity KyrmoHa
ripu cBsasu: Fr=Fy/(1-vp,2/c2) V2.

WHbIMM CJIOBaMU, MUMeeM CUMMMeTpuIo pusmye-
CKMX 3aKOHOB B TMPOTUBOIOJOXHOCTX. OTCioAa
ob6pa3oBaHMe MEKTPUUECKUX Y MATHUTHBIX KOM-
TIOHEHT y 00bEKTA B Hallleli cucTeMe HabBII0oeH NS,
yTo BeHET K cuie KynoHa u JlopeHiia, CBSI3aHO C
IBIDKEHMEM B IMTPOTUBOMONIOXHOCTH, TJIe CKOPOCTh
Vpp B Hallleii cucTeMe Ha6JIIomeHMUs IpeICTaBIs-
eTCsl B BUJIe KOHCTAHT 3JIEKTPUUYECKOM U MarHuT-
HOJ IIPOHULIA€MOCTHU II0 YCOBEPUIEeHCTBOBAHHBIM

(24)

ypaBHeHUsIM MakcBessia uepe3 BeKTOpP-TIOTEHII-
asbel A u @, 1 HA06OPOT.

U 3TO MO3BO/ISIET ONUCHLIBATh BCE BO3MOXKHBIE
BapMaHThI IBVSKEHMS JIIOOBIX 0ObEKTOB Ha OCHOBE
B3aMMOJENCTBUS JEeKTPOHHBIX U MIOOHHBIX
HEMTPUMHO ¥ aHTUHENTPUHO KaK IPOCTEMIINX
06beKTOB MUpOo3maHus C IepexoqoM OT 3aMKHY-
TOI'O ABVDKEHUS K HpHMO]'II/IHeI'/J[HOMy ABVDKEHUIO, U
Haob6opoT. Kpome TOro, Mbl BUAMUM, UTO OOBSICHE-
HMe GopMUPOBAHUST KOPITYCKY/ISIPHBIX CBOMCTB Ha
OCHOBE BOJTHOBBIX CBOJMCTB TpebyeT HaIUuus
MMEHHO YeThIPEX PAaBHOIPABHBIX CUCTEM HaAOJIIO-
IleHus1 dyepe3 OOIIMIT MPOCTPAHCTBEHHO-BpEMeH-
HOJM M 37eKTPOMAarHUTHBI KOHTUMHYYM C B3aUM-
HBIM IIpeo6pa3oBaHMeM KOMIIOHeHT (r,t, E, H).
VHavye 06GBSICHUTH 3JIEKTPOMArHUTHBIE CBOVCTBA
KOPITYCKYJISIPHOM YaCTUIIBI TUTIA JIEKTPOHA ObLIO
O6bI HEBO3MOXHO. 31ech, (pu3MKka oOMeHa uepes
Ha/lInuMe MPOTUBOMOJIOKHBIX 3apsfoB CBSI3aHa C
TeM, YTO M3JiydyaemMoe, HallpuMep, 3JIeKTPOHHOeE
aHTUMHENTPMHO OT IEpPBOro 3apspa Mo CUCTEME
ypaBHeHMI [Iupaka JO/IKHO MOrIOWAThCS IPYTUM
MPOTUBOMOJIOKHBIM 3apSiIOM, ¥ OLHOBPEMEHHO
UOET TOIJIOUIeHMe TepPBOHAYaAIbHBIM 3apsiioM
3JIEKTPOHHOTO HENTPMHO, KOTOPBINA M3TydaeTcs
MPOTMUBOIIOIOXKHBIM 3apsiloM. [IoueMy 3TO Tak Mbl
06bsicHuM B [27]. dakTHUUecKM Tak Ha3bIBaeMble
3apsiAbl BRICTYIIAIOT Peo6pPa30BaTeISIMU JJTeMEH-
TapHbIX OOBEKTOB, UTO COOCTBEHHO AHAJIOTMYHO
npeoOpa3oBaHMSIM, OCYILIECTBASIEMBIX TaKUMMU
MIPOTMUBOIIOJNIOKHOCTSIMM KaK JJIMHA M BPEMS B
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cootBeTcTBUM ¢ CTO DitHIITETHA.

HeticmeumensHo, eciu 661 NPOMUBONONOHHOCMU
He dasanu npeobpaszosaruii 00H020 8uda 006eKMmMos 8
Opyeoii 6ud, mo ux deticmaue Hesnb3s 6610 Obl OOHA-
pyXcume, u mozoa oax;e He ObL10 Obl peuu 00 UX cy-
wecmeosaHuu.

C y4éTOoM TOro, 4YTO MPOTUBOIIOJIOXHBIE 3a-
pAAbl HA OCHOBAaHMM 3JIEKTPOMArHMTHOI'O KOHTM-
HyyMa MMeIoT cBsI3b cuiabl KymoHa u cuibl Jlo-
peHIla yepe3 mpeobpasoBauus Jlopenia nmo CTO
DMHILITEVHA, TO aHAJIOTUS IIPOTUBOMOJIOXKHBIX 3a-
PSIOB C IPOTMBOTIOJIIOXKHOCTSIMU B BUZLE IJIMHBI U
BpeMeHM OUeBUAHA — U 3TO ObIIO Y3Ke CIeIaHo A0
Hac IIpy OMMUCAHUM IEKTPOMArHUTHOTO KOHTUHY-
yMa, 4YTO HaM¥ TOKa3aHo B [§].

OTcloma MOHSITHO, UYTO pellleHMe O BpalleHUn
371eKTPOHAa BOKPYr MPOTOHA HAZOo JejlaThb Ha OC-
HOBE B3aMMOI el CTBMS MaTeMaTU4IeCKX Mo esein
37IeKTPOHA ¥ TPOTOHA C YUETOM CUCTEMBI ypaBHe-
Huit Iupaka u ¢ yuétoM cui Kynona u JlopeHia. B
3TOM ciTyyae coboaeTcst KoHUenus Gopmmupo-
BaHMS CJIOKHBIX OOBEKTOB 3a CUET Iepexona OT
MPOCTbIX YpPaBHEHUI 37€KTPOHHBIX M MIOOHHBIX
HeNTPUHO (AaHTMHENTPUHO) K CUCTEMaM ypaBHe-
HUIA 4aCcTUILBI ¥ BOJMHBI. OMHAKO, HE CyMeB CO3[1aTh
NpaBUJbHbIE MaTeMaTu4eckye MOAenu OT Ipo-
CTOTO K CJIOKHOMY, (OM3UKM TIONLIU 110 6oJiee JIET-
KOMY ITyTU Yepe3 yIPOIEHHbIe MaTeMaTnueckue
MOJIeJIY B COOTBETCTBUM CO CTIEKTPaMU U3TyUeHUs
aTOMOB, M 9TO OLHO3HAYHO CBS3aHO C MOATOHKOW
IOJ, pe3ysbTar.

Iocne paccmomperHo20 gbiuie He06X00UMO NPo-
AHAMU3UpPo8ams camy Cymos maxux N0020HOK noo pe-
3yabmam, Komopole coenamsl 8 K8AHMOBOU U Kadac-
cuueckoll mexaHuxe.

IlepBass mOATrOHKA I10J Pe3y/IbTaT CBSI3aHa C
TeM, YTO yXXe€ M3HayaJIbHO He PaccMaTpuBaeTCs
MaTemMaTuyeckasi MOJe/ib OT IPOCTOTO K CJIOX-
HOMY, C omnpepeyieHneM cuibl KynoHa u JlopeH1a,
Ha OCHOBe yero ¢dopmupyeTrcs OBUXKeHUE 3jIeK-
TPOHA BOKPYT MPOTOHA.

Bropasi moaroHka Ioj pe3yabTaT Oblia CBSI-
3aHa C TeM, UTO B 3JIeMEHTapHO 6OPOBCKOI Teo-
pMM BOJLOPOJHOTO aToMa IapaMeTpbl Cpedbl B
BUle KOHCTAHT 3JIEKTPUYECKOV U MATHUTHOI
MIPOHMUIIAEMOCTH ObUIM TTOTIPOCTY YOpaHbI U3 pac-
YeTOB Ha OCHOBaHMM cucremsl usmepenus CI'C.
Ionyuanoce, umo cpedsl Kak maxkosoii Hem, UMmo u3-
HAuansHO yxe Npomugopeuusio Hanuuu camux KoH-
CMaHm 31eKmpu4eckoli U MazHUmMHoU NpoHUYyaemo-
cmu. M amo o3Hauaem, umo ob6sekm doseH 83au-
Modeticmgosams ¢ Opyeumu 00BeKMamMu  MUHYs
cpedy, umo yxe omuocumcs K uydecam. [eicTBuU-
TeJIbHO, ecJu U3 KJIacCMUYecKuX ypaBHEHUIA

MakcBesia yopaTh KOHCTaHTbBI 9JIEKTPUUECKON U
MarHMTHOM NMPOHNLIAeMOCTH (&, = 1, yy = 1), Kak
3TO cAe/iaHoO B cucteMme eauuu, usMmepenus CI'C
[28], TO MMeeM 061IEM3BECTHDBIE YPABHEHMSI:

rot H-—1/cdD/0t =rotH — 1/cdE /0t = 0;

rottE +1/cdB/ot =rotE + 1/cdH /0t = 0;

D =¢E =E; B=p,H =H,H = cE; (25)

rotH—1/c0E/0t = crotE — 1/cOE /0t = 0;

rotE+1/cOH/0t = rot E + 0E /0t = 0.

OTciofla, ecnM UCKIIOYUTH PasHUIy Ha CKO-
pOCTb CBeTa KaK KOHCTAHTHI, TO MOYYalOTCs ABa
NPOTUBOpeYalIuX APYr OPYrY YpaBHEHMS, Trhe
CyMMa ¥ Pa3sHOCTb OT IBYX OAVMHAKOBBIX BEJIMUNH
paBHbBI HyII0. UHBIMU C/IOBAaMU, TI0 TaKO MCeBA0
MaTeMaTuKe MOAyYyuMM, uyTo 5-5=0 m 5+5 TOKe
PaBHO HYJIIO TIPU OJHOM U TOJ K€ QYHKIMOHAJb-
HOM 3aBUCUMOCTU. DTOT IapaZoOKC TOBOPUT O
TOM, UTO CMICTEMBI U3MepeHUsI, IpUIyMaHHbIe
JIOObMM, BOOOIe HE COOTBETCTBYIOT peasib-
HOW cucTeMe U COOTHomeHusmM B Mwupospa-
HUMN.

TpeTbsi MOATOHKA IIOJ, pe3yabTaT KacaeTcs
TOTO0, YTO HE YUYUTHIBAETCS 3aBUCUMOCTb KOHCTAHT
37IeKTPUYECKON M MarHUTHOM MPOHUIIAEMOCTU OT
IBIDKeHUST (KMHETUUYECKOl 3Hepruu) B MPOTUBO-
MMOJIOKHOCTH, UTO COOCTBEHHO MCKIIIOUAeT Tepe-
X0, TIOTEHIMAJbHOM 3HEPIUU B KUHETUUECKYIO
SHEpPIUIo, U Toraa OOBSICHUTH Pa3HUIy Macc
MeXIy MPOTOHOM U 3JIeKTPOHOM HEBO3MOXKHO, a
3HAYUT HEe JOJIKHO ObI ObITh ¥ OPOUTAIBHOTO JIBU-
SKeHUS.

YeTBEpTas MOATOHKA I10] pe3y/IbTaT SIBUIACh
CenCTBMEM HaJIMYMS TPEX M3HAYAIbHBIX MOJTO-
HOK, KoTAa cwia JIopeHIla mpou3BOIbHO OblIa 3a-
MeHeHa [IeHTPobeskHOI cuiioit [29] Bupa:

F, = myw?r = mywv = myv?/r. (26)

Ha mepBblit B3I/, Ka3a/JI0Ch Obl, TaKas 3aMeHa
He OJKHA BIUSITh Ha Pe3yJbTar, Tak Kak cuia JIo-
peHIla U MeHTPobeskHas CUJIa 3aBUCST OT CKOPO-
ctu. Ho pasHuiia B Tom, 4To cuia JlopeHia sIBJs-
eTcs npou380o0Holl OT cuibl KyjioHa 1 HarpaBjieHa
TepHeHANKYISIPHO OT CKOPOCTU, MOJTYYeHHOM 3a
cuét cunbl Kynona. OgHOBpeMEHHO LIEHTPOOEXK-
Hasl cujia BO3HMKAeT TOJIbKO B Cyyae M3MeHeHUsI
HarpaBjeHUs OBVKEeHMS U CBSI3aHa C OTCYTCTBUEM
MOTepM KUHETUYECKON 3SHepPruu MpenbiayIlero
HanpapieHus. [103ToMy IIeHTpOOeKHas Cuia,
eC/iM y4ecThb IMPOoIecC M3IyYeHUs MO Kiaaccude-
CKOJt 2JIEKTPOAMHAMMKe, He MOXeT IpeaoTBpa-
TUTb TIafieHue 37IeKTpOHa Ha MpPOTOH, U He3aBU-
cuma oT cwibl KynoHa. [Ipyrumu cioBaMu, IjeH-
TpobeskHas Cujia He BIMCHIBAETCS B YCIOBYE IIPO-
CTPaHCTBEHHO-BPEMEHHOTO U 3JIeKTPOMAarHuT-
HOTO KOHTMHYyMa (HeT crocoba eé rpefcTaBie-
HMSI KaK KOMITOHEHTBHI OOIIEro KOHTMHYyYMa), U
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OTCIOIa OHAa He MMeeT CB3U ¢ cunamu JlopeHuia u
KynoHa ¥ mnpocTpaHCTBEHHO-BPEMEHHBIM WC-
KpuBjieHyeM. ENVHCTBEHHbII BapMaHT OObsICHE-
HUSI [IEHTPO6EKHO CUITBI MOKHO TIOJTYUUTD, €CIIN
e€ COIoCTaBUThb C cuiioi JIopeHiia, KoTopasi 3aBu-
CUT OT CKOPOCTHU ABUKEHMSI, TaK XXe KaK U LIeHTPo-
6eskHas cua.

B urore, npu noAroHke, B COOTBETCTBUM C CU-
creMoit usmepenuss CI'C 6e3 yuéTa mapaMeTpoB
cpefbl (Kak 3TO OTMeUeHO BbIIlie), B TeOPUU BOJIO-
pPOIIOTIOA06HOTO aTOMa 32 OCHOBY CBSI3U LI€HTPO-
OEeXXHBIX M JIEKTPUUECKUX CUJT ObLIa B3siTa (Op-
mysa:

mov?/r = q? /7. 27)
3nmech cnpaBa cwia KysnoHa Ha OCHOBE NIOTEH-
[IMAJIbHOM YHEPTUM, CJIeBa — IEHTPOOesKHAs CuIa
Ha OCHOBE KMHETUYECKOI SHEPTUM OT CKOPOCTHU
BpaieHusi. OTMETUM, UTO C 88edeHUEM 8 8ePOsim-
HOCIMHYI0 K8AHMOBYI0 MeXaHuky opbumaneti, ¢u-
3UKU (hakmuuecKu 0MKA3AAUCL OM YeHIMPOOeXCHO
cuvl. JpyrumMu cioBamu, MMeeT MeCTO HeOOHO-
3HaYHOCTb, UTO ¥ MPUBEJO K BbIAYMKE, YTO MPO-
1leccbl B MMKpPOMMpE He COOTBETCTBYIOT MpoIiec-
caMm B Makpomupe. [IOHATHO, YTO BeCb pacuér
MUIET HA OCHOBE MCIIOJb30BaHMS PaBeHCTBA II0-
TEHUMAJIbHON M KUHETUYeCKoM sHeprumu. Ecre-
CTBEHHO, YTO MPU ITOM PaguyC OPOUTHI MOXKET
ObITh T1006bIM. HoO cpa3y o6paTum BHMMAaHME Ha TO,
YTO TIOTEeHIMa/JbHAsI U KUHeTMUecKas SHeprus
MMEIT pa3HYKl 3aBUCUMOCTb OT pPacCTOSIHUS
(3mech mMacca MOKOS M 3apsif, — 9TO KOHCTaHTBHI),
YTO MAET MPU HAIUUMM UKCUPOBAHHOTO 3HAYe-
HUSI CKOPOCTU TOJIBKO OAHY YCTOMUMBYIO TOUKY
OpOUTHI TIPY PABEHCTBE MMOTEHIIMATbHON U KUHE-
TUYEeCKOM SHepTruu (8 6eposiMHOCMHOLI K8AHMOB0L
Mexanuke ymyodpunuce cdenams nodzoHKY 8 eude
«SIMbl» C 8ePOSIMHOCMHOLE 8071H0801TI pyHKyueli). TTpu
3TOM TIOJTYYaEeTCsI, UYTO YEM BBIIIE€ CKOPOCTH Y 00b-
eKTa (BbIllle ero KMHeTU4YecKas 3Heprus), Tem Ha
6osiee HM3KOM OpOUTE OH MOXKET HaXOIUThCH,
MHaye paBeHCTBa SHEPIUil He MOMYYUTh. JTO ecTe-
CTBEHHO O3HayaeT MapajiokC B CUIY TOTO, YTO B
PeaTbHOCTY OOBEKT M3JTyUaeT SHEPTUIO U Iepexo-
INUT Ha 6oJiee HU3KYIO OPOUTY C IMOTepeii KUHETH-
yecKoit sHepruu. EcrecTBeHHO, uTo dopmyna (27)
SIBJISIETCS MISATOM MOJATOHKON T0J, pe3y/bTar.

Illectass moAroHKa IOf, pe3yJibTaT chejlaHa
MUCXOHOSl U3 TOMBITKU MCKIIOUYEHUSI TSATON TMOJI-
TOHKM TIOf, pe3yabTaT C YYETOM MPAKTUKU IUC-
KPETHOIO CIIEKTPAJIbHOTO W3JydyeHUsT aTOMOB.
[Ipu 3TOM Cchenany 3amMeHy MMITyJIbCa U paguyca
BpallleHMs] yepe3 SKBMBAJIEHT SHEPIUM U3Tyye-
HMS, TPONOPLMOHAIBHOTO MOCTOSIHHOM [T1aHKa h:

myvr = nh. (28)

B sTomM ciydyae 3aBUCMMOCTb KMHETUYECKOW
SHEPTUM OT paamyca OpOUTHI CTajaa 00PATHO IMPO-
MOPLIMOHAIbHO KBagparty pagnuyca (1/r?), a 3aBu-
CUMMOCTD MOTEHIMAIbHOI SHEePrUy 06paTHO MpPO-
MopILMOoHanbHOM paguycy (1/r). B pesyibTaTe mo-
JIYImIv, 4eM 60oJIbllie KMHeTMYeCcKas SHepIrusl, TeM
6osbllle pagmMyc op6UTHL. DTa MOATOHKA IO, pe-
3y/IbTAT IIPOCTO He MMeeT 060CHOBAHMSI HY B KJ1ac-
CMYECKOi, HX B KBAHTOBOI MeXaHUKe.

MbI ke 0003HAYaeM, YTO OMCKPETHOCTb YiKe
orpejiejieHa HaauMuMeM KOHCTAaHT Mupo3smaHus
TaKuX KakK CKOPOCTb CBeTa U MocTossHHas [[naHka
U MMOHSATHO, YTO OHA CBsI3aHa C HAJIMYMEM KOPITYC-
KYJSIPHO-BOJIHOBOTO [Iyanu3ma, MpPU KOTOPOM
Jaxke 4yacTuUlle, HAXOASIIENCS B TOKOe MPUIUCHI-
BaeTCsl HaInuye IJIMHBI BOJHbI. OTCI0AA OAUCKPET-
HOCTb Y)Ke OIlpejesieHa KpaTHOCTbIO K JJIMHE
BOJIHBI, HO BOT 3aBUCUMOCTb KUHETUYECKOI 3HeP-
MM OT paguyca op6buTthsl Kak (1/r?) B oTauume OT
U3MeHeHUsI TIOTeHIMaTbHONI 3Heprum kaxk (1/r),
IOJDKHO MMEThb OObsICHEeHMe.

[ToHSITHO, UTO OOGBSICHUTH TAKYI Pa3HUILY C
TOUKU 3peHUs OLHOI TMPOTUBOMOJIOKHOCTU He-
BO3MOJXKHO, TaK KaK He COOJII0aeTcst 3aKOH COXpa-
HEHMST KOJMMYEeCTBA TPU IMpeobpasoBaHUM SHep-
TUit. Imo 06BsCHEeHUe MOXCHO NOJTYUUMb, €CIU CYU-
mamo, Umo ecmo 08e 27100a/1bHble NPOMUBONOI0MN -
HOCMu, CB8513aHHble 00pAMHO-NPONOPYUOHANBHOL
C6513b10.

C 3TMM, KCTaTH, CTOJKHYJIUCH IPU BpalleHUu
37IeKTPOHA BOKPYT IPOTOHA, MpU KOTOpPOM (IIpu
BpallleHMN) eCcTb U3IyyeHre KMHeTUUYeCKOit 3Hep-
T, a BOT BOCIIOJIHEHME SHEePTUU CTAJIO 3arajikoii.
Ha ocHoBaHuu storo Bop u BBIABUHYI CBOW U3-
BECTHbBI TOCTYJaT MO OTCYTCTBUIO U3TyUeHUS
371IeKTPOHOM KMHEeTUYeCKOoi 3Heprumu Ha JUCKPeT-
HbIX op6uTax. [IOHSITHO, YTO B 3TOM CJTy4ae 00bsIC-
HUTh M3MEHeHMe HaIlpaBJeHUSI TBVDKEHUS 00b-
eKTa 0e3 M3JTyYeHMS] SHEePTUU OT IPeIbIAYIIEero
HarpaBieHMs U TOTJIONeHUs SHepruu B HOBOM
HarpaBieHUM CTAaHOBUTCSI MPOCTO HEBO3MOKHO,
WIN OPpUAETCS MIPUAYMATh elé 4To-To. [Ipu aTom
B [30] M3HauyanbHO 47151 BEIBOJA ypaBHeHMs (28) uc-
MOJIb30BAJIOCh ypPaBHEHME TapMOHMYECKOTO OC-
UWJUISITOpA BUA:

p?/(2mg) + me(r2nf)?/2 = nhf.  (29)

OTcrofla MOXHO 3aMucaTh:

mo(r2nf)? = nhf; (30)
me2nfr? = mywr? = myvr = nh/(2n) = nh.

WubiMu ciioBamu, popmyiia (28) paccmaTpuBa-
eTCsl KaKk MpsSIMOe CIe[ICTBYE YpaBHEHUSI 110 U3JY-
yeHMo 3Hepruu (29). [lokazaHHOe Bblllie ONpeie-
JisseT cexbMVI0 MOATOHKY MO/, pe3yibTaT. [leso B
TOM, YTO 3HEPrusi TapMOHNYECKOTO OCHWIISITOPA
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omnpegensetcs dopmynoii [31]:
E=V+T.

3nech V — 3TO NOTeHUMATIbHAS SHEPIUS, KOTO-
pas omnpenessieTcst GOpMYIIOii:

V = myw?r? cos?(wt)/2. (32)

Benuuuna T — xapakTepusyeT KMHETUYECKYIO
SHePTUIO U oTipeesiseTcs: Gopmyoit:

T = myw?r? sin?( wt)/2. (33)

3HaueHMue E XapaKTepu3yeT SHEPIUIO U3JTyde-
HUSI; B pe3yJibTaTe MUMeeM:

E=V+T=myw?r?/2. (34)

NubiMu cioBamu, otanuue Mexnay (29) u (34)
Ha Y2, Ipu4éM 3TO BbIAYMaJ/IM HE Mbl. DTO OT/IMUME
CBSI3aHO C Te€M, UTO B (29) He yUUTHIBAJIOCH, UYTO 06-
Iee 3HAUYeHMe CKOPOCTel MO OCSIM KOOpAMHAT
MMeeT 3aBMCUMOCTb B KBaZpaType MO CUHYCY U
KocuHycy. Kpome TOro, mcxopasi U3 ypaBHeHUS
Hoiorona F=ma, E=mv*2, TO eCTb KMHeTHUYECKAas
3HePTUs Kak Mpy MOIJIOLIeHUM TakK U P U3Tyde-
HUU, — 9TO Pe3yJbTaT BO3AEICTBUS CUJIbI, UTO U
naéet usmeHenus. Ecau E=0, a B3auMopeiicTBue
OCTaéTCsl, UTO O3HAYAeT JBVDKEHME IO opouTe, U
37eChb TOJbKO OAMH Tepexol B IMOTEeHIMATbHYIO
SHEPTUIO, U 3TO AAET pasnuuue ¢ (27) Ha 1/2. Of-
HaKo, OTMEeTMM, UTO BBbIBOJ, ypaBHeHUs (28)
MOSKHO MOJTYUUTb MHBIM CIIOCO60M Ha OCHOBE ap-
TYMEHTA SKCIIOHEHIMATbHOM (PYHKINUM paBHBIM
HYJIIO C YUETOM 1 = ct = c/f B BUJe:

Et —pr =0; Et = pr; (35)
hft = pr = pct; hf =pc;h/p =c/f = A

34ech MMeeM BapMaHT CBSI3U KMHETUYeCKON U
MOTEeHIIMAIBHOI SHepruu 6e3 MpuHLMIIa 06paso-
BaHUSI KMHETUUYECKOV SHepTUM OT BO3IeNCTBUS
CUJIBI TI0 YpaBHEHMIO TaMuibTOHA-IK06M, TO €CTh
daktuueckn E=hf=pc. To ecTb UMIYIbC MPOIIOP-
IIMOHAJIeH SHepruu yepe3 CKOPOCTh CBeTa, U 3TO
He orpejesieT B3auMMO/IeiiCTBME C BpallleHueM —
3TO COOTBETCTBYeT M3BecTHOI (opmyne Jlyu me
Bpoinst gnsi NpSIMONMHENHO [BVOKYIIENCS d4a-
CTULBI [32]:

A=c/f =cT =r =2nh/p. (36)

WHbIMK c10BaMM, 3[eCh IJIMHA BOJIHBI, B IIPO-
TUBOIIOJIOKHOCTHM, OIIpefeNsieTcsl B Haleit cu-
cTeMe HAGTIONeHUs BEJIMYMHOM Macchl TOKOS U
CKOPOCTBIO, ¥ MMEHHO 3TO AAET MMITyJbC. IIpu
pacCMOTpPeHUM U3 IMTPOTUBOIMOIOKHOCTY C YUETOM
TOTO, UTO IPOTMBOIIOJIOKHOCTM CBSI3aHbI uepe3
CKOpOCTh CBeTa Ipu 3HaueHuu v=0 B HaIiei cu-
cTeMe HabmmomeHuss 6yIeM MMETb SKBUBAJIEHT
vp=C. OTcCloga }MeeM MW3BEeCTHOe YypaBHEHUeE
moc?=hf, 11 YaCTULIBI C MACCOJ TOKOS.

To ecmb popmynst JIyu de Bpotina umerom o60c-
HOBAHUE MOJIbKO C yUEMOM NPomueonoioxcHocmel,
CBS13aHHbLX Hepe3 CKOpoCcmb ceemd.

W panee ecim cuyuTaTh, UYTO Mbl MMeEM

KPYTOBOE ABMKeHMe B apryMeHTe GyHKLIUY (a 3TO
TOXe€ He Hallla BbIAYMKa M MCIIOAb3YeTCs IIpU
oIpefeleH MarHUTHOTO MOMEHTa IpU CBepx-
IIPOBOAVIMOCTH [33]), TO IIOJIYYMUM COOTBETCTBUE C
(28) u (35) B BUzE:
A =cT =2nr; 2nrp = 2mh;
myvr = h; myv,1, = nh.

(37

Opyrumu cioBamu gjst dopmyiabl Jlyu me
bpoiing myist onucaHus COOTBETCTBUSI MeXaHU4Ye-
CKOTO MOMEHTa MMIMYJIbCa BeJNYMHEe KpaTHOM nh
OCYIIeCTBJIEH Mepexo, OT MPSIMOJIVMHENHOTO IBU-
SKEHUSI CO CKOPOCTBHIO V K 3aMKHYTOMY JBVKEHUIO
C BBIMIOJIHEHMEM TOTO 3kKe caMoro 3akoHa. [Ipu
3TOM, eCJi1 110 ypaBHeHM10 HbI0TOHA yUMThIBAETCS
TOJIbKO JieficTBYe 6e3 MPOTUBOAEICTBYMS, TO BOJTHA
JIyu ne Bpoiinst onuchiBaeT Kak U3TyuyeHue KuHe-
TUYECKO 9HepTruM, CBSI3aHHOE CO CMEHOI
HallpaBJIeHMs, TaK U IIOIJIOLIeHMe KMHeTUYeCcKoi
SHePTUM, KOTopoe GopMUpyeTCst OT Ipeodbpa3oBa-
HMSI IOTEHLMAIbHOM 3HepTruy (a MHAUe 3TO ObUI
ObI TTPOCTO HOJb). OTCIONA OT M3ITyUYEHUST TOJIBKO
KMHETUYECKOl SHepruM Hamo ObUIO 3ammucaTth
myv,t,/2 = nh/2. CloxXeHre KMHETUYECKON U T0-
TEHLMA/JIbHOV SHEPTrUM C BBIIOJHEHMEM paBeH-
CTBa MEXIy WM3JydeHMEeM U IMOIJOIeHNeM IaéT
3Ha4yeHue myv,n, = nh. Tak Kak usnyuyeHue u Io-
TJIOLleHMe pPaBHbI APYT APYyry, MO3TOMY MbI B
Hallleil cucTeme Hab oaeHus BoJiH JIyu e Bpoiins
He HabO/MogaeM. DTO KCTAaTU COOTBETCTBYET TOMY,
YTO SHEPTMs MepBOii GOPOBCKOIT OPOUTHI HE MO-
KT PaBHSITHCS HYJIO, a UMeeT BeJIMUMHY, CBSI3aH-
HYIO0 ¢ h/2, TaK KaK HeoOXOIUMO JOOUTHCS OTCYT-
CTBUS ABWXKEHUS U B MIPOTUBOIIONOXHOCTU. To
eCTh pe3y/JbTaT TepMOAMHAMMNYECKOTO paBHOBE-
cus o dhopmyiie IlnaHka CBSI3aH C TeM, YTO U3IY-
yeHMe 3a CUET OPOUTATBHOTO IBVOKEHUS B HaIIel
cucTeMe HaGJIOAeHMSI KOMIIEHCUPYETCS TOUHO Ta-
KMM Xe OBVMJKeHMeM C U3JIydYeHMeM B IIPOTUBOIIO-
JIOKHOM cycTeMe HaOIIoIeHMsI, M 9TO IBUKEHNE B
MPOTUBOIIONIOKHOCTU (UKCUPYETCST B BUe IIO-
TEHIIMAJIbHOM SHEPTUM B BUIE Pa3HULBI Macc
MeKIy MPOTOHOM U 3JIEKTPOHOM.

Ucxopsa us (28) ciemgyer, UTO OUCKpeTU3aLUS
nh MO SHEPreTMYECKUM YPOBHSIM OpOUT ompefe-
JISIeTCSl 3HaUYeHUSIMMU CKOPOCTU M pajgmuyca, a 3Tu
BEJIMUMHBI TTOTUMHSIOTCS TTpeobpasoBauusm Jlo-
penua no CTO JiiHiuTeliHa. ONHOBPEMEHHO, 3THU
BenuuHbl 110 OTO DiHIITeHA (YTO ITOKAa3aHO B
Halleii Teopum) CBSI3aHbl C KOHCTAHTAMM 3JIEKTPU -
YeCKOJ M MarHMTHOM MPOHUIAeMOCTH, KOTOpbIE
OTPaKAIT MNPOCTPAHCTBEHHO-BPEMEHHOE  WC-
KpUBJIEHME OT KWHETUUEeCKO 3HepTUU B TPOTUBO-
MOJIOKHOCTU. HO 3TO 6bIIO NTPOUTHOPUPOBAHO B
KBAaHTOBOJ MeXaHMKe M TIpu IOATOHKe BUAA
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myv? = q?/r 6bUIO TIONYYEHO YpaBHEHMeE:
mo2v?r? /(mer3) = n?h?/(myr3) = q%/r%. (38)
[Tocne moacTaHOBKM, Npu n=1, DOAYy4YUINU pa-
JTAYC TIepBO¥i OPOUTHI BOLOPOHOTO aTOMa:
1o = h?/(myq?) = 0,529 A = 5,29 - 107*'m. (39)
OpHako JaHHBIN pe3yabTaT OCHOBAH HA HaIu-
YMy 3HAYEHUI KOHCTAHT 6e3 ydyéTra ImapamMeTpoB
cpenbl M GaKTUYECKY 3aBUCUT OT CUCTEMBI M3Me-
peHus. B Tore mosiydaTcsi HEOJJHO3HAYHOCTD, TaK
Kak 10 Teopuu [Iypaka mpy BbIBOJIE €r0 CUCTEMbI
YpaBHEHUI U3 ypaBHEHMS SHeprum DIHILITEeHa
3HayeHue 3apsma qg=*1 (IONYTHO OTMETUM,
UTO TIOJ 3apsiy, B YpaBHeHUM ODVHIITeHA HeT
SHepruu Ajis CWIOBOTO Bo3aelicTBus). U ecnu uc-
XOAUTDb U3 Hallell Teopuu [3], ¢ y4ETOM TOTO, UYTO
h =2mh =my, =1/c,q = 1, TO IOJIy4nM:
1y = h/(21). (40)
IOpyrummu cl1oBaMy, MIPU UCIOJIb30BaHUM CU-
cTeMbl M3MepeHus: Muposganus, rae ecTb TOJMbKO
KOJIMYEeCTBO M 3aKOHOMEPHOCTH, Paauyc IepBOii
OGOpOBCKOJ OPOMUTHI OKA3bIBAETCS MEHbIIE, YeM
nocrosiHHag IlnaHka, n 3To nmapagokc. Ecau cum-
TaTh, UTO B Hallleil cucTeMe HabGIIOMEeHUS MUHMU-
MaJIbHbIV pasMep He MOKeT ObITh MeHee IOCTOSTH-
Hoit Ilnmanka h, Tak Kak no dopmyne Jlyu ne
Bpoitns (36) rp=h, To ¢ yuéToM Haiuei Teopun [3]
pu me=1/c monyuum ry = h?/(mgq?) = h. OT™me-
TUM, UTO B KJIACCUUECKOJ 3JIEKTPOAVHAMUKe [34]
panuyc 3JIeKTpOHa BhIUMc/sIeTcs o hopmyiie:
n, = q%/(Mmyc®) = 2,810 Pm. (41)
C yuéToM Haleit teopun , = q2/(myc?) = h, u
3Ta BeJIMYMHA COOTBETCTBYET JIOTUKE, TI0 KOTOPO¥A
MVHUMAaJIbHBII 0OBEKT ITOIKEH ObITh COU3MEPUM
C MOCTOSIHHOV [InaHKa, Tak Kak MeHble HUYero
6bITh HEe MOkeT. OZHAKO, ¥ B 9TOM C/Iyyae B KBaH-
TOBOJ MeXaHMKe ToyJyaeTcs napagokc, o KOTo-
pOMY pammuyc TepBOii 60POBCKOV OpOUTHI paBeH
MUHMMAaJIbHOMY 3HAuYeHMIO B BUJIe TIOCTOSIHHOI
ITnauka ry = 2nh = h. @akKTUYECKU 3TO O3HAYaeT
BOCBMYIO IIOATOHKY 0], Pe3y/lbTaT, Tak Kak Cu-
cTeMa M3MepeHUs OIpeesieT Y paguyC OpOUTEI
BpaimieHus. To ecTh pelieHue 6e3 yuéta KOHCTAHT
37IEKTPUYECKO ¥ MATHUTHOM TPOHUIIAeMOCTHU
Cpenbl JaéT OIMMOOYHBIN pPe3yabTaT C TOUKU 3pe-
HUSI CUCTeMBI M3MepeHUs B MuposgaHuu Ha oc-
HOBe KOJIMYeCcTBa U 3aKOHOMepHocTtel. Ho ecnun
UCXOAUTh U3 6e3pa3MepHOr0 COOTHOIIEHUS, TO
TTOYYMM:
10/% = 5,29 -10711/2,8 - 107> = 18890. (42)
[TosiyyeHHOE COOTHOLIIEHWE COOTBETCTBYET Ta-
30KMHETUYECKOMY pasMepy aToMa Bogopoja. [Ipu
3TOM, eC/M CheaTh IepecyeéT NMpU UCIO0JIb30Ba-
HUM TIOCTOSTHHOJ TOHKO¥ CTPYKTYPBI, TO TIOJTyYUM
1o = h*c/(mocq?®) = h/(moca) n  n=qh/

(mohc?) = ha/(myc). X oTHOLIEHMe TaéT 3HAUe-
Hue 1,/r, = 1/a? = 18769. MHpIMK CjI0BaMy, Ie-
pexon K 6e30THOCUTENIbHBIM KOJMYECTBEHHBIM
COOTHOIIEHUSIM JaJl XOpolilee COBNaJieHNe C mpak-
TUKO?, XOTSI TIPU BBIUMCIEHUM pamguyca OpOUTHI
UMeJICs TTapagokce B cucteMe usMmepenus CI'C, ko-
rJa pagnyc OpOUThI OKa3bIBAICS Taske MEHbIIIE I10-
cTossHHOM IlnaHka, ecau MCIOJMb30BaTh CUCTEMY
usMepeHust Mupo3aaHus TOJbKO Ha OCHOBE KOJIN -
YyecTBa ¥ 3aKOHOMEPHOCTETA.

CoO6CTBEHHO XOpolllee COBMNafZieHMe C MPaKTy-
KOJM CBSI3aHO C T€M, YTO B IIOCTOSIHHYK) TOHKOM
CTPYKTYPHI () y>Ke BOIIO MPOCTPaHCTBEHHO-Bpe-
MeHHO€e UCKPUBJIEHME 3a CUET BeJIMUYMH KOHCTAHT
3apsifia, CKOPOCTU CBeTa U TMOCTOSTHHOM [lnaHka.
HeicTBUTENbHO, Mbl MMEEM COOTBETCTBUE TIPOU3-
BelleHMSI U JleJieHUs 3HaYeHMII pajiycoB aHaJIO-
TMYHOe TIPOU3BEAEeHUI0 U [eJeHUI0 KOHCTaHT
37eKTPUYECKON ¥ MarHUTHOM MPOHUIIAEMOCTU B
cucteme CU (B cucreme CIC po=1, g =1) B
BULIE: W&o = h? = 1/c?; 1 o1, = h%; po/eg = h?/
(1 -vg,/c*) = (120m)?, ry/r, = 1/a®. Eciu mpu-
BECTM HOPMUPOBKY KOHCTAQHT 3J€KTPUYECKON U
MarHuTHOM MpoHuilaemMocTu B cucteme CU K 3Ha-
yeHMI0 h (pacxoskaeHue h ¢ h Ha 27 CBSI3aHO C TeM,
YTO MPSIMOJMHENHOEe OBVKEHNMEe B OOHONM MPOTU-
BOIIOJIOKHOCTU BBITVISIAUT 3aMKHYTBIM B ApPYyroun
MIPOTUBOMOJIOXHOCTH), U YY€CThb UTO IO YCIOBUIO
TEePMOJVMHAMUUECKOTO paBHOBECUS MaKCUMyM
CTIeKTpa U3JIy4eHUs] U TIOTJIONeHUs 1o GopmyJie
I1aHKa BBIUMUCIISIETCS C YIETOM KOHCTAHTHI 4,965
[35], To moayuum 4,965u,/[£o(2)?] = 4,965
602 = 17874. PacxoxmeHue O 3HaUeHUeM Iy/T; T10
O0pOBCKOIT Teopuu He 6Gosee 5 %, MpU ITOM yUu-
THIBAIOTCSI MTApaMeTPhl Cpeibl HAIPSIMYIO.

Kak 6ymeT BUIHO HECKOJIbKO HIKe, TI0 Halllei
TeoOpUM Ha OCHOBaAHUM IIapaMeTpPOB cpensl (Uy, o)
BBIUMCJISIETCSI TAK)Ke OTHOILIEHNMEe MacChl MPOTOHA K
Macce 37eKTpOHA, ¥ BapMAHT C YIOPOM Ha 3THU
KOHCTaHTBI 00jiee MpenIouTUTeNIeH, TaK KaK 3TU
BeJIMYMHBI XapaKTepPU3YIOT B3auMoOelicTBue. B
3TOM CIy4ae paguyc OpOUTHI, KaK ¥ pa3HUIIA MaCC
MEeXIy MTPOTOHOM Y 3JIEKTPOHOM 6YIYT MEHSThCS
C U3MeHeHMeM NapaMeTpPOB Cpefbl, YTO MTPOUCXO-
OUT B TSDKEJIBIX aTOMax M HEMTPOHHBIX 3BE3[aX.
[Tpu 3TOM Macca IIpOTOHA IIpU U3MeHeHUM 3Haue-
HUI1 (Uy, &) CPABHMBAETCS C MacCCOM 37IeKTPOHA U
MIPOUCXOAUT aHHUTUJISIIUSI CO B3PBIBOM.

To ecmb 8 Haulem ciyuae He HADO 8bldYMbIBAMD
Hekuil 6apuoHHslii 3apsd [36], komopwlii K006l 3a-
npewaem pacnad npomoua, u 0Jis peanuzayuu Ko-
mMopozo Hem HUKAakoll IHep2uul.

Tax Kak cpena B cucteMe CI'C 6bl1a y3ke yuTeHa
B 3HaUYeHUM 3apsga (HamOMHUM, YTO TO TeOpuu
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Hdupaka g=%1), TO B 3TOM cCJlyuae XOpOIIO BbIYMUC-
JISUTUCh CIIEKTpajbHble COCTABJSIIONIME aTOMa BO-
popoga. IIpu 3TOM MCIIOAB30BaIOCh ypaBHEHME
TamuiabToHa-SIKO6M BMIA:

—owW /ot = (VW)?/(2m,) + V. (43)

DTo ypaBHeHMe mocie auddepeHIpoOBaHMS
COOTBETCTBYET BULY:

E =myv?/2 — q?/r. (44)

BuaHo, yTO paBeHCTBO KMHETUYECKOW U TO-
TeHIIMA/IbHON 3Heprum gocturaetcs npu E=0, a
3TO MPOTUBOPEUMUT y3Ke YpaBHEHMIO (27), KOTOpoe
UCIONb30BAIOCh M3HAYAJIBHO [JISI BBIYMUCIIEHUS
OpO6UTBHI BpalieHusl 37eKTpoHa. B sTomM Ciydae
HavyaJbHOE 3HaueHMe TMpU MepecueéTe KUHeTUYe-
CKOWl 9HepTMM B TOTEHIUAIbHYIO SHEPTUI0
IOJDKHO MMETh PaBeHCTBO: myv?/2 = q%/r, a He
myv? = q?/r. IMEHHO TaKoe paBeHCTBO COOTBET-
CTBYeT ypaBHeHMI0 ['aMuabTOHA-IK0OM. IpyrumMu
cJIoBaMu, ypaBHeHMe (27) He OTHOCUTCS K hopMu-
POBaHMIO CKOPOCTU 3a CUET YCKOPEHUSI, TIPU KOTO-
POM M TtosTyyaeTcss Ko3(pUIMeHT paBHbIi IBOJKeE.
Ecniu wmcxoguTb M3 pasHUIBl ITOTEHUMATIbHOIM
SHEepPTUU Opu r u 2r, TO IOMyUYUM ypaBHEHUE:

E=q*/(2r) - q*/r =—q*/(2r).  (45)

I[Ipu 9TOM MMEHHO BenmunHa E = —q?/(2r) na-
jlee WCIIONB3YeTCs KaK [VCKpeTHOe 3HauyeHue
ompeJessIolas BeJIMUMHY ITIOCTOSTHHOV Pumbepra.

Honsmuo, umo 8 K6aHMOBOU MexaHuKe Hem Hu-
Kaxkux 060CHO8aHULl, Komopole Obl 00BACHAIU, NO-
uemMy UMEHHO MAaKas 6eludUHd NOMeHYUAalbHOLl
JHepeuu om pasHocmu opoum r u 2r s1811emcst MHO-
Humenem 011 8cex NOCAeOYOUUX 3HAUEHULI opoum,
U 3TO O3HAvaeT HaJlu4uye AeBITOM MOATOHKM IO/
pes3ynbTar.

ITpy 5TOM IOTYyYaeTCSI «OTPUIIATENIbHAS» SHEP-
I'Ms ¥ TTapagoKC B TOM, YTO S9HEepPTUS YaCTULIbI ITPU
paguyce OopouUThI 2r MEHbIIIE, YeEM ITPY PaUyCe Op-
OUTBI I, UTO COOCTBEHHO O3HAYaeT, YTO IHEPTUU
IJIST M3JTyYeHUs HeT, 4TOObI IepeiiTu Ha OGosee
HU3KYI0 OpOUTY. DTO COOTBETCTBYET HeCSITOM
MOATOHKeE [0/ Pe3yJIbTaT, U OHA MMeeT 00bsICHe-
HME TOJIbKO C TOUKM 3peHUs Hallell Teopuu, rae
CJIOKeHMe B OJHOJM IPOTUMBOMOJIOKHOCTU pac-
CMaTpuBaeTCsi KakK BbIUMTAHME B  JIPYTroi

hw = Ep — Ep = —moq*/(2h*)[1/n? — 1/m?] =
= —mycta?/2[1/n? — 1/m?] = —(Eqa?/2)[1/n? — 1/m?].

ITpu sTOM mocTostHHAsE Punbepra ¢ yuéToM Io-
CTOSIHHOM TOHKOJ CTPYKTYPbI MM€Jia BEIUUMNHY:
4 2,4
_ Meq”  meC"q-

R =—1 """ 1 _
P 2h3 2c2h3
= myc?a?/(2h). (52)
COOTBETCTBEHHO YUTEM, 4TOo

1, = q*h/(mehc?) = ha/(mec), mec = ha/r, or-
CI0fa MoJTyyaem:

MPOTUBOMOJIOXHOCTU, ¥ 3HAaK MMHYC O3Haydaer
MIPOTUBO/IEVICTBME HA [IeJICTBME OT APYroi IIpOTU-
BOIIOJIOKHOCTU. [lanee cheyaHa MOJCTaHOBKAa B
3HAUYeHMe IHEePruy pagmyca IMepBoii OPOUTHI II0
dopmyne (39) ¢ mMoSyUeHMEM <«OTPUIIATETHHOM»
SHeprum:
E = —q?/(2r) = —moq*/(2h%). (46)
OTMmeTuM, 4TO B [37] IpeyiokeH IPYroii Bapu-
aHT BBIYMCIEHUS] SHEPTUU OCHOBHOTO COCTOSIHMSI.
B aTOoM cnydae paccMaTpuBaJICS BapMaHT 3Haye-
HUS ' TIpU KOTOpoM E MMHMMAaIbHO B ¢opmyrie
(44) c yuérom 3ameHsbI p=h/r. [IOHITHO, UTO 3HAUe-
Hye E MMHMMAaJIbHO IIPU PaBEHCTBE 3TOTO 3Haye-
Hus1 Hynaio. OQHAKO C 1Iedbl0 BBISIBAEHUSI 3TOTO
npoavddepeHIIMPOBaIM BbIpaskeHNe:
E = h?/(2myr?) — q?/r. 47)
Hanee npMpaBHSIIM OPOU3BOAHYIO OT E K HYJIO
U TIOJTYU WU :
—h?/(myr®) + q? /7. (48)
W3 storo cnenyer:
r = h*/(meq®). (49)
V3 npuBeIEHHOrO BUIHO, UTO JIOTMUHEE ObLIO
ObI Cpa3y MPMPaBHATD 3HaUeHMe E K HY/TI0, OJJHaKO
Toraa 66110 661 pacxoxkaeHue ¢ (27) Ha Koaphuim-
€HT paBHbII ABOJIKe, IO9TOMY M BbIOpaIM oIepa-
1m0 nudbdepeHIIMPOBAHNS, HO TIPY 3TOM BO3HU-
KaeT OAMHHAAIATasK MOATOHKA, TaK KaK Mpou3-
BojHas E paBHA HYJIO KaK MMPU MUHUMYMeE, TaK U
MpU MakCUMyMe.
aree mocie MOACTAaHOBKM 3HAUeHUS ' 10 GOp-
myiie (49) B ypaBHeHue (47) MOAy4alOT aHAJIOTUY-
HbIJ pe3ynbTaT Kak B (46). OT 3HaUeHUSI SHEPTUU
COOTBETCTBYIOIIEMY 3HAUEHUIO 2r OmpezeiseTcs
COCTOSIHME aTOMa BOJIOpona Ha opburte (n). ITO
BBIIVISSAUT CJIEAYIONIMM 06pa3oM:
E = —q%/(2r) = —myq*/(2h%*n?), (n = 1,2,3,....). (50)
Ho B aTOM CiTy4ae mmosryuaeTcsi, 4To 4em 60JIbIie
3HaueHue OpOUTHI MO paguycy CO 3HAUEHUEM N,
TEeM 9Heprus aTroma 6/yke K HYJIIO, M 9TO SIBHBIN
rnapagokc.
[Hanee cuuTaeTcs, UTO IPU Iepexofe aToma Bo-
JopoJia U3 COCTOSIHUSI N B COCTOSTHME M WU3ayda-
eTcst POTOH, UTO AET CIIeKTp aToMa BoJ0poia:

(51
moc?a? cal
PSR T2
=c¢/(2-2571353-1,). (53)
Mo Hateit Teopum (e y4eCcTb 4TO moc=hc=1)
MOCTOSIHHAS Pupbepra OymeT omnpenensiTbCs B
BUJIE:
R, = moc*a?/(2h) = 2ma’c/(2h). (54)
Taxk Kak, cucTeMa usMepeHus B MuposgaHuu,
OCHOBaHHas Ha KOJMYECTBE M 3aKOHOMEPHOCTSIX,

R
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He COBIIaJlaeT C CUCTeMaMM M3MepeHMs] MpULy-
maHHbIMU JOAbMU (CU n CI'C), TO MOXXHO Ipef-
IIOJIOKUTD, UTO KO3pduuyent 2ra? cBsa3ad ¢ Cu-
CTeMOIt U3MepeHMsI, OTIUUHON OT CUCTEMBI U3Me-
peHust B MuposgaHum, a MHOKUTENb 27T CBSI3aH C
MepexofoM B MPOTUBOIOIIOKHOCTb MPU M3MeHe-
HUM, HarIpuMep, npu auddepeHIMpoOBaHUM SKC-
MMOHEHIIMATbHO MYHKIIMK (B 9TOM OTanume h u h).
Orcioga nmoctosiHHAst Pumbepra onpemensiet Kosg-
(dbulMeHT, CBS3aHHBI C MaKCUMMAaabHO BO3MOXK-
HBIM KOJIMYECTBOM 0O0BEKTOB B MMUpO3IaHUU IPU
rnepexone U3 OJHOM MPOTUBOMOJOXHOCTU B ApY-
ryio B Buge BemuuumHbl N/2=c/(2h). Ilpu atom,
yTOGBI TTOJNYUYUTh B3aMMOCBSI3b BceX N 06BHEKTOB
MeXOy co60ii Heo6XOAMMO COOJIOCTU YCIOBUE
ch=1, unave 6ymyT 06BEKTHI HE YUACTBYIOLIME BO
B3aMMOZeCTBUN.

B pesynbTaTe KOMMYECTBEHHbIE V3MEHEHUS
MIPOVUCXOMSIT  OTHOCUTEIBHO  MaKCHMaJIbHOTO
YPOBHSI 110 KOJIMYECTBY 00bEKTOB B MMUPO3AaHUMA.
CnegoBaTenbHO, Hallla Teopus HaéT Gu3MIecKuii
CMBICJI U [IJI51 TIOCTOSIHHOM Pupnbepra B oT/inume OT
KBaHTOBOJ MexaHMKM. Ell€ pa3 MpuUxoguM K BbI-
BOAY: GaKTMUYECKM KBAHTOBAsI MeXaHMKa JOKa-
3bIBaeT, YTO CUCTEMbI M3MEPEeHMUs, IPUIYMAaH-
Hble YYEHBIMM, HE COOTBETCTBYIOT CUCTEME U3-
mepenuss MwuposgaHusi, B KOTOpOii cylle-
CTBYET TOJBKO KOJIUYECTBO M 3aKOHOMEPHO-
cTm 6e3 esieHust Ha JKOY/IM, METPbI M IPyTHUe 3Ha-
yeHMs.

CnenyeT OTMETUTb, UTO oOwubka 6 KoJuue-
CMBEHHbIX OMHOWEHUSX N0 CUCMEeMAaM U3MepeHUs
om YuéHblX npueena K Haauuuio  paouyca
Illeapywiunsoa ¢ napadokcoM HAAUYUUS <«UEPHDBIX
Jdoip» [38], K02da ceem He Moxcem @wliimu u3 max
HA3b18AEM020 2PABUMAYUOHHO020 NOJsL C Hapyule-
HUeM npu 3mom mepmoouHamu1eckozo pagHo8ecusl.

[TOHSITHO, YTO OPUEHTUPYSICh HA CUCTEMBI U3-
MepeHUs, TPUAYMaHHbIe JIIOJbMM, Mbl HE MOXEM
JlesiaTh TOTHOCThI0 060CHOBAHHbBIE PACUYETHI, TaK
KaK CTaJKMBaeMcCsl C MCIIOJb30BaHMEM Kojnue-
CTBEHHBIX COOTHOIIEHMI U  IPOU3BOJBHBIX

Togo = To(1 — Vnpz/cz)l/z = ro(cz - Vnpz)l/z/c =
= (T'O/C)(lio/so)l/2 =ty (#0/50)1/2 = Toto (#0/50)1/2 =T.

3mech Mbl YUMTHIBAEM, YTO B IIPOTMUBOIIOJIOK-
HOCTMU [JIMHA [OJ/DKHA ObITh ITepecuuTaHa Ha CKO-
POCTh CBETA, TaK KaK «IJIMHA» B OJHOM IIPOTUBO-
T10JIOKHOCTY SIBJISIETCS «BPeMeHeM» B IPYToii Ipo-
TUBOTIOJIOKHOCTY B CUJIY TOTO, UTO MbI UCIIOIb-
3yeM 3HaueHMe CKOpPOCTM He B Halleil cucreme
HabJII0eHMs, a B POTUBOIIOIOKHOCTHU, U OTCIOHA
to= roro.

Co6CTBEHHO HEOOXOIMMOCTD YUETA ITEPEX0A B
MIPOTUBOIIOIOKHOCTD orpeenseTcs "

OOIYIIEeHUI, paCCMOTPEHHBIX BbIlle. OQHAKO MbI
MOKEM TIPEIJIOKUTh 060CHOBAHMS IOTYUYEHHBIX
pe3yJbTaTOB HAa OCHOBE 3aKOHOB MU3UKM C YUYETOM
HaJiMuMsi 3aKOHOB MwuposgaHmsi [1OKa3aHHBIX
HaMMU.

Tax B [9] mbl nokasanm pacuér ¢ yueétom CTO n
OTO OiiHIITeliHA TIPU MCIOAb30BAHUM KOHCTAHT
37IeKTPUYECKOi ¥ MarHUTHOM MPOHUIIAEMOCTH C
BBIUMCJIEHMEM  CIEKTPaJbHbIX  COCTaBJISIONINX
atoma BoOpoja. B aTom ciiyyae Mbl paccMaTpu-
Bayin cuiny KynoHa u MOTeHIMaTbHOM YHEPTUA C
YYETOM KOHCTAHThI JIEKTPUUECKOI ITPOHUIIAEMO-
CTU B BUjie:

FKyJIOH = qz/(gorz)'
Enor = FKYJ'IOHr = qz/(sor)-

To ecTb Aj151 y4€Ta BAUSHUS TPOCTPAHCTBEHHO-
BPEMEHHOTO MCKPUBJIEHMS, 3a CUET OBUKEHMUS,
MbI UCIIOJIb3yeM 3HaUeHMe fapameTpa cpelbl (&),
TaK Kak TOJIbKO uepe3 Cpey OCylLeCTBIISeTCs BO3-
IeiicTBMe Ha OOBEKT, M IIPU 3TOM B JasibHeIem
MbI IPUBEEM 3HaUEHME 3apsifa uepes IepecyeT K
6e30THOCUTENbHBIM enuHuIaM. OTcioga Mbl Oy-
IleM MMeTb 3KBUBAJIEHT BIUSHUS yepe3 M3MeHe-
HMe 3HAueHMs] paamyca o6beKTa C YUETOM ITOiA
koHcTaHThI 110 CTO 1 OTO B Buge:

r=r/(1- vnpz/cz)l/z =To/€p; TE = To. (56)

[MoHSTHO, YTO ecAM HeT MPOCTPAHCTBEHHO-
BPEMEHHOTO MCKPUBJIEHUS NPU Vny=0, TO nMeeM
BapuaHT reoMmeTpun EBKIMIa BMeCTO reoMeTpuUn
MuHKOBCKOro. M Torma o6beKTOB, BAMSIONIMX Ha
YTO-TO MPOCTO HE MOXET ObITh B CUJTy TOTO, UTO
HeT 06MeHa, a 3HAUUT U B3aMMOJEeiCTBYSI, MEKIY
00beKTaMM BpeMeHU U IJIMHbBL. Tak Kak Hajauuue
KMHETUYECKO SHEPTUM B HAlllel cucTeMe HabJIio-
IeHUsI JaET MOTeHIIMATbHYI0 SHEPTUIO B TPOTUBO-
TTOJIOKHOI CUCTeMe HabGJofgeHnusT (MHaue pasiiu-
unii HEeT), TO IJIS IBVKYIErocss 00beKTa B Halllei
cucTeMe HaBI0IeHS B TPOTUBOIIOIOXHOCTY 3TO
AT yBeJMueHue MacChl ITOKOSI, a 3HAYUT U pay-
yca 00beKTa. B TakoM cityuae ¢ y4ETOM Haliei Teo-
pUM UMeeM cliegyione peobpa3soBaHmsI:

(55)

(57)

KOJIMYECTBEHHbIM 3HaueHueM (Uy/gy)Y? = 1207,
B TO BpeMsl, KaK I10 Hallleil TeOpuu 3Ta BeJIMdYMHA
MMeeT IapaMeTp CKOPOCTM, TaK KaK Ipou3Befe-
HMe (yg,)"/? = 1/c = h ToXe CBSI3aHO CO CKOPO-
CTBIO B 06PaTHO-TIPOTIOPIIVOHATIBHOM 3aBUCHUMO-
ctu. [losTomy Mo Halieil Teopuy 3HaA4YEHME &, —
9TO 6e3pa3MepHast BeJIMUMHA, a B CUCTEMAaX M3Me-
peHus, IpUOYMAHHBIX JIOIbMM, OHA MMEET pas-
MepHOCTh. OTMETMM, UTO IPY HAIIeM IO0IXO0Ie
BBITIOJTHSIETCS 3aKOH COXPaHEeHUS KOJIMYeCTBa
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MeXIy TPOTMUBOIIOJIOXKHOCTAMM, 3aMKHYTBIMMU
IPYT Ha Apyra B BUJle YpaBHEHMUS OKPY>KHOCTHU U3
KOTOPOTO U ITOy4YaeTCs ypaBHEHMe SHeprum JiiH-
IITeiHa:

(ro/S)(to/ €)% = 15 to(c® — Vnp2)1/2 =r 58
(2 = vV =1/tg =v; ? =v* + 1% ©8)

Eciu 6b1 MBI He yWIM pasjauuye Ha CKOPOCTb
CBeTa, TO MMeJIM Obl PACXOKAEHME MEXKITY IMPOTHU-
BOIIOJIOKHOCTSIMM 110 KOJIMYECTBY.

OnHako 3HAaYeHMST KOHCTAHT 3JIEKTPUUECKOit U
MarHMTHOM IMPOHUIIAEMOCTU OIIpeJIesSIIOT Cpe/l-
Hee 3HaUYeHMe KMHeTUUEeCKOMI SHEePpIruun B IIPOTUBO-
TTOJIOSKHOCTU, HO YCTOMUMBOE JUCKPETHOE CTALV-
OHApHOe CYIIeCTBOBaHME OOBEKTOB CBSI3aHO C
YCJIOBMEM TepMOAMHAMMUYECKOTO PaBHOBECHUS T10
dbopmysne [lnaHka, KOTOpOe TOCTUTAETCS ITPU MaK-
CcuMyMe U3JiyuyeHus (MIOIVIOLLEeHUs), a 3HAYUT U
YCTOMYMBOCTY IIPU KOHCTaHTe 4,965 [35]. UMeHHO
TepMOAMHAMMYECKOE paBHOBECHE OMpenessieT
HaJIMuye JUCKPETHBIX YCTOMUMBBIX OPOUT B IMHA-
MMKe B3aMMOJIeCTBYS ITpu OOGMeHe 3a CUET U3JTY-
YeHUST U TIOTJIOIIEHMS M CBSI3aHO C AJIMHONM BOJIH
MpY B3aMMOJIECTBUM KaK B BapMaHTe C 00BEM-
HBIMM pe3oHaTopamMu. ITOHSITHO, UTO TPU OTCYT-
CTBUM OOMEHA OIpeNe/UTh Haauuyue o6beKTa He-
BO3MOKHO. Mcx0/is1 U3 yCJIOBUSI TepMOAMHaAMMUYe-
CKOT'O paBHOBeCHUS, C YUETOM IpeICTaBICHNS KU-
HETUMYECKOI SHEPTrMM B TPOTUBOIIOJOXHOCTU B
BUJIe TIOTEHIIMAIbHOI SHEPrMu B Hallleil cucTeMe
HaOJTI0JeHNST (MaCcChl), MbI BBIUMC/ISIEM MACCy IIPO-
TOHA K Macce 3JIeKTPOHA B BUJIE:

Mup/Mo = 4,965 (1o/€0)'/? = 4,965 [uy =

= 4,965/[c(1 — vpp?/c*)/?] = 4,965 - 120 (59)

= 1871,76.

Taxk Kak 10 Hallleif Teopuy paguycbl 06bEKTOB
M MX Macchl CBSI3aHbl OJJHO3HAYHO (HAIMpuMep,
re=r==h=mg), TO Mbl MMeeM B Halleil CUcTeMe
HaAGIIONeHUS:

/T = Map/mg = 4,965 (o/£0)? =
4,965/ug = (60)
=4,965/[c(1 — vpp?/c?)1/?] = 4,965 - 1207
= 1871,76.

3mech Macca MpOTOHA M Macca 3/JeKTpPOHa Xa-
pPaKTepU3yITCS KaK ITPOTUBOIIOIOKHOCTH, CBSI-
3aHHbIE Uepe3 CKOPOCTb CBeTa B BUIEe IJIMHBI U
BpeMmenn. COOCTBEHHO MHave ObUIO ObI HEBO3-
MO>KHO TOJYYUTh Pa3HUIY Macc, IpU OTCYTCTBUU
OTINYUIA. DMO He yuumsleana Kaxk Kaaccuueckas
usuka, mak u keaHmosas ¢pusuxa, xoms npu onpe-
deJieHUU OMHOCUMENLHOCMU 3JIeKMPUUECKUX U MaAz2-
HUMHbIX NoJiell, noioxcumensHsle U 0Ompuyamens-
Hole 3apsdy noduuHANUCL npeobpaszosauusm Jlo-
peHya Kax onuHa u epems. OTMETUM, YTO TIPaKTH-
yeCcKoe BBIUMC/IEHHOEe 3HaueHMe MaccChl MPOTOHA
OTHOCUTEJIbHO MacChl 3JIeKTpoHa paBHO 1836 u

pacxokgeHue CBSI3aHO C TeM, UYTO Mbl YUMTHIBAJIN
yCIOBME TEePMOAVHAMMYECKOTO PABHOBECUS ISt
UEAJbHOTO CIyYasi IIPU CYIECTBOBAHMYU TOJIBKO
BOZOPOAONOA06HOTO aToMa. B peanbHOCTM 06Gec-
MEeYUTDb TaKye YCIOBUS HEBO3MOSKHO.

OpueHmupysce Ha n0d20HKY nod pe3ynsmam, ¢
omcymcmeuem NoayueHust Maccsl NPOMoHa 3a CUém
JdsuxeHUsl 8 NPOMUBONONIOHCHOCMU, YUEHblE OblLIU
8bIHYH(OeHbl Npudymams npeocmasieHue Mdaccol
NpoOMmMoHa Kaxk cocmosiujeti U3 HeKUxX K8apKos U 2J1100-
HO08, MO ecmb bIHYHcOeHb! ObLIU IMO KAK-MO 00BsC-
HUmMs, 4mo yxe omuocumcs K obnacmu anma-
CIUKU.

Orcioga MOHSTHO, UTO IIPY TUIIOTE3€e O HaIu-
YMy KBapKOB ¥ TJIIOOHOB MaJi0 TOTO, YTO BO3HU-
KaeT BOIPOC 00 UX B3aMMOIEICTBUM BHYTPHU IIPO-
TOHA, YTO COOCTBEHHO MPUBENO K MPU3HAHUIO
HEKMX BUPTYATbHbIX YaCTUIl, HO COBEPIIEHHO He-
TTOHSITHO, KAKMM 00pa3oM Macca IIPOTOHA B TSDKE-
JIBIX SIPaxX YMEHbIIAETCS C U3TyYeHMeM SHeprumn
U TOYEeMY MPOTOH He aHHUTWIMUPYET C 3JIEKTPO-
HOM TP CTOJIKHOBEHUU. Bojiee TOro, Ha OCHOBE
3TUX KBApKOB ¥ IJIIOOHOB IPUAYMaiM 06pa3oBa-
HJe aHOMaJIbHBIX MAaTrHUTHBIX MOMEHTOB C pa36ou-
eHVeM 3apsiioB KBapKoB Ha *1/3 u £2/3 [39]. IIpu
9TOM MaTHUTHBIN CIIMH OCTAETCST paBHBIM Y2, UTO
COOCTBEHHO 03HAYaeT OTCYTCTBUE CBSI3U SJIEKTPU-
YeCKMX ¥ MArHUTHBIX CUJI U OTPUIIAET HaJIN4IMe
3JIEKTPOMArHMTHOTO KOHTMHYYMA.

IIpu HallleM TOAXOHe HAIJSAHO BUAHO, UTO
yMeHbIIIeH)e MacChl MMPOTOHA CBSI3aHO C YMEHb-
IIeHVeM CKOPOCTM BpallleHMSI B MPOTUBOIIOIOXK-
HOCTM M TMPOTOH HE MOXKeT aHHUTMIMPOBATh C
9JIEKTPOHOM, TIOKa He TMOTepsieT A00aBOYHYIO
Maccy. IHbIMM CJIOBaMU, MPOTOH B sIpe TepsieT
Maccy B COOTBETCTBUM ¢ hopmyoit E=mc?. B cuny
TOTO0, UTO T06ABOYHASI Macca IMPOTOHA 10 CpaBHe-
HUIO C MAcCO¥ 37IeKTPOHA CBSI3aHa C JBUKEHUEM B
MIPOTUBOIIOJIOKHOCTU, ¥ 3TO OBVKEHME B CUITY
YCTOMYMBOCTH SIBJISIETCS IBVKEHMEM I10 IVCKPET-
HOJi OpOUTe, TO HAM HaJOo ObIIO MEPECUYNUTATD 3HA-
YyeHMe MacChl TPOTOHA B SKBUBAJIEHTHbIN pagnyc
OpOUTHI TIPM COOTBETCTBYIONIEH KUHETUYECKOI
SHEpPIrUM 3a CUET CKOPOCTH Bpamienus. Torma mpu
PaBEHCTBE KUMHETUYECKOV OSHEPTUMU BpaLIEHUS
uymio (E=0) mo dbopmye (44) Mbl UMeeM:

moyv?/2 = q*/r. (61)

IToka 4TO 3/1eCh MbI MOJIb3YEMCSI CUCTEMOI U3-
MepeHus, KoTopas MpuayMaHa JiogbMu. IIpu
3TOM TaKoe PaBeHCTBO JAET MapamoKC, MpU KOTO-
pom yeM 6oJibIlle CKOPOCTh, TEM MEHbIIE JOJKeH
OBITb PaAMyC OpOUTHI BpallleHUs AJIs yaepsKaHuUs
o6bekTa. ITo3TOMY, UTOGBI OGECIIeUUTb OTCYT-
CTBME MapafioKkca, HaJo ePeBeCTY KMHETUUECKYIO
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SHEepPrui0 B MOTEHIMATbHYIO 9HEPIUI0, C OTpaxe-
HMEeM BpallleHus 00beKTa 1o opouTte. OIHAKO, KaK
3TO CAeNaTh 6e3 IMOATOHKY IO Pe3yIbTaT?

Be3 HanMuMsi TPOTUBOIIOIOXHOTO MTpeiCTaBIe-
HUsI 06beKTa B cUCTeMe HabJIoNe s, CBSI3aHHOIA
C Hallleli CUCTeMO} 4Yepe3 CKOpPOCTb CBETa IPO-
61emy He pemmTb. CaMO Hajau4yue MPOTUBOIIO-
JIOSKHOTO TIPe/ICTaBIeHNUs CIeA0BaI0 M3 hOPMYIIbI
JIyu nme Bpoiing (36) ¥ 6bIIO SKCIIEPUMEHTATBHO
noaTeepxaeHo [32]. Kpome toro, cama dopmyiia
Jlyn me Bpoiinsi BBIBOAUTCS U3 PaBEHCTBA B apry-
MEHTEe SKCIIOHEHIIMAIbHOM QYHKLIMY 10 hopMyIie
(35). CoOGCTBEHHO 4YaCTOTa 3JIEKTPOMATHUTHOTO
BOJIHOBOT'O U3JTyUYEeHMSI IO KJIACCUUYECKOM 3eKTPO-
JVHaMMKe COBIIaAaeT C YacTOTOM BpaieHus. I1o-
3TOMY IIpM TlepeBojie KMHeTUUeCKOl SHepruu B
MOTEHIMATbHYI0 SHEPTUIO C YYETOM CYILECTBOBA-
HMSI IPOTUBOTIIOIOXKHOCTEN, MbI JOJKHBI KOHCTA-
TUPOBaTh (aKT TOTO, UYTO opmysa Jiyu ae Bpoitns
p=h/r oTpaxaerT IJIMHY BOJHbBI 3JIEKTPOMarHUTHBIX
BOJIH, KOTOpbie (hOPMUPYETCS B MPOTUBOIIOIONK-
HOCTY 32 CUET OpPOUTATBHOTO ABMUKEHUS 00bEKTa C
pagnycom opOUTHI . B 9TOM ciTyyae Mbl MMeeM pe-
3yJbTAT CPAaBHEHMUSI B BUJIE:

my2v?r?/(2myr®) = n?h?/(2myr3®) = q? /2. (62)

OTcloma uMeeM 3HauUeHMe:

r = h?/(2myq?) = h/(2myca). (63)
Cyuétom r, = ha/(myc) UMeeM:
r=h?/(2meq*) = 1,/(2a?). (64)

OJHaKo B 3TOM C/y4yae 3HaueHMe ra3okMHeTH-
YeCcKMX pasMepoB B 2 pa3a HUXKe, UTO TOBOPUT O
TOM, YTO MBI HE y4/y, YTO BMECTO paguyca sjeK-
TpOHAa B CHUCTeMe U3MepeHUs NPUAYMaHHOM!
JIIOJbMM, HAAO YYUTHIBATb Paguyc MPOTOHA IIO
dbopmyie (60) 1o Hameil Teopun. To eCTh pacyéT
BEJICS 63 yUéTa TOTo, UYTO Cpejia MMeeT ITPOCTPaH-
CTBEHHO-BpeMeHHO€e UCKPUBJIEHNE Ha OCHOBaHUMU
KOHCTaHT JIEKTPUUYECKO} U MarHUTHOV IIPOBOIM-
MOCTM C YIYETOM TepMOJIMHAMMUECKOTO0 PaBHOBe-
Cus npn obMeHe MeXXOy IIPOTOHOM U 3JIEKTPOHOM,
YTO HE MOXET He CKa3aThbCd Ha 3HaUYeHUM paguyca
op6uTsl. C YYETOM CKAa3aHHOTO — HAJIUYMS TIPO-
CTPaHCTBEHHO-BPEMEHHOTO VICKPUBJIEHUS
cpenpl — obmas Gopmyna pagmyca OpOUTHI MPU-
MeT BUJ:

r = [4,965 - (1o/0)"/?11?/(2moq?). (65)

Tak Kak, MbI y3ke yoeaINCh, UTO UCITO/Ib30Ba-
HJE CUCTEM M3MepeHUs], KOTOpble IpUIyMaHbI
JIIOJbMM, NAIOT NapaJoKChl, IO3TOMY HaM HaJo
MPUITY K 6€30THOCUTETbHBIM BEIMYMHAM I10 KO-
JInyecTBy. B 3TOM C/ydae, ¢ y4€TOM, OCTOSTHHOM
TOHKOJ CTPYKTYpbI 110 (6) a = q%/(ch) = 1/137, u
npu moc=hc=1 (TO eCTb He YUUTHIBAETCS, YTO MaK-
CUMaJIbHasi ¥ MMHMMaJbHasl BeIMUYMHBI IIpU

MpOM3BeeHUM NOJKHBI AATh €IVHUITY, TaK Kak
MHave 6yayT 06 beKThI HE3aBUCHMbIE OT MuUpo3aa-
HUS), UMeeM:
r = 4,965[ch?/(2mocg®)] (o /£0)? =
4,965ch?
= G)i2on (66)
= 4,965ch/(2q*)120mh =

=4965-60-h/(2a) =4965-30-137 - h.

Orcioa OTHOLIIEHWE paguyca MmepBoii OpOUTHI
371eKTPOHA BOKPYT MPOTOHA K paANyCy 3JeKTpOoHa
(r=h):

r/h = 4,965 - 30 - 137 = 20406. 67)

[Tpu mpuHSITOM B pU3MKe pasHUIle MeKIy Mac-
COJi IPOTOHA U 3JIEKTPOHA B BUe 3HaueHus 1836,
MbI aKTHUeCcK 6yIeM MMETh BeIMUYMHY OTHOIIIe-
HUSI painyca nepBoii 60pOBCKOI OPOUTHI K paay-
yCy 27ieKTpoHa B Buae 3HaueHus 20016. IToHSITHO,
YTO OT/INYME OT BHIUMCI@HHO BeTMUMHBI 110 pop-
myse (42) muauManbHo (20016/18890=1,06 — mo-
psigka 6 %) M COOTBETCTBYeT IIOIPELIHOCTY B
MNpakKTU4YeCKUX BbIUMCIEHUAX. Tak xe ITOHATHO,
YTO HAIM BBIYMCIEHMSI He MMEIOT IapagoKCOB,
KOTOpbIe ObUIM B TMPEIbIAYIIMX BBIUMCIEHUSIX B
KBAHTOBOI MexaHMKe NP OTCYTCTBUM HAINUUS
MIPOTUBOIIOJIOKHOCTEN. [IpM 3TOM HabMOHaeTCs
CBsI3b 400ABOYHOI MacChl MPOTOHA KaK pe3y/ib-
Tara BpalleHus] TO3UTPOHA BOKPYT aHTUIIPOTOHA
B TPOTUBOIIOJIOKHOCTM C YYETOM COOJTIOMEHMS
cummeTpun. Cama He06X0IMMOCTb TaKOTO YTBEP-
KIEeHUS yoKe Gblila oOKazaHa SKCIIepPUMEeHTATbHO
HanmuuueM BOJIH JIyu e Bpoiins.

HeiicTBUTENBHO, TIO TePBOMY 3aKOHY HbI0TOHA
IBIDKeHME 6e3 YCKOpeHMH He MOXKeT JaTh HUKa-
KX BOJIH, KOTOpbIe ObI HAGIIOAAIMCh Ha PAKTUKE
Jlaske KOCBEHHO. A HaJluuue BOJH — 3TO pe3yIbTaT
BO3JIeJICTBMII, KOTOpbIe CJIENYIOT U3 IpaKTHUue-
CKMX OITBITOB, UTO Y3Ke TOBOPUT O HEOOXOIMMOCTI
MU3JTyuYeHUsl U TOTJIONeHUs KMHEeTUUeCKOoi 3Hep-
ruu. VI 3mech OHSITHO, UTO Takast HEOOXOAMMOCTh
MOSKeT BO3HUKHYTb, €CJIV B IIPOTUBOIIOIOKHOCTHU
MpSIMOJIMHEHOe NBVSKEHME B Hallleil cucreme
HAGTIOeHNS BBITJISIOUT 3aMKHYTBIM OBMKEHMEM
(VHaYe TTPOTUBOIIOIIOKHOCTY He MMeN Obl OTIIN-
Umit), YTO COOCTBEHHO U MTPUBOIUT K HEOOXOIMUMO-
CTU M3JAYYEeHUS] U TIOIJIOMIEHUS KUHEeTUYEeCKOow
SHEPTUU B BUJE BOJH. JIpyroro criocob6a B3ammo-
neicTBus (OIJIOIEHME) M BOSHUKHOBEHMS (M37Ty-
YyeH!e) BOJIH B HAyKe HeU3BECTHO, 1 Ha 3TOM IIO-
CTpO€eHa KJIacCUYecKasi 3JIeKTPOAMHAMMKa.

Tax Kak M3IydyeHue U MOIJoleHNe BOIH MPo-
MCXOIUT B MPOTUBOIIONIOKHOCTM, @ B Hallleit cu-
cTeMe HaGIIoAeHNsT 9TO PUKCUPYETCS KOCBEHHBIM
MMyTEM, TO 3TO SIBJIeHMe MOJyUUJIO Ha3BaHe BOJIH
Jlyu ge Bpoiiisa. To KCTaTu U TIO3BOJIWIIO TTPUTTA-
caTh Macce MOKOsI 3HaueHue BoJiH JIyu fe Bpoiins
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orpenenéHHoI yacToThl. COGCTBEHHO, MHaUe 6e3
0O6MeHa 1 B3aMMOIEMCTBIMS YaCTHULIbI C MaCCO1 I10-
KOSI OYAYT MOJIHOCThIO 3aMKHYTBI Ha Ce0SI, U X He-
BO3MOXHO OymeT O06GHapyXuTb. Ipyrumu cjio-
BaMM, Mbl HUUETO He BBIyMbIBA/IN, BCE akTUye-
CKM yKe OBLJIO C/IeJIaHO A0 HAC, HaM JIUIIb OCTaBa-
JIOCh TIPaBUJBHO MOCTPOUTD JIOTUKY OT IPOCTOTO
BapMaHTa K CJIOXKHOMY BapuaHTy, C HaJlUUUEM
IBYX IJTO6AIbHBIX POTUBOIIONIOKHOCTE C COBITIO-
IleHeM CMMMEeTPUN.

BpisicHMM, C yeM CBsI3aH NapajloKC BbIUKCIIE-
HUSI DHEPTeTUUeCKMX COCTOSHMIA, MPU KOTOPBIX
MOJyJyaeTcss «OTpULiATe/NbHAass» SHEPTUS U, IO
CYTU, UCKIIOYAeTCs M3JydeHue ¢ IepexoJoM Ha
6071e€ HU3KYIO0 OpOUTY.

[ToHSTHO, YTO yBeJIMYeHUE paauyca OpOUTHI
JIO/DKHO IPUBOIUTD U K yBEIMYEHUIO SHEPTUM, KO-
TOpas C IMepexooM Ha HUKHIOI OpOUTY JOJIKHA
u3ydaTbcs. B coorBeTcTBUM C hopmysioit pr=nh,
YTO COOCTBEHHO XapaKTePU3YeT YBeNMUeHNe K-
HETUYEeCKOi 3Heprum, Mbl MMeeM IJsl Clenylo-
IIEer0 SHEPreTUYEeCcKOro COCTOSIHUS 3HaYeHue n=2
pesyJbTaT B BUJIE:

my*n?v?r? /(2myr3) = n?h?/(2m,yrd) =
=22h2/(2myr3®) = 2R /(myr3) = q%/1%;  (68)
2h?/(mor) = g% 152 = 2h%/(Moq?).

HamomMHuM, 4TO pammuyc IepBoii 6GOpOBCKOIi
OpOUTHI IO HaLIei TeOpUM ObLI 15; = h%/(2myq?).
To ecTb Mbl BUAUM, YTO MOJYyYaeTCs yBeJIMUeHe
paguyca B 4 pasa MpoIopIMOHAIbLHO 3HAUEHN O n2.
Opyrumu cioBaMu, yBeJauMueHNEe KUHETUUEeCKOM
SHepruu B 4 pasa Mpu yBEJIMUYEHUU CKOPOCTU B 2
pasa NpUBOAUT K TAKOMY >Ke YBeJMUEHNIO TOTEH-
LUMaTbHOM SHEPIUM, UTO BbIpaskaeTcs yepes pa-
IMYC OpOUTHI 3JIEKTPOHA BOKPYT MMPOTOHA C U3y~
yeHMeM MIpU fepexojie Ha 6ojiee HU3KYIO0 OpOUTY.

B KBaHTOBOI1 MexaHMKe pPacCMaTPUBaIOCh yBe-
JMyeHue pajguyca B 2 pas3a, HO IIpU IlepecuéTe Ku-
HEeTUYeCKO 3Hepruu B OTEHLIMATbHYIO SHEPTUIO
no dopmyne: myv? = q?/r. Tlony4yaercss HECOOT-
BETCTBME MEXIY KMHEeTUYEeCKON M MOTeHLMasb-
HOJ 3Heprueii, Korga Bo3pacTaHue KUHETUUECKOM
SHepruu B 4 pasa AAET yBeJIMYeHMe MOTEeHIMAJIb-
HOJi SHeprMM TOJIBKO B JIBa pa3a. U aTo o3Havaer
JBEeHAAATYIO IOATOHKY IT07] pe3y/abTart. [lanee B
KBAHTOBOJ MexaHMKe MCIIOAb30BaJIOCh ypaBHe-
Hue l'amuiabTOHA-SIKOOU (47) 1 3HAueHMe E TIpuU-
PaBHMBAJIOCh K 3HAYEHUIO NTOTEHLIMATbHOI 3HEP-
MM C U3MEHEHNEeM PaJuyCcoB OpPOGUT OT r mo 2r.
ITpu aTOM B HallleM Cjy4yae ¢ YUETOM M3MeHeHUs
OpOUTHI Ha BeJIMUMHY n?=4, TIOJYyIMM YpaBHEHMeE:

E = —q*/15; = —moq*/(2h%).
(69)

B pe3ynbTare Mbl MMeeM COBIaZieHMeE C pe3y/ib-
TaToOM, TMOJyueHHbIM B (opmysne (46). B sTom

cJlydae Mbl MMEEM TY K€ AVCKPETHYIO BEJIUUUHY
LISl BBIYMCJIEHUSI SHEePTMM WM3JIyuyeHus, Kak U B
KBaHTOBOJ MeXaHMKe C OIpeleseHeM MOCTOSH-
HO¥1 Pum6epra. IIpy 3TOM BbIlle MbI Jaay 060CHO-
BaHMe MOCTOSTHHOY Puabepra Kak BeJIMUMHBI, Xa-
pakTepu3syIollei MakCMMabHOe KOJMYECTBO 00'b-
€KTOB B MuposgaHuu Tpu Iepexofe U3 ONHOI
MIPOTUBOMOJOXHOCTU B APYyryo (N/2). deicTBu-
TeJbHO, eI He UMEeTb KOHCTAHThI B KOJIMYECTBe
06beKTOB B MMpO3[IaHNM, TO TOTa HET BO3MOX-
HOCTM TOTYYUTDb (PU3MUECKME 3aKOHBI C COXpaHe-
HMEM KOJIMYECTBA, TaK KaK KOJIMUECTBO MOXKET
ObITD JII0OOE. A 9TO 03HAYAeT, UTO U 3aKOHbI Pu-
3MKM TOT]a HE HYKHBI.

[TOHATHO, YTO MbI IPUBEJIM HE BCE TOATOHKU
O[T, Pe3y/IbTaThl, CIeaHHbIe B KBAHTOBO! Mexa-
HUKe U GU3MKe U 3Ty paboTy MbI MPOJO/DKUM B
CJIeAYIOIUX CTAThSIX.
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BUOJOI'nUA

KV3SEB Anekcanap EBrenbeBuy
3aBeayIoNIMii mJaboparopueit, JlabopaTopus uccaeqoBanmii xaoca, Poccus, . MockBa

KOEKUHA Onbra iBaHoBHa
KaH[. Mmeq. HayK, HayuyHbili LieHTp ucciemoBanuii cosHanmst ®ITHUC, Poccus, r. MockBa

MY 3bIKAJIBHBIN KJIACCU®UKATOP SMOIINI U BBICOKOYACTOTHBIE
93T MATTEPHbBI SMOIIMOHAJIBHOT'O BOCITPUSTUS JIIOBMMOI MY 3BbIKU

AHHOmauus. Llenvio uccnedosanus sensemcst HaxoxcodeHue KOppeasimos IMoyuti, 0603HaAUEeHHbIX YHUKAIbHBIM
MHO020YPOBHEBbIM MY3bIKAIbHBIM Kaaccugukamopom EMUSE, 8 akmusHocmu Mo32a npu pocaywusaHuu aoou-
Moti my3viku. Hccnedyemcs pazeumue 3IMOYUOHAIbHBIX peakyuli ¢ oyeHKoll nonumodanrsHocmu 80chpusimust no
daHHwvIM 3eKmpoaHyedanozpammsl (I3I) mo3zza. OcobeHHocmpbio D3I npu npocayuusaHuu a06UMOL My3bIKU 18-
Jisiemcs yseiuueHue CeKmpanbHoli MOujHoCmu Gema- u 2ammda-pummos 8 HuxcHemeMeHHoU o0iacmu 060ux no-
JIyulapuii Kopsl, conpogoxcdaemoe yuacmuem 6a3danbHlx 2aHeaues Mo3za 8 passumuu smoyuti. ITonyueHHole Oam-
Hble caudemenvcmeym 00 00H08PEMEHHOM 80CNPUSMUU 38YK0BbIX CUZHAI08 MY3bIKAIbHBIX Menoduli 8 duanaso-
Hax Gema- u 2amMma-uacmom He MoJibKO CEHCOPHOLL CUCMeMOLi NepBUUHBIX CTYX08bIX YeHMpPOo8 Kopbl U Hecheyu-
uueckoii pemuxyaspHoti cucmemoti 8ocxodaujeli akmusayuu, Ho U JUMOUUECKOU cucmemotl IMOUYUOHANTbHO20

80306Y#c0eHUsl.

Kntoueeswie cnoea: smoyuu, D3I, pummst mo3za, my3vika, EMUSE, numbuueckas cucmema.

BBegenmne

[TporHo3upoBaHue 3MOIMOHAIBHOTO COCTOSI-
HMUSI aKTYaIbHO JIJIS COBPEMEHHOT0 00pa3a sKM3HM,
TaK KaK BKJIOUAeT HEe TOJbKO CYOBEKTUBHYIO
OIIeHKY COOCTBEHHBIX BO3MOXKHOCTEH, HO U CITO-
COGHOCTD K Pa3sBUTHIO 3QPEKTUBHOI TBOPUECKOIA
IesITeTbHOCTH.

Texunonorus EMUSE [1] aBnsieTcs ninaTdopmoit
IJIST CO3AAHMsT TTePCOHUMUIIMPOBAHHBIX OHJIANH-
HelipocepBMCOB Ha 6a3e aJiropUTMa OLEHKU MY-
3bIKM TI0 KPUTEPUSIM SMOLIMOHAIBHOTO BO3Zei-
CTBMS Ha CJIyIIaTess ¥ CTaBUT 1eJIbI0 MMPOTHO3U-
pOBaTh C GOJIBIION CTEIeHbI0 JOCTOBEPHOCTHM BO3-
IeiicTBMe MYy3bIKM Ha TICMX03MOLIMOHATbHbII BOJI-
HOBOI1 (hoH MO3Ta.

B oTmenpHBIX MccienoBaHusIxX [2, 3, 4] yxe OT-
MeUeHbI 3JIEMEHTBhl MPOTHO3MPOBAHUS IIPU MPO-
CIyIMIMBaHUM JIOOMMOI MY3bIKM B ITpollecce pas-
BUTUSI MeJIOJVHU U OKUIaHUS CUaCThsl. BbljIo moKa-
3aHO, YTO, KOT/Ia MMPOCTYIIMBAIOTCS JIIOOMMbIE Me-
JIOIVIY, BBISIBJISIIOTCST eVHbIe 00Iye 3aKOHOMEp-
HOCTU PasBUTHUS MICUXOIMOILMOHAIBHBIX COCTOSI-
HMiT KoMbopTa 1 yooBoAbCTBUS. [Ipy 9TOM JTH06U-
Masi My3blKa BbI3bIBA€T HE TOJAbBKO UYYBCTBO

KomdopTa, HO U OINpeNeJEHHbI TyIIeBHbI OT-
KJIMK ¥ MOXXeT BBOAUTb B 0CO60€ COCTOSIHME CO-
3HaHMs. Jlobumass My3blka MHOVBUIYaJIbHA, HO
MOKET 5MOIMOHAIbHO OOBEAVHUTH JIIOJEH TPy
OJIMHAKOBOM IICUX0IMOILIVIOHATbHOM HacTpoe.

V OT[IeTbHBIX JIUI] €CTh 0COOEHHO JTI06MMAst MY-
3bIKa, KOTOpPasl BbI3BIBAET SIPKVME SMOIIMM BILIOTh
IO OIIYIIEeHMSI MypallieKk Ha Koke. OHM TIPUHOCST
60J1bIIIE YAOBOJIBCTBYUS, UeM Apyrue Menoauu. bo-
Jlee MOAPOOHOE OIMCaHNe OCOOEHHOCTeN JIH6u-
MOJi MY3bIKM, TOATBEPKIEHHBIX HAYUYHBIMMU MC-
cJleoBaHUSIMU, TaHO B 0630pe [5], Te aBTop CChI-
JlaeTcs Ha paboThl, KOTOPHIE YCTAHOBUIIU, UTO JTIO-
6VIMbIe TTECHY CTUMYJIUPYIOT IEHTP YIOBOTbCTBUS
MO3ra, M3-3a Yero aKTUMBHO BBIHEJSIOTCS «TOp-
MOHBI CYaCThsI»: TO0DaMIUH, CEPOTOHUH U OKCUTO-
uuH. [Ipu a3TOM ckaHupoBaHue JII 1ToKasasio, YTo
aKTMBHO BKJIIOUAETCS B AeiiCTBME OPOUTOGPOH-
TanbHas Kopa mosra. OHa OTBeYaeT 3a 3MOLYO-
HaJIbHYI0 06paboTKY MOCTyIalollei MupopMaiun
M CUCTeMy BO3HarpakkaeHus. bomee Toro, 6bL10
0osbllle aKTMBHOCTM B MOTOPHOII KOpe, OTBET-
CTBEHHOII 3a IJITAHMPOBaHME U KOHTPOJIb IOBVIKE-
HMI1, @ TaKKe B IPaBOi BUCOYHOI A0Je, KOTOpas
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OTBEYAeT 3a CJIYXOBYIO 06pPabOTKY ¥ BOCIIPUSITHE
MY3bIKN.

[TpennonaraeTrcs, 4YTO NMPU 3TOM BKIKYAKOTCS
O6IIMpHbIE HENMPOHHbIE CeTH, OO0beIVHSIONINE
YPOBHM TMOJICO3HAHUS M OCO3HaHUS. BO3HMKaeT
HEeOOXOIMMOCTh HEIOCPEICTBEHHOTO M3YYeHUS
aKTMBHOCTY LIEHTPOB SMOLIMOHAIBHOIO BO30YK-
IeHUs U IeHTPOB HecHeuudueckoi akTUBaIuM,
BOCXOZIIel K MTOBEPXHOCTU KOPbI MO3Ta.

Ucnionb3oBanue curHasoB I3 mjas pasnude-
HMS SMOLIMII 1O HACTOSIIEro BpeMeHM OCTaETCs
CJIOKHOJ 3ajauveil M B OOJIBIIMHCTBE OMYOJIMKO-
BaHHBIX pabOT HAIIPABJIEHO HA OIEHKY ITPUMEHM -
MOCTU MYJIbTUMOZLAJIBHOTO MOAX0Ja U aKyCTU4Ie-
CKUX XapaKTepUCTUK MY3bIKaIbHOTO COLepsKaHUS
U1 KiIaccuuKaiyy SMOIMOHATbHON BaJIEHTHO-
CTY U BO30OYKAeHMsI. B 9TOM Ke HaIpaBJIeHUM UC-
MTOJIb3YIOTCSI i METOMbI MAIIIMHHOTO O0YUEeHMS IS
CUCTEMAaTUYeCKOTO BbISICHEHUS posiut I3[ U My3bI-
KaJbHBIX MOAATBHOCTEN B MOLEINPOBAHUU SMO-
unit. TlomydyenHast 3¢GEKTUBHOCTh MAIIMHHOTO
0byueHUs 74~76% C MUCIIOJb30BAHUEM MUCKITIOUM -
TeJbHO MomanbHOCTM D3I ObUIM CTATUCTUYECKA
COTOCTaBMMBI C TAKOBBIMU IIPU MCIIOJIb30BAHUU
MYJBTUMOZAJIBHOTO NoaxoxAa [6].

o cuX op MaJIo U3BECTHO O TOM, KaK MO3T 00-
paGaTbIBaeT SMOLMIO. ECTh MHOTO CIIOCOOOB BbI-
3BaTh SMOIMIO, OAHAKO My3bIKa — IPEBOCXOIHBIN
TPWILIEP U UCTOUHUK IMOLIUIL. B 0630pHOIT paboTe
[7] moka3aHO, UTO MY3bIKQJIbHbIA CTUMYJ MOXKET
OBITH UCIIOJIb30BAH B Ipefdesax apdekTuBHOI Ba-
JIEHTHOCTU (TIONIOKUTENbHOM WM OTpUllaTesb-
HOJ) M MHTEHCUBHOCTU (3KCTPEeMAaIbHOM UJIN HU3-
Koii). Tak 6b7Ia MCCaeoOBaHaA CBSI3b MEXKOY MPU-
3HakaMu D3I ¥ My3bIKQJbHBIMU 3MOIMOHAb-
HBIMU PeaKkIMUsIMU C UCTIOIb30BAHMEM 3TUX UEThI-
péx ypoBHeit kiaccudburaumu smoiuit. Viccieno-
BaJIV MIOJIOKUTEbHBIE U OTPULLATE/IbHbIE 3MOLIUN,
TakMe Kak CTpax, C4YacTbe, Mevajb, I'HEB, Hpa-
BUTCSI, HEe HPaBUTCSI, TpeBora U gempeccusi. [Toka-
3aHO, YTO TI0JIOCHI YaCTOT OeTa- ¥ TeTa- Jyyile OT-
paKalT COCTOSIHME IMOIMIA, yeM Jr0bas gpyrast
mosioca yacTtoT. [Ipenyaraercst Moaenb PpOHTAIb-
HOI1 TeTa-aCUMMeTPUM [JIS1 OLLlEHKM BaJ€eHTHOCTU
BBI3BAHHBIX IMOIMIA.

Vnoit moxaxon [8] msis co3manus Kinaccudmxa-
TOpa 3MOLMIA npeposaraer, YyTOo B

MYJbTUMOAA/TIBHBIX CTPYKTypaX Ba’XHO OILI€HUTb
SMOIIMOHAIbHbIE 0COOEHHOCTH, a 3aTeM 00beIu-
HUTb UX B Kiaccudukatope. B ocHOBHOM 3TO ciie-
IiyeT cTpaTerunu Jinbo Ha ypoBHe QyHKUMI pa3HbIX
MOJIBHOCTEI, 1160 Ha YPOBHE MPUHSITUS pelle-
HUii. XOTS MCIOJb30BaHME HECKOJbKUX MOJAb-
HOCTe MOTYT MOBBICUTb 3P HEKTUBHOCTD KIaCCu-
dbukaimumu, OHM MOTYT A€MOHCTPMUPOBATH BICOKYIO
pPasMepHOCTD U YCIOXKHSTh IPOLLECC TPOTHO3UPO-
BaHMS 1151 Hambosiee YyacTo MCI0/Ib3yeMbIX aJiro-
PUTMOB MHAVBUIYAIBHOTO ITOAO0Opa MYy3bIKAIb-
HbIX Menoauii. OgHAKO pe3yJbTaThl aHAIN3A pe-
yeBOi MHGOPMAIUM M aKTMBHOCTM MO3ra ITOKa-
3bIBAIOT IOCTATOYHO BBICOKYIO HaZE&KHOCTD Tpef, -
JIOKEHHO} MoJenu, The obIas mpeackasyemast
3(pheKTUBHOCTD C TOUKM 3PEHMSI CPeIHMX IT0Ka3a-
Tejieii TOYHOCTM cocTtaBisger 98,06%, 97,28% u
98,53% nnst 93T, peun M MyJIbTUMOIAIBHOTO pac-
TO3HaBaHMs COOTBETCTBEHHO.

Nutepec npencrasiaset peurenne EMUSE mnpu
co3maHny KimaccuduraTopa SMOIMII KaK MHCTPY-
MeHTa MPOTHO3UPOBAHMS M MOJETMPOBAHUS SMO-
LIMOHAJIbHOTO COCTOSIHMSA KAMeHTOB [1]. Mcmonb-
30BaHMe MnaTtTepHoB D3I, BKIOUAIOIINX peaklun
[JYOMHHBIX CTPYKTYpP JMMOGUUECKON CHCTEMBI
MO3ra B OLIEHKe MY3bIK&JIbHBIX 3MOIMIA, MO3BO-
JISIeT TIPEOA0JIETh OTPAHMUEHHOCTh Pa3HOOOpa3us
paccMaTpuUBaeMbIX SMOILIMI, KOTOpas XxapakTepHa
IIJIS paHee OMMCAaHHBIX KaaccupmUKaToOpoB.

Ons cosmanust knaccuduraropa EMUSE wmc-
MO0Jb30BaHa KPyropas 1Ikaaa SMOLUii [2], KoTopast
B 3HAUUTEJIbHON CTeIleHu Obljaa rnmepepaboTaHa B
IJIaHE MCMO0J/Ib30BaHUSI COOTBETCTBUS MeXAy pac-
npeneiieHeM SMOIUIT TI0 CTeNeHU BbIPaXKeHUS
BJIEHTHOCTY ¥ CUJIbI COITPOBOXKIAIOIIETO BO3OYK-
IleHus, C OJTHOM CTOPOHBI, M BOJTHOBBIMM TATTEP-
HaMH, XapaKTepHbIMU OJid aKTMBHOCTM MO3ra BO
BpeMsI TepekMBaHms STUX SMOLINIA, C APYTO CTO-
poHbI (cM. puc. 1A). BBemeHsl Takke paguaibHbIe
IIKaJIbl YPOBHEN 3KCIPECCUM OCHOBHBIX 3MOLIMIA,
pacIio/IOKeHHBIX Ha KpyroBo mkasne. Co3maH aj-
TOPUTM, KOTOPBIV MO3BOJISIET B pPeXUMe MPOCIy-
IIMBAHUS MY3bIKM €XX€EMOMEHTHO OTC/I€XUBATH €€
SMOLMOHAJIBHOE COAepskaHue, BbIAessl JOMUHMU-
PYIOLIYIO M MeAVaHHYI0 HallpaBJIeHHOCTM 3MOLIMIA
(puc. 1B).
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A. PacripeneneHne sMoI11it Ha KPYTOBOJA 1IKaje B COOTBETCTBUYM C PUTMaMU, XapaKTePHbIMU JIJIsT aKTUBHO-
CTM MO3ra, 1o cekTopam: E — sncumon 1-2 I'u; D — genbra 2-4 I'p; T — Teta 4-8 I'j; A — anbda 8-16 I';

B - 6eta 16-32 I'i; LG — Hu3kas ramma 32-64 I'i; HG — Bbicokas ramma 64-128 I'i. B. OmHOMOMEHTHOE OT-
pakeHMe B BUIe MHOTOYTOJIbHOM (UTypbl BHYTPY KPYTOBOJ IIKAJIbI CJIOKHOM PUTMUYECKON aKTUBHOCTY
MO3Ta C JOMUHUPYIOIIEl SMOIMe «paBHOAYIIIME» BO BpeMs IPOCTYIIMBAHMUS MYy3bIKI
Puc. 1. MysbikanbHbIl Kiaccuduratop smouuit EMUSE

[TosToMy IJIaBHBIM BOIIPOCOM HACTOSIIINX MC-
CJIeIOBaHUI SIBSIETCS BBISBJIEHME TOMWHUPYIO-
MIYX B [NYOMHHBIX CTPYKTYpaX LIEHTPOB BO30YK-
IeHMsT 9MOIIMOHAbHOM U BOCXO[IsIIIelt HecIelu-
(buyeckoii aKTUBALMM, HATIPABJIEHHON K ITOBEPX-
HOCTY KOpPBI TOJIOBHOTO Mo3ra. [Ipy mosyyeHuUn
pesyIbTaTOB MOKHO ObUIO ObI pacCMaTPUBATDh 3TU
CTPYKTYpbI KaK LIEHTPbI 3amyCcKa COOTBETCTBYIO-
MIMX HEeMPOHHbBIX CeTeif, 06ecreunBaoUUX IMO-
IIMOHAJbHBIN KOMGOPT, TBOPUECTBO, SMIIATUIO U
0CO0bIe COCTOSTHMS CO3HAHMS.

IIenp ucciaegoBaHUs

Ha ocHoOBe JI06MMBIX MYy3bIKATbHBIX MEIOIUIA
MpeAIoaaraeTcsl Co3maTh CIocob MHIMBULYAITb-
HOTO IMOA60pa TUIIOB MY3bIKQJIbHbBIX COITPOBOXKIE-
HMIT ayis Haubosiee KOMGBOPTHOTO TOCTUKEHUS
OTIpeIeIEHHBIX TICUXOIMOIVOHATBHBIX COCTOSI-
Huit. TIpy 9TOM MPOTHO3MPOBaHME COCTOSTHUI IIPH
MPOCTYIMIVBAHUYM MHAUBUIYATbHO MOJ0OpPaHHBIX
MY3bIKQIBHBIX MEJIOAI MOXKET OCYIIECTBJISThHCS
6Jy1aromaps MCIOJIb30BaHMIO CITEIIMATIbHO pa3pabo-
TaHHOTO MHCTPYMEHTa B BUJle KPUTEPUEB ITOJIN-
MOJAJIbHOM OLIEHKM aKTMBHOCTM MO3Ta, BKITIOUAst
BOCXOISIIYI0  HecrmeluduUeckylo aKTUBAINIO
KOPBI O0JIBIINX TOTYLIapUii, TTOJIMCEHCOPHOE BOC-
MpUSITUE U SMOIMOHATIbHOE BO30OYKAeHMe obpa-
30BaHMII TMMOMYECKOI CUCTEMBI.

OnHaKo 111 YTOUHEHMST HAIPaBJIeHHOCTY MY-
3BIKAJIBHOTO BO3MENCTBUSI B MHTEpecax KIMeHTa
HeOOXOAMMO  pacHIMpPUTh TIPEACTaBI€HUS O
HepoGhU3MOIOTNYECKUX MEXaHU3MaX aKTUBAIUA
MO3Tra € TOMOIIBIO JIIOOMMBIX MEJIOINIA.

KoHKpeTHbIe Hen MHAVBUIYAIbHOTO ITo60pa
Mejoauit, Hallpumep, MOTYT ObITh CJIemyIOIIye:
IJIST pacciaabaeHust ¥ OUIYIIeHUs TIPUSITHBIX 3MO-
UMit; [Jis cCoCpeloTOYeHMSI, TIOBBINIEHUsI YPOBHS
BHUMaHUS 1 pabOTOCIIOCOGHOCTH; IS CAMOO3M0-
POBJIEHUST; IJIST CHSITUSI CTPecca; AJIsl YCIIOKOeHMS
M 3achIlTaHMsI; TaHIEBA/IbHbIE; TPOTYJOUYHBIE C
PUTMOM Iara wiu 6era; BO3BBIIIEHHbBIE; IJIS CO-
CTOSIHUSI 60JIPOCTH, PaJOCTH, BAOXHOBEHMS U JTIO-
60i1 13 IIpeIaraeMbIX SMOLNIT; MeIUTATUBHbBIE U
Ip. KoHeuHbIM pe3ysbTaToOM MMPOCTYIIMBAHUS Me-
JIOAUI C SMOLMOHAIBHBIM COJepsKaHueM KOM-
dopra 6ymeT onpenenéHHOE COCTOSTHUE CO3HAHMSI.

Ha manHOM 3Tame wmcciemoBaHus CHOpMY/In-
pPOBaHbI ceyiole BOIIPOCHI:

1. Kakue putmsbl 3T 4OCTOBEPHO MEHSIIOTCS
BO BpeMsI MPOCTYIIMBAHUS JTIOOMMOM MY3bIKM I10
CpPaBHEHMIO C COCTOSTHMEM TTOKOSI, ICUXUUECKOI U
MBILIEYHO peslakcaumm?

2. Kakue cTpyKTypbl MO3Tra y4acTBYIOT B 3a-
mycKe M3MeHeHui puTmMoB I3[ Bo Bpems mIpoCiiy-
HIMBAHUS JIIOOMMOIT Meoaumu?

3.  Kakme cucTeMbl BOCXOASIIEN aKTUBALUU
TOJIOBHOT'O MO3Ta BO30OYKIAIOTCS M KaKye HeMPOH-
HbI€ CTPYKTYPBI 00BEAMHSIOTCS BO BpeMSI IIPOCITY-
IIYMBaHUST JIOOMMOII MeJoAMM TI0 CPaBHEHMIO C
onom?

4, Kak MeHSII0TCS CMCTeMbl B3aMMOJeCTBUS
MeXIy CTPyKTypamu Hecrelubuueckoit akTuBa-
LMY, 9MOIMOHATBbHOM aKTUBAIMM M CEHCOPHBIMMU
IIeHTpaMM KOpbl TOJIOBHOTO MO3Ta BO BpeMms
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MIPOCTYIIMBAHKS JTIO6MMOI MeoaAUM IO CpaBHe-
HUIO ¢ GOHOM B COCTOSIHUM TTOKOSI?

5. Kakoe 3HaueHMe MMeET MHOTOYPOBHEBBDIA
kinaccudurarop smounit EMUSE nis MHausumy-
aJIbHOTO BbIOOpA JIIOOMMOJT MY3bIKAJIbHOM MeJo-
OUM C YYETOM COOTHOIIEHUI MEXIY CUCTEMAMU
dKTMBallMy MO3Tra U CuCTeMaMM BOCIIpUATHUA CIIe-
IM(GUIECKUX CEHCOPHBIX CUTHAIOB?

6. Kakue BO3MOXHOCTU MOXET PAaCKpPbIBATh
MHOTOYPOBHEBBIN  KjaccuUKATOpP  3MOIMIA
EMUSE pmis MHAMBUIYaJIbHOTO IOAO0pa MY3bI-
KaJIbHBIX MeJIoauii?

Marepuajbl M METOIbI MCCIeAOBAHUS

B mcciaemoBaHMM y4acTBOBaja Tpyrina go6po-
BOJIBHBIX MCIIBITYEMbIX, 3aHUMAIOIIUXCS UHTEN-
JIEKTyaJbHbIM TpyZoMm (18 uesn., u3 HUX 9 XeHIUH
"1 9 My>XuMH), B Bo3pacte oT 30 no 60 ner. s no-
JIyUeHUsI OTBETOB Ha BbIIE ITOCTaBIe€HHbIE BO-
mpockl 1-7 6blIa TPOBeeHa PEerucTpaius 3jeK-
TposHIedanorpaMmbl (D3I) B COCTOSIHUM TICUXU-
YyecKoi M MBIIIEUHON peyiakcaluyy C 3aKPbIThIMU
rJla3aMM M BO BpeMsI MPOCTYIIMBAHUS JIIOOMMOIA
MY3bIKaJbHOM MeJOANM, VHOUBUILYAIbHOW IJs
Kak[Oro UCIBITYeMOTO.

Peructpamuio 33T mpoBoaman Ha 24-KaHallb-
HOM HejipoBusope NVX24 mpoussoacrtsa OO0
«MeAuIIMHCKME KOMIbIOTEPHBIE CUCTEMbI» C UC-
MOJIb30BaHMEM CTAHAAPTHBIX MOHOIOJSIPHBIX OT-
BeJleHMi1 B COOTBETCTBUM C IIPUHSTON MeKIyHa-
popHoi cxemoit 10-20 [9]. MccnenoBanus nNpoBo-
IWINUCh B CTAHAAPTHBIX YCAOBUSX, OAMHAKOBBIX
IIJISI BCEX UCIIBITYEeMbIX.

Cucrema 06pabOTKM JaHHBIX

st 06paboTKM JaHHBIX peructpauyyu D3I uc-
MOJIb30BAJIM TaKeThl KOMIbIOTEPHBIX MPOrPaMM,
obecrieunBaloNINX CIEKTPaabHbINi aHAAU3 peru-
CTPUPYEMbIX CUTHAJIOB U ToIorpaduieckoe kap-
TUPOBAaHME CIIEKTPAJIbHBIX XapakKTepucTuk I3
[10]. B pesynbTaTe nosyyanu pacrnpezeieHue mno-
Kaszarejeii MOITHOCTY YaCTOTHOTO CIIeKTpa I0 OT-
IeJIbHBIM 00JIaCTSIM Ha ITOBEPXHOCTM ITOJTYIIAPMii
mo3ra. Hcrmonp30BaH CTaTUCTUYECKUI aHaIn3
JAHHBIX IJI5 OlpefeieHns] JOCTOBEPHOCTU ITONy-
YEHHBbIX KaK MHONBUAYAJTbHbBIX, TaK U I'PYIITIOBbLIX
yCpeIHEHHBIX Pe3yJIbTaTOB.

C 1e/bi0 BBISIBJIEHMSI Hanbojee BbIpaskeHHBIX
peakiuii BBIYMUCSUIM JIOKAIU3alUI0 U pacmpee-
JIeHVe 3KBUBAJIEHTHBIX AOUIIOJIbHBIX MCTOUYHMKOB
(1) mponUCXOKOEeHUS 3JIEKTPUIECKO aKTUBHO-
CTU B INIyOMHHBIX CTPYKTypax mosra. [Ijisi 3TOro
OTIpelesisii U OTCJIEKMBAIM B 00bEME MO3ra ue-
JioBeKa JIoKanu3auuio 31U, BeIUMCIsIeMbIX B KaXK-
bl MOMEHT BPEMEHU, PABHBIN IVCKPETHOMY UH-
TepBaly OTCYETAa [OAHHBIX TIpU BBOAE B

KomIbloTep. [Iporpamma wucCmosib3oBanach s
TOTO, UTOOBI TMPOCAEAUTh BO3HUKHOBEHME I[eH-
TPOB 3JIEKTPUUECKON aKTUBHOCTU B CTPYKTypax
mo3ra [11]. Boripoc 0 COOTBETCTBUM JIOKaAM3aUUN
SKBUBAJEHTHBIX MICTOYHMKOB B TJTYOMHHBIX CTPYK-
Typax Mo3ra TO¥ 6M03/IeKTPUUeCKOit aKTUBHOCTH,
KOTOpasi perncTpMpoBagach Ha MOBEPXHOCTU TO-
JIOBBI, pelliaJIiCs CIlel[MaIbHbIM aJTOPUTMOM, B KO-
TOPOM PacCMaTPUBAINCh 3JIEKTpUUECKME CBOVA-
CTBa MO3ra Kak 06’68 MHOTO ITpoBOIHMKA [12, 13]. B
HEKOTOPBIX pPaboTax BBIUMC/ISEMBII pPE3yabTaT
paccMaTpuBaeTCsl KaK 5KBMBAJIE€HTHBIN TOKOBBIN
IUIob, o6o3Havaembiit T, B Apyrux paborax
TOT 3Ke pe3y/abTaT 0603HavaeTcst Kak U — skBU-
BaJIEHTHBIN OUMOJbHBIA MCTOUHUK ITPOUCXOKIE-
HuUs roTeHanoB J3T.

[l aHanu3a NIpUMeHSIIM OLHOLUII0/IbHYIO MO-
nenb DJU. TIpu uHTepIipeTalun pe3yabTaToOB pa-
OOTBI ITPOTPAMMbI YUMUTHIBAJIN, UTO BBIUMCIISIE MBI
IJISI aHAIM3UPYEMBbIX OOHOMOMEHTHBIX CEYeHUIl
23T TOKOBBIN IUTIOND SIBSIETCS] 9KBUBATEHTHBIM,
pesyJAbTUPYIOIIMM MCTOYHMKOM 3JIEKTPUYECKU
aKTMBHOJ B JaHHBI/i MOMEHT BpeMeHM 00JacTu
mo3ra. U xapakTepusyeT CyMMapHYIO 3JIEKTPU-
YeCKYI0 aKTMBHOCTb HEPBHBIX KJI€TOK, BOBJIEYEH-
HBIX B TeKYLIMIi MOMEHT BpeMEeHM B IIPOLIECC JIEeK-
TPUUYECKOTO BO3OYKIEHMS, U PACIIOIOKEH B 3JI€K-
TPUYECKOM IIeHTpe 3Toi 06s1acTu. IToaTomy Ko3d-
buieHT IUMOJBHOCTHM, KaK II0KasaTejib TOTO,
HAaCKOJIbKO TOYHO BBIYMCJIE€HHAsi 3KBUBAJIEHTHasI
JUIIONbHASI MOZE/b ONUCBIBAET NMPOCTPAHCTBEH-
HOe pacripefiesieHe TMOTeHLMAJIOB Ha ITOBEPXHO-
CTY TOJIOBBI, OGbUT MCITO/Ib30BaH Ha YPOBHE BbICO-
kux 3HaueHuii KI1=>0,97. IIpu stom 3U moteH-
IIMAJIOB C TaKMM BBICOKMM KO3hduIMeHTOM OU-
MOJBHOCTM MOTYT pacCMaTpUBATbCS KaK yKasa-
TeaM Ha Hambojee aKTUBHbBIE JIOKAJIbHbIE 30HBI,
3amyckawinye nocjiefoBaTe/ibHOe mepeMelleHune
BOJIHOBBIX IIPOLLECCOB. AKTMBHBIE 30HBI B KOPKO-
BBIX CTPYKTypax MoO3ra 00603HAYAITCS MOISIMMU
Bponmana [14]. Kpome Toro, B cTaTbe UCIOJb3Y-
I0TCS 00O3HAUYeHMST SIMEPHBIX U TaHTJIMO3HBIX
CTPYKTYp MO3Ta B COCTaBe TMMOMUUECKOI CUCTEMBI
" B COCTaBe HecrenubnuecKoit peTUKYISIPHOI CU-
CTeMbI BOCXOZSIEl aKTUBAIUM KOPbI TOTOBHOTO
Mo3ra.

PesynbTaThl UCCIETOBAHUS U UX 00CyXKIe-
HHUe

[McuxosMouMoHaNIbHOE COCTOSIHME 4YeloBeKa
HaMpsIMyI0 CBSI3aHO C OMHAMMYECKMM OaslaHCOM
MO3T'OBBIX pUTMOB. 3anuch I3[ BO BpeMsi IIpoCiy-
MMBAHUST JIIOOMMOI MY3bIKM C TOC/IeIYIOUUM
CIIEKTPaAbHBIM aHAAM30M TMO3BOJWIM CTOJIK-
HYTBCSI C HEKOTOPBIM MapafiloKCOM B aHan3e I0-
JIyYeHHBIX Pe3YIbTaTOB.
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F3, F4 FRONTAL

Ez FRONTAL VERTEX

F7, F8 ANTERIOR TEMPORAL
T3,T4 MID TEMPORAL

Ts, Te POSTERIOR TEMPORAL
C3,C4 CENTRAL

Cz CENTRAL VERTEX
P3, P4 PARIETAL
Pz PARIETAL VERTEX

01, 02 OCCIPITAL
0z OCCIPITAL VERTEX
A1, A2 EAR

A - Ipu MpOCTyIIMBAHMUM JTIOOMMOI MY3bIKM: HAOII0IaeTCSI JOCTOBEPHOE YBeMUEHYE CIIEKTPATbHOM
MOIIHOCTY raMMa-puTma B 30Hax T5 u T6 u 6eta2-putMa B 30He T6.

B - mpu npocaymmMBaHuu MeJIOAUY C coaepskaHueM 6a30B0ii SMOILINUY «pafgoCTh»: HABII0IAeTCS TObKO TEH-
IeHIUS YBeIMUeHUsI MOIIHOCTY raMMa-puTma B 30He P3. C — cTaHgapTHOE paclooXKeHe 31eKTPOoA0B Ha
TOBEPXHOCTHM I'oJIOBHI 110 cxeMe 10/20 (Ha KapTax KOpbl MO3Ta PaCIIOIOKeHbI I PpOBbIe 3HaUeHS KO3 U-
LIMEHTOB CpaBHeHMs N0 t-CTbIOAEHTY B COOTBETCTBUM C IIBETOBOJ LIKAJIONM B MPaBOil 4aCTU PUCYHKOB.
Vicnosib30BaH ABYCTOPOHHMIA TecT: p<=0,05 mpu t=>2,0; p<=0,01 ripu t=>2,1)

Puc. 2. i3MeHeHMsI ClIeKTpaabHOI MolnHocTy JIT B IuanasoHax JejabTa-, TeTa-, aibda-, 6etal-, 6eta2-
¥ raMMa-pUTMOB, TI0 CpaBHeHMIO ¢ (poHOM

Bbuta momyuyeHa o61uias s TPYIIbI UCIIBITYe-
MbIX 3aKOHOMEDHOCTb B BUIEe yBeIMYeHUSs CIIEK-
TPaJIbHOI MOIIHOCTY 6eTa- 1 ramMa-putmMoB 3T,
HECMOTPSI Ha TO YTO JIIOOMMbBIE MeNOoAuu ObLIU
pa3Hble, TaK KaKk ObUIM YHUKAIbHBI Y K&XKIOTO MC-
MBITYeMOTO U BBIOMPANCh U3 Pa3HBIX MY3bIKasb-
HbBIX XaHpOB (puc. 2A). HampoTtus, npu mpociy-
IIMBaHMUM OAVHAKOBOM IJISI T€X K€ MCIBITyeMBbIX
MeJioiuu ¢ 6a30BOI IMoLMe «pagocTh» (puc. 2B),
HeCMOTpSI Ha fApKMe MHAVBULYAIbHbIE peakly,
Ioc/ie yCpeJHeHMsl peaKkuuil B I'PYyIIe I10Ka3bl-
BaIM TOJNBKO TEHIEHUMM B M3MEHEHMSIX CIIeK-
TpasbHOI MoltHOCTH puTMOoB I3T [15].

JTO TOBOPUT O TOM, UTO KauyeCTBO 3MOLMO-
HaJIbHOTO BO30YXKIeHMSI ITPY MPOCTYyUIMBAHUM VH-
IMBUIYaNbHBIX JIOOMMBIX MeNOOMII MMeeT B
rpymme  Gosibliiee  CXOACTBO, 4YeM  IIpU

MPOCJIYIIVBAaHMUM OIHONM U TO¥ ke Mejioauu ¢ 6a-
30BOI1 9MOILIMeN TTOOXKUTEIbHOTO 3HAKA.
IpenmnosnaraeTcs, 4TO JOOMMash My3blka B
0oJbIlIel CTeNIeHM BAUSIET Ha YPOBEHb ITO/ICO3HA-
HMSI, BBI3BIBASI HE TOJIBKO YYBCTBO KOM(DOPTA, HO U
OYIIEBHBI OTKIMK. A MOPOCTyIIMBaHMUE IPOCTO
TIPUSITHOM MY3bIKU, TOXE BbI3bIBAIOIIEN UYBCTBO
KoMmdopTa, IO3BOJSIET, OJHAKO, CHOeNaTh 6Goee
OCO3HAHHbIIT BbIOOP peaKiyy, CBSI3aHHbBIN C OITbI-
TOM BOCIIPUSITMS WM TMAMSITbIO. DTOT OCO3HAaH-
HBIIi BBIOOP MMeeT YETKME MHIUBUIYaTbHbIE Pa3-
nnaus. I[losToMy, HeCMOTPS Ha SIpKUe UHOUBULAY-
ajqbHBIE peakluu, COMPOBOXKIAIOIIMECS] U3MEHe-
HuaMu I21, rpynnoBoi CTaTUCTUYECKUI aHaAIU3
M3MEHEHUIN aKTUBHOCTM MO3ra BbIJAET TOJBKO
TeHJIeHLIVIO B cOBUrax CIEeKTPaIbHbIX
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XapaKTepUCTUK 13-3a GOJIBIIOrO pasdpoca Iep-
BUYHbIX 3HAUEHMIA.

Mys3bIKa MOKET OTpaskaTh TJIYOMHHYIO YejioBe-
YeCKYIO CYITHOCTbD, I/ie B eIMHCTBE HAXOASITCS CO-
3HaTe/IbHOE ¥ Gecco3HaTe/IbHOe, SMOLMOHAIbHOe
u yoruyeckoe. OJHUM U3 CPENCTB MOCTUKEHUS
BHYTpPEHHE rapMOHUY BCETIA CUMTAIACh MY3bIKa
[16]. Ocob0e BHMMAaHME TPUBIIEKAET JTIOOMMAsT MY-
3bIKa, KOTOpas B 60JIbIlIeit cTereHu obecreunBaeT
BBIXOJ, B TIOJICO3HAHME 10 CPAaBHEHMIO C MEJIOIN-
SIMM, BBI3bIBAIOIIMMM SMOLIMM ITOJIOXKUTEIbHOM
BaJIEHTHOCTH.

@DaKTUYECKM 3aKOHOMEPHOE ITOBBIIIEHME BbI-
cokoyacToTHOM JIT' B 6eTa- ¥ raMmMa-auana3oHax
MIpY TIPOCTYIIMBAHUYM JIIOOMMOM MY3bIKM MOXKET
OBITH CBSI3aHO KaK C Hecrenuduueckoil BOCXosi-
el aKTUBaIMeil CO CTOPOHBI CTBOJA MO3Ta U
simep Tajamyca, Tak ¥ ¢ SMOIMOHAIbHOM aKTMBHO-
CTBIO IMMOWYECKOII cucTeMbl. [I03TOMY BO3HMUKIIA
Heo6XOOMMOCTh OTBETUTh Ha BOIIPOCHI: KaKoe

A

COOTHOLIEHNA
60+

COOTHOIIIEHVE MEXIY MPOoIleccaMy BO3OYKIEHNS
BO3HMKAET B 3TUX ABYX aKTUBUPYIOMIUX CUCTEMAaX
M Kakyue CTPYKTYpbl TOJIOBHOTO MO3ra, B MEPBYIO
ouepen, 06eCreunBaoT UX BO30YKIeHMe?

Ha puc. 3 mpencraBjieHbl CTOMOIBI, OTOOpaska-
I0ll[/ie BEePOSITHOCTb TOBBIIIEHHO! aKTUBHOCTU
OTZe/IbHBIX Tonelt bpogmana (BA) Ha yacTtoTe 20-
30 'y Gera-muarna3zoHa KpacHOTO LiBeTa M Ha va-
crote 30-45 Ty raMMa-auana3oHa ceporo IiBeTa.
BepossiTHOCTb BO36YKAEHMS OTHEIbHBIX CTPYKTYP
KOpbl MO3ra 3HAUMTEIbHO BbIllle B GeTa-muara-
30He 10 CpaBHEHUIO C raMMa-I1ana3oHoM 4YacToT
" npeobianaer B ClenylUMx moisx bpommana:
7,18,19 B HOBOM Kope u 23,30,31 B cTapoit Kope
JMMOMYeCcKoii cucTeMbl. PaHee 6bUIO ITOKa3aHO
[17], 4TO aKTMBHOCTb B IlepeiHeli YaCcTy IIpeK/Iu-
Hbs1 (BA 31) 1 B 3amHelt mosicHOM u3BuinHe (BA 23)
M30UPATENIBHO KOPPEIUPYIOT C aKTUBHOCTHIO
HelipoceTeil Kak C MMOJIOKUTEeIbHbIMY, TaK U C OT-
pHULIaTeTbHBIMMU CBSI3SIMMU.

B

50

401

30+

20

10

Mona § 7 17 18 19 20 21 22 23 27 28 29 30 31 35 36

BpoamaHa

cmmmmemmmmeeeed  Hagaiive comalations
—— Poskive comslations

A — OTHOCHKTe/IbHAS BCTPEUAEMOCTD (%) B rpyIINe UCIIbITYeMbIX ITOBBIIIEHHO aKTUBHOCTU
roseit BpongMana (0603HaUE€HHBIX HA OCY OPAMHAT) B YaCTOTHOM Jyarna3oHe 6eTa-putMa 39 — KpacHble
CTOJIOLIBI ¥ B IMaria30He raMMa-puUTMa —cepble CToJI01bl. Hanbosee akTMBHBI B 6eTa-IyanasoHe moJst
BbponmaHa B HOBoO1 Kope 5, 7, 17, 18, 19, 20, 21, 22, 27, 28, B cTapoii kope (girus cingulus) 23, 29, 30, 31,
B ApeBHeii Kope (hippocampus) 35, 36 (Ha ocu abciycc).
B - HelipoceTy ¢ IOJIOXUTENBHBIMU U OTPULIATEIbHBIMU KOPPeISALMSIMU CBASHOCTH [16]

AXTHBHOCTb B peTPOCIIJIEHMAIBHO Kope (110
Bponmana 29 u 30) n36uparteabHO KOPpeaupyeT ¢
AKTUBHOCTBIO B 3aHUX Me30IMMONYECKUX CTPYK-
TypaxX, BKIO4Yas MMHIOAJIMHY M IMaparuiirmoKaM-
MajabHYI0 KOPY; aKTUBHOCTb B BEHTPAIbHOI YacTu
nosist Bpogmana 7 u36upaTesibHO KOppennpyer ¢
aKTMBHOCTBIO B 3aTbUIOYHOM U 3aAHeil BUCOYHOIA
Kope. JTO TIOKa3bIBaeT, UTO, B JOIOJTHEHNE K 06-
MM CeTSIM, Kaskast 06J1aCThb B IIOSICHO U3BUIMHE

MMeeT YHMKaJIbHble MATTEPHBI CBSI3HOCTU Kak C
KOPKOBBIMM, TaK U C MNOAKOPKOBBIMU CTPYKTY-
paMu, yYaCTBYIOIIMMMU B PA3IUYHbIX BBICIIUX aC-
COIMaTUBHBIX IIpolleccax. 3aJHeBeHTpaIbHAasI 06-
JIaCTh TOSICHOJ M3BWIMHBI (QYHKIMOHAIBHO CBSI-
3aHa C BMU3YaJbHON CeThI0. ATO DYHKIMOHATBHOE
B3auMMOZeliCTBMEe MOXET IOATBEePAUTDH TUIIOTE3Y
[2] 0 TOM, UTO BOCIIPUSATME MY3bIKM UCIIOIb3YET TE
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5Ke HelipOHHbIe CyOCTpaThl MO3Ta, YTO U JIJIST OPU-
eHTalMy B TPeXMepPHOM IIPOCTPAHCTBe [3].
Bcraér BOmpocC: Kakme SOepHble CTPYKTYPbI
MO3ra rnepenaioT BO30YKIeHe B TepeuncaeHHbIe
o6actv Kopsi? Ecyiv HanboJiee akKTMBHbBIE S9KBMBA-
JIEHTHbIE OUIMOJbHbIE UCTOUYHUKU (D) mpouc-
XoxxgmeHus 6era-putma ¢ KI=>0,97 pacmpemensi-
IOTCSl TIPEMMYIIECTBEHHO B KOPKOBBIX TIOJISIX
BbponmaHa, Kak Moka3aHo Ha pUC. 3, TO aKTUBHbIE
DIV ramMa-puUTMa C TeM XKe Ko3pdbuiimeHTOM A1-
MTOJIBHOCTHM JIOKAU3YIOTCS B SIIEPHBIX CTPYKTYpax
BOCXOsIIelt Hecrelupuueckoi CUCTeMbI CTBOJIA
MO3ra ¥ B OTJe/bHbIX 6a3aIbHBIX SIpax IMMOMue-
CKOI1 cucTeMsl (puc. 4). Bo Bpems mpocaymmBaHus
NM06MMoi Menonuu (cM. puc. 4B) B 4aCTOTHOM
IuanasoHe raMMa BO30YKIAIOTCS ceTuaTbie o6pa-
3oBaHMsa B Mesencephalon - Nucleus Ruber,
Substantia Nigra 1 oTaenbHble siApa Tasamyca. AK-
TUBHOCTb JIMMOMUYECKOI CUCTEMBI B raMma-Iua-
Ma30He YacTOT 3alyCcKaeTcs LieHTpamMu 3MOIMO-
HajabHOTO BO30OYKmenusi Putamen u Corpus
Amygdaloideum, a Takske Globus Pallidus, Nucleus
Caudatus. B 1esom, Bo BpeMsl IIpOCTYIIMBaHUS
JIIOOMMBIX MeJIOAUii MO CpaBHEHUIO C (POHOBBIM
COCTOSIHMEM TIOKOSI YBEJIMYMBAETCS KOINYeCTBO
IIEHTPOB C BBICOKMM YPOBHEM HENPOHHOIA

A

1 daf FT

20H Geta-purma 20-30 Ny KO=>=0.97

aKTMBHOCTM TraMMa-Iuara3oHa Kak B JuMMOuue-
CKOJi CHCTeMe, TaK U B HecIeuupuueckoi peTuky-
JISPHOI1 CUCTeMe CpeJiHero Mo3ra 1 Tajamyca.

Camble GBICTpBIE peaKIMy B CTPYKTypax MO3Ta
OOBIYHO BO3HMKAIOT B OTBET HAa CEHCOPHbBIE pa3-
apaxuTtenu. [Ipy NpocaymIMBaHUU MY3bIKU BO3-
MOSKHBI OBICTPBIE peakiuu Ha pusuveckue 3BYKH,
HauMHas C IepBUYHOI 30HbI CTYXOBOTO BOCIPUSI-
TS — noneit 41,42 u 20, 21, 22 no bpoagmaHy B BU-
couHOi1 ob6actu. OgHaKO B JaHHOI paboTe 0OHa-
py)KeHO, UTO Haubojiee aKTUMBHbIE 30HBI BHICOKO-
YaCTOTHBIX CUTHaIOB D3I Mpu BO3OeiCTBUM JTIO-
6uMoit Menoauy (puc. 4B) BO3HMKAIOT HE TOJIbKO B
MePLMYHBIX [IEHTPaX CTYXOBOTO BOCTIPUSITUS, HO U
BHE BMCOYHOJ 30HbI — B 6a3aJbHbIX TaHTJIMSIX
MO3ra — B LIeHTpaxX BO3OYyKIeHus sMoIuii. Bos-
MOSKHO, BBICOKOYACTOTHbBIE KOJeOaHUs HepoH-
HOJ aKTMBHOCTM CIIOCOOGCTBYIOT 0o0Jiee TOHKOIA
HaCTpPOJiKe 3MOLMOHAIbHOM aKTUBALUU JIUMOU-
YeCKOW CUCTEMBI M BOCXOJSINEl Hecrelnuduye-
CKOI aKTUBAIIMU PETUKYISIPHBIX CTPYKTYp. CTaHO-
BUTCSI OYEBUIHBIM, ITOUEMY HEKOTOpbIe 3MOIUU
COTIPOBOXIAIOTCSI BBICOKOYACTOTHBIM PUTMOM
D3I B COOTBETCTBUM C KJIACCUPUKATOPOM IMOIMIA
EMUSE (cm. puc. 1A cekropa LG 1 HG).
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A — hOH B COCTOSTHUM TICUXMUUECKO ¥ MBbIIIIeUHO penakcanynu. O6o3HaueHus moJieit BpoamaHa ¢ JIoKaau-
3aiueit DIV 6era-putMma: 6,27, raMMma-puTMa 38. B — Bo BpeMsI MPOCTYIIMBaHMS TI06MMOi1 MY3bIKU B TEX
ke yeimoBusx. Jlokanusaiys DIIU 6eta-putMa B mmossx bpogmana: 7, 18, 23, 27, 30, 31; raMMa-puTMa: mes-
encephalon, thalamus (nucleus ventralis anterior), putamen, corpus amygdaloideum, BA 28, 38, 44
Puc. 4. Pacnpepenenue 3 B CTpyKTypax rOJI0OBHOTO MO3ra

Hekotopass dyacTOTHasi IIOC/IefOBaTe/bHOCThb
pa3BMBaeTCs BO BpeMs BOCIIPUSITHSI SMOLIVIOHAJIb-
HBIX CUTHAJIOB JIIOO6UMOI Menmoauu. Puc. 4 (B) mo-
Ka3blBaeT, YTO BBICOKOYACTOTHas peakumst D3I
raMMma-Jyuana3oHa BO3HMUKAET [IPeuMylleCTBEHHO

B SITEPHBIX CTPYKTYpax PETUKYISIPHOI dopmalium
M B 6a3aJbHBIX TAHIVIIUX MO3ra, OTBETCTBEHHBIX
3a ¢opMupoBaHue smouuit. U mpoucxoskaeHus
6ojiee MeIJIEHHOTO OeTa-pUTMa JIOKaJIU3YIOTCS
MIPEMMYIIECTBEHHO B CTPYKTYpaxX CTapoil KOphIi—
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TTOSICHOJ U3BUJIMHE U B HOBOI Kope — BA 7, 18, 23,
27,30, 31, 4TO IAET BO3MOKHOCTD IIPEATIOIOXKNUTD,
YTO Ha 3TOM 3Tare BOCHPUSITUS TPOUCXOIUT Iep-
BUYHAs 00paboTKa CUTHAIOB, IOCTYIAIOIIMX B
MO3T Yepe3 PeTUKYJSIPHYIO CUCTEMY BOCXOZSIIIeli
Hecrendnueckoii akKTUBAIMK U Yepe3 TuMouue-
CKYIO CUCTEMY.

CormocraBneHne OaHHbIX Ha puc. 4 (A) n (B)
ybexkmaeT B TOM, HAaCKOJIbKO 0ojiee aKTMBHA
HelpOHHAs AesITe/lbHOCTh MO3ra BO BpeMs Mpo-
CJTyIIVBaHUS JTIOOMMO MeJIOAMM 110 CPABHEHMIO C
(OOHOM B COCTOSIHMU TICUXUYECKOV Y MBIIIEUHO
peyiakcaium.

JIto6as 3Byyaliasi My3bIka eCTh ITOTOK aKyCTU-
yeCKMxX KoyeGaHmit CI0KHOI GOpMBbI, BO3AEICTBY-
1011t HA MO3T B IIMPOKOM CITeKTpe aKyCTUUeCKUX
YacToT, BKIIOYAsl (GOpMabHO He CIIbIIIUMbIE MH-
dbpanuskme (pUTMHUKA, MMYIbC, AMHAMUKA JIBUKE-
HUS B IIPOCTPAHCTBe). VI MO3T, B IIepBYI10 ouepepb,
OTKJIMKAeTCsI Ha BO3JAEeNCTBME 3TOTO aKyCTU4e-
CKOro IIOTOKAa MY3bIKM M3MeHeHMueM OajaHca
CBOMX BOJHOBBIX PUTMOB, OTPaKAIOIIUX TICU-
X09MOIIMOHAIbHOE U (PU3MOIIOTUYECKOE COCTOSI-
HMe YeJ0BeKa.

3akimoueHne

Ha manHOM 3sTame uccaeOBaHUIL y CaylniaTe-
JIeil JTI0OMMBIX MeJIOJMT paccMaTPUBaIUCh BbICO-
KouacToTHbIe peakuum DT 6era (20-30 T'u) u
ramma (30-45 I'q) putmoB. Ciaeayroimuii 3Tar Io-
CBSIIIEH M3YYEHUIO MeJJIeHHBIX KOJiebaHMii MO3-
rOBOI1 aKTMBHOCTM B AManasoHax genbta (0,5-3,5
I'm) u tera (3,5-7 ') putmoB. IIpenmosnaraercs,
YTO pacIliMpeHne UCCIef0BaHNI YaCTOTHBIX CIIeK-
TPOB CIIOCOOGCTBYET Pa3BUTUIO MPEICTABIEHMI O
paboTe wHeiipoceTeit M UX B3aUMOMENCTBUU B
ornpeeNéHHbIX BpEMeHHbIX MHTepBaJIaX, UTO M03-
BOJIUT JaBaTh OLIEHKY 3HAYMMOCTU U CMBbIC/IA BbI-
TOJIHSIEMBIX MO3TOM 3a/,a4 IIpy COIMOCTAaBIEHUM C
SMOILMOHAIbHBIM COZEepIKaHMeM JIIOOMMOI My-
3BbIKU.

EMUSE - my3bIKanbHblit ki1accudukaTop 3Mo-
LW B IpeJijlaraeMOM MCCIeSOBaHUM 1Al BO3MOXK-
HOCTb OOHAPYKUTH COOTBETCTBME MEXIY MY3bI-
KaJbHBIMM MATTEPHAMM U peakUUsIMMU MO3ra, U3-
MepsieMbIMU 0 AaHHbIM peructpauuy I3I. Yuu-
ThIBasi KOMMYHMKATUBHbBIE CBOMCTBA CO3HAHWUSI,
aBTOPBI YAEIUIN BHUMAHMUE U3YUEHUIO JTI0OMMOIA
MeJIoo MM, TI03BOJISIONIel BO BpeMsI UCTIOHEHUS U
MPOCTYIIMBaHUS 06€CITeYNTh KOHTAKT KakK Ha MH-
TYUTUBHOM, TaK M HA OCO3HABA€MOM YPOBHSX
MeXIy CayliaTejieM, CO3LaTeleM U UCIOJTHUTE-
JleM MY3bIKaJbHOTO MpoM3BeJeHMs1. B KkauecTBe
O0OBEKTUBHBIX ITOKAa3aTeseil TAKOr0 KOHTAaKTa CO
CTOPOHBI CJIyHIATeNs MO AAHHBIM DPErucTpanuu

D3I 6bLIO BBISIBJIEHO yBeJMUEHME CIEeKTPaIbHOI
MOIITHOCTY BBICOKOYACTOTHBIX PUTMOB, @ BBIUMC-
JIeHUSI SKBUBJIEHTHBIX AUIMOJbHBIX UCTOYHUKOB
(O0V]) MPOUCXOXIEeHUSI STUX DPUTMOB II0Ka3ajio
BO3HMUKHOBEHME OIpeJe/IEHHbIX 1IeHTPOB IOBBI-
IIIEHHOJM HEeMPOHHOM aKTUMBHOCTM B CTPYKTypax
mo3ra. ['pynmoBsie OOCTOBepHBbIE M3MEHEHUS B
BUJIE YBEIMYEHUS CIIEKTPAIbHOM MOIITHOCTHM 6eTa-
M TraMMa-puUTMOB B HIDKHETEMEHHON 006/acTu
060MX MOJTyIIapuit KOPbl MO3Ta COIMTPOBOKIAINCD
TakuM pacmpeneneHuem DU MTPOUCXOKIEHUS
3TUX PUTMOB, KOTOPOE YKa3bIBAJIO HA YBEJIMYEHNE
KOJINYECTBA LIEHTPOB C BBICOKMM YPOBHEM BBICO-
KOYaCTOTHOM HEePOHHOI aKTUBHOCTU KakK B JIMM-
61YeCKOoii cucTeMe, TaK U B HecIeluduueckoit pe-
TUKYJISIPHOJ CUCTeMe CpeJHero Mo3ra 1 rajzamyca.

TakuM 06pa3oMm, IoKasaHo, 4To DU jJoKasb-
HOTO BO36YKIeHus1 6eTa- M raMMa- PUTMOB pac-
MpefessioTCsl He TOAbKO B IEHTPax CJIYyXOBOTO
BOCHIPUSITUSI BUCOUHOI KOPBI, HO U B CTPYKTypax
BOCXOJsIIei Hecrenupuueckoil CUCTEeMbI Cpef-
Hero mMo3ra M Tajlamyca, a Takke B CTPYKTypax
JMUMOUYECKOIi CMCTEMbI, OTBEUAIOMIVX 38 SMOLIUN:
siIpaXx MWHOAJI€BUIHOTO KOMILIEKCa, CKOPJYIIHI,
6J1eIHOTO IIapa, B KBOCTATOM SIipe, B ITOSICHOJ 13-
BWJIVHE, B TUIIIIOKaMIIe, B [IaparuinokamMiaaibHOM
U3BUJIMHE U B OTAEIbHBIX 30HaX KOpbl Mo3ra. [Tpu
9TOM HYKHO OTMETUTb, UTO DU GeTa-puT™Ma ua-
crotoii 20-30 Ty pacnpenensiioTcsl MpeuMylie-
CTBEHHO B CTPYKTypax MO3ra, MMeIIX CTpoeHe
KOpbl ¥ 00O03HAYEeHHBIX IOJASIMM bBpommana, a
raMmMa-putMa 4actotoit 30-45 I' — B TaHI/INO3-
HbIX U SIIEPHBIX CTPYKTypax JUMOUYECKOI CU-
cTeMbl 6a3abHBIX OTAEIOB MO3Ta U Hecrenudu-
YeCKOJ peTUKYJISIPHOM CUCTEMBI CpefHero Mo3ra u
Tajamyca. OTO TOBOPUT O HEKOTOPOI Iocae0Ba-
TEJIbHOCTY BO30OYKIEHMUS 3MOIMOHAIBHOIO CUT-
HaJja, COMPOBOXAAIIEr0 CIYXOBOE BOCIIPUSITHE.
IIpu 3TOM, Y OTAENbHBIX UCIIBITYEMbBIX BO36OYKIe-
HJE SMOLMOHAIbHBIX LIEHTPOB JTMMOWYECKON CH-
CTeMbI BOBJIEKAET B aKTUBHOCTb OOJIbIIIEE KOTMYe-
CTBO TaHIVIMO3HBIX U KOPKOBBIX CTPYKTYp, Uem
BO30YKIeHMe PETUKYISIPHON CUCTEMBbI BOCXOMS-
LIei akTUBaLUM MO3Ta.

[MTosryyeHHbIE JaHHbIE CBUIETEIBCTBYIOT 00 O/I-
HOBpPEMEHHOM BOCIHPUSITUM 3BYKOBBIX CUTHAIOB
yepe3 aKTMBAIMIO HA YacToTax 6eTa- M ramma-
putMoB III' KaK CEHCOPHOJ CUCTEMON IepBUY-
HBIX CJTYXOBBIX IIEHTPOB KOPBI, Tak 1 Hecrenudu-
YeCKOJ PeTUKYJISIPHON CUCTEMOM BOCXOSIIEN aK-
TUBAILIMY OTHOBPEMEHHO C JMMOMUECKOI cucre-
MOJi SMOIIMOHAIBHOTO BO36YKIEHNS.

Hejipodusmonormueckue IpencTaBieHUs o
MOJMMOJAJIbHOM ~ BOCIIPUSATUM  MY3bIKaJbHBIX
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SMOILIMOHA/JIbHBIX MeJIOAMII TO3BOJISIIOT 3HAUM-
TeJIbHO PaCIIMPUTh U YIIYOUTh U3yUeHMEe MHOIO-
00pasusi SMOLMOHAIbHBIX COCTOSIHUI. [laHHbIE
Mccaeq0BaHMs IPOBEIEeHbI C 11e/Ibi0 000CHOBAHMS,
YTOYHEHUS U [JalbHelIIero pasBUTHsl BO3MOKHO-
CTeii MY3BIKaJIbHOTO KiaccuduraTtopa SMOIMIA
EMUSE, KOTOpBIN yke MO3BOJISIET OTC/IEXUBATh U
MPOTHO3MPOBaTh KauecTBO MHAMBUIYATbHOTO
BOCIIPUSITUSI MY3bIKQJIbHBIX MEJIOAUII U CIIOCO6-
CTBYET CO3[JaHUI0 KOPPEKLMOHHBIX MOIMPaBOK B
3aBUCUMOCTHU OT IIeJIM UX MCHOoIb30BaHusI. OgHO-
BpPE€MEHHO aBTOpbl pacCMaTPUBAIOT Mapasielib-
HbIe ITPOLIECCHI, CBSI3AHHBIE C OCOOBIM BOCITPUSI-
THEM CJylIaTesss SMOLMOHAJIbHOTO HAIOJHEHUS
MY3bIKM TBOPUECTBOM MCIOJHUTENEN U co3hare-
Jieli My3bIKaJIbHbIX Mpou3BeneHuii. Takoe Hero-
Cpe[iCTBEHHOe BO3JeiCTBMe MY3bIKM Ha CJIyIia-
TeJISI CIIOCOOCTBYET pacHIMpeHNI0 chepbl BOCIIPHU-
SITUSI, KOTOPOE B/IMsIeT Ha OCHOBHBIE CBOJICTBA CO-
3HAHMS YeJIoBeKa, 06ecrieunBaloIyie KOMMYHMKA -
TUBHOCTb, SMITATUIO, TBOpPUYECKME CIIOCOOHOCTH,
camMopa3sBUTHE U CaMOO30POBJIeHME.

XaosLab paspabaTbhiBaeT IpaKTUYECKUE Me-
TOABI OIS BBISIBAE€HUSI CKPBITBIX U MMILIULIUTHBIX
MaTTEPHOB B My3bIKe, HECYIIVX CBOI BKJIa[, B 9MO-
LIMOHAJNIbHOE BO3JIEICTBME HA COCTOSIHME Uejo-
BeKa. B pesysnbrare O6bUI CO3[aH aJrOPUTM aHa-
JI3a SMOLIMOHAIbHOTO BO3AECTBIUS MY3bIKM, KO-
TOPBI YUNTHIBAET MEXaHU3MbI IIPOTHO3MPOBAHMS
COBBITUI, UTOGBI OMpPENeINTb, KaK HaIl MO3T OT-
pearupyeT Ha pa3BUTHE MYy3bIKQJIbHOI TEeMBbI.
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MUSICAL EMOTION CLASSIFIER AND HIGH-FREQUENCY EEG PATTERNS
OF EMOTIONAL PERCEPTION OF YOUR FAVORITE MUSIC

Abstract. The goal of the study is to find correlates of emotions, designated by the unique multi-level music
classifier EMUSE, in brain activity when listening to favorite music. The development of emotional reactions is
studied with the assessment of multimodality of perception based on electroencephalogram (EEG) data of the brain.
A feature of the EEG when listening to favorite music is an increase in the spectral power of beta and gamma
rhythms in the inferior parietal region of both hemispheres of the cortex, accompanied by the participation of the
basal ganglia of the brain in the development of emotions. The data obtained indicate the simultaneous perception
of sound signals of musical melodies in the beta and gamma frequency ranges not only by the sensory system of the
primary auditory centers of the cortex and the nonspecific reticular system of ascending activation, but also by the

limbic system of emotional arousal.

Keywords: emotions, EEG, brain rhythms, music, EMUSE, limbic system.
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I'EOJIOTUA

AJIb XYBAWIIIN A6pynmainek Cagexk
Vdumcknit rocynapcTBeHHbI HePTSIHOM TEXHNYECKNUI YHUBEPCUTET,
Poccus, r. Yoa

NIIEMI'Y>KUH Urops EBrenbeBuy
K.T.H., IOLIeHT, YPMUMCKII TOCyIapCTBeHHbIV HePTIHOM TeEXHNYECKNUI YHUBEPCUTET,
Poccus, r. Yoa

BUJIBJAHOB Xauud CanumoBuu
npodeccop, TOKTOp hbmiocodCKUX HAYK,
Ydumckuii rocymapcTBeHHbI HeTAHO TeXHUYeCKuit yHuBepcureT, Poccus, r. Ya

PA3JINMYHBIE KOHCTPYKIINUA IJIS1 CHVDKEHVSI BUBPALI
YCTAHOBKMU 3JIEKTPOLUEHTPOBEXHOI'O HACOCA

AHHOmMauus. B cmamee 661710 paccMompeHo 8030deticmeue subpayus Ha pabomy YIILIH u npuuuHs! ee 803HUK-
HogeHus. Tak xce ObLIU pACCMOMPEHbL U3BECHbLE UCC/IE008AHUS, ONUCLIBAIOUjUE NOBbIUIEHUE YPOBHS 8UOpaAYUU U
npeonoxeHvl pasnuuHsle KOHCMPYKYUU 011 CHUMXCeHUs subpoakmusHocmu YILI, Hanpumep, pasiuuHsie zacumen
8UbGpayUU U 8bis6JIeHbl UX OCHOBHblE HeAOCMAMKU. Ycmanocms 603HUKAEN U3-3a NOBMOPAIOWUXCA HAZPY30K, NpU
2MOM CUNbL, 8bl3bl8AOUUE YCMAIOCMHbBlE PA3PYULEHUSs, 20pa300 MeHee 3HaUUMETIbHbL, UeM me, Komopble npuseau
Obl K naacmuueckum degpopmauusm u u3-3a 803deticmsust yCmanaoCcmuozo usaoma 8 6oasuueti uacmu cmpadarom
wuyesvle CoeQUHeHUs 8ala U3-3a Hanuuus 60JIbU020 KOUUeCmea KOHYEeHmMpamopos paspyueHus 8 30He ux co-
eduHeHus ecnedcmalie yMeHblleHUs naoujaou eana npumepHo 8 2 pasa. Kaxobili u3 smux memodos u KOHCmpyK-
yuii Mmoxcem 6b61mb NPUMEHUM 8 PA3JIUUHBIX CUMYAYUSIX 8 3A8UCUMOCMU 0 0C0OeHHOCMell KOHKPEeMHOLl CK8AMCUHbI
u ycaosuti axcnayamavuu. Onpedenerue Haubosee nooxodsauezo nodxoda mpebdyem npopeccuoHanbHO20 aHANU3a
U KOHCYbMayuu ¢ UHMeHepamu U cneyuanucmamu 8 0aHHoti obaacmu.

Knroueewte cnosa: subpayus YIIIH, subpayus ITDLIH, cHuxceHue eubpayuu YILIH, duHamuueckue Hazpy3Ku
VOIIH, subpayust cK8axcuHHo2o 000pydosaHus, CHUMeHUe 8UOPAyUU CK8AXCUHHO020 000pydosaHus, CoM ednd,
ycmanocmuoe paspyuleHue 8and, 6ubpozacumens, KOMNEHCAmop Ol CHUMEHUS sUbpayuul, npomexmop nozpy-

HO20 3]16Kmp066u20m€]1ﬂ.

CHI/I)KeHI/Ie BMOpAIM YCTAHOBKU 3JI€KTPOLIeH-
TPOOESKHOTO HAacoca SIBJISIeTCS BaXKHON 3ama-
yeit nas obecreueHus 3GQeKTUBHON pPabOThI
Hacoca. Bubpaims YIOLIH MoxkeT mpuBecT# K Io-
BpeXIEeHMIO0 Hacoca, YXy[LLUIeHMI0O KauyecTBa [0-
6b1uy HeTU ¥ BOSHUKHOBEHWIO aBAPUITHBIX CUTY-
auuii. I[Ipy MOBBILIEHHOM BUOpAIU TTPOUCKOIUAT
yBeJIMUEHME pUCKA YCTAJIOCTHOrO pa3pylleHus,
TaK KaK BUOpaIusi SIBJASETCS VCTOUHMKOM I10-
BTOpDHO-IIepeMeHHbIX Harpy3ok. @aKkTopsl, Takue
Kak JgobaBieHue MOIYIbHOM CeKUMM B KOMIIO-
HOBKY Hacoca, cofepskaHye MeXaHU4ecKUX Mpu-
Meceit, 06BOIHEHHOCTb U ypoBeHb cirycka JLIH,
MOTYT MOBBIIIATh YPOBEHb BUGPAIINN.

OCHOBHbIE 3JIEMEHTHI, TTOIBEPSKEHHbBIE TOBbI-
IIeHHOJ BUOpaLyi, BKIIOYAIOT Bajl, pabouue CTy-
IIeHY Hacoca, OMOPHbIe 3JIeMeHTbI, TTOAIIUITHUKA
U IITUIIeBbIEe COeIMHEeHMsI CeKIIMii Hacoca.

YToO6bI pEIIUTD 3Ty IMPOOIEMY, CYIIECTBYET He-
CKOJIBKO KOHCTPYKIIMIi, KOTOpPble MOTYT ITOMOYb
CHMU3UTDb BUOpaIMio mpu skcruryatanumu YIIIH. B
JIAHHOM CTaThe PacCMaTPUBAIOTCS HEKOTODPbIE U3
HuX. B pa6ore [1] 6pun KIaccuuumpoBaHsl oc-
HOBHbI€ BU[IbI CJIOMOB BJIOB U UX MpuumHbI. Oco-
60e BHMMAaHME YIeJNEeHO BIUSHUIO KPYTWIBHBIX
Koj1e6aHMIT JIEeKTPUUECKUX [IEHTPOOEKHBIX HACO-
COB Ha YCTAJOCTHbIE MOBpPeRAeHMs. Boln mpe-
CTaBJeHbl pe3yJbTaThl MCIBITAHUII BaJiOB Ha
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CTaTUUECKyI0 KpydyeHue U yCTajocTb. Ha ocHOBe
MTOJTyYE€HHBIX JAaHHbIX ObLI MpeIJIokKeH psig Mepo-
NpUSITUIA IJ1S1 YMEHbLIeHUsI BepOSITHOCTU CoMa
Bajia B Mpollecce 3amycka U 3KCITyaTaluu 37eK-
TPUUECKUX IEHTPOOEKHBIX HACOCOB.

HauHast mpobjieMa Tak Ke IMOJHMMAETCS B pa-
6ore [2] 6bLT MPOBedeH aHAIU3 OTKA30B MeECTO-
poxkmenuii 3anagHoit Cu6upy, YTO ITOMOIJIO BbI-
SIBUTB, UTO 44% BCeX CIOMOB MPUCYIIU TaCTUYe-
CKOMY THUITY, @ 56% — CBsI3aHbI C YCTaJOCTbIO Ba-
JioB. [IpoBeleHHbII aHA/IM3 U3JI0MOB BajJIOB MOKa-
3aJ1, 4TO HamboJIee pacIIpoCTPaHEHHO MPUUMHOI
YCTaJIOCTHBIX pa3pyllleHu SIBASIOTCS TTOBpeskie-
HUS B 06G/IacTM NIIMIIEB Ha MyQTOBBIX COeIVHE-
HUSIX. B cTaThe comepskaTcsl JaHHbIE O HapaboTKe
IO OTKa3a JIEKTPUYECKUX LIEHTPOOEKHBIX HACO-
COB, paHHeM BbIxoae 13 ctpos YOIH Bciencreue
YCTaJIOCTHOTO pa3pylieHus Bana. M3 3Tux JaHHbIX
cjlefiyeT, UTO cpeflHee BpeMsl O OTKa3a u3-3a
YCTaJOCTHOTO pa3pyllieHus] Bajia COCTaBisieT 74
CYTOK, Ipu 3TOM 60Jjiee mmosoBuHbl YIIIH (53%)
repecTaloT paboTaTh yke uepe3s 40 cyToK. Brico-
Koe cofiepskaHue abpa3mMBHBIX YACTUIL B MTPOIYK-
1112071 CKBasKMHbI BbI3bIBAE€T  YCKOPEHHbIN
BMOpOa6pasMBHBIi U3HOC pagualIbHbIX COMPSIKe-
HUIt paboumx OpraHoB, KakK CJIeACTBUE, YCTAIOCT-
HBIM IT0JIOMKaM Bajia. B pa6ore [3] OnuchiBaeTcst
BIMSHME BUOpaIMM Ha YBEIMYEHME OTKA30B TUIIA
«[Tonet Y3LIH» yka3aHbI OCHOBHbIE MeCTa pacysie-
HeHus YOUH u mpuBegeHa CTaTUCTMKA MAaHHBIX
mecT. Takke MpecTaB/leH BUOPALMOHHBIN CTEH],
BOCITPOU3BOIUT U U3MepSieT BeIMYMHY BUOpaimn
MIPM Pa3sHbIX CKOPOCTSIX BpalleHuUs] BUOPOHArpy-
KAIOIEero YCTPOWCTBA, Pa3IMIHON BeJIMUMHE AUC-
6ayiaHca, a TakKe IMPY pasHbIX yIax HaKJIOHA UC-
MBITBIBAEMBIX 371IeMeHTOB Hacoca u HK. 3To nos-
BOJISIET OIIEHUTHh BMSHME BUOpaluu Ha paboTy
YOIH u npuHATb MePBI IJ1S1 YMEHbILIEHUS €€ BO3-
nmeiictBust. TakuMM 06pa3oM, UCIIOIb30BaHME BUO-
pPalMOHHOTO CTEeHJa MOMOraeT He TOJbKO TMOBBI-
CUTb HAJEeXKHOCTh 00OPYIOBaHMS, HO U obecrie-
yuTh ero O6e3omacHyl 3KcIuryaTaimoo. Kpome
TOTO, NTPOBEJEHNe TeCTUPOBAHNS Ha BUOPAIIMOH-
HOM CTeH]le TT03BOJIsIeT MpeaoTBPaTUThb BO3MOXK-
Hble aBapuifHble CUTyalluy, CBSI3aHHbIEe C BUOpa-
e, B 1esoM, MUCIIOMb30BaHMe BUOPALIVIOHHOTO
CTeHJIa SIBJISIETCS BaKHBIM IIArom Ajisl obecrieye-
HMS KaueCcTBa M HAJOEXHOCTM IPOU3BOAMMOTO
060pyIoBaHMS.

B craTtbe [4] ObLT NpOBedeH aHAIN3 PaBOTHI
YCTaHOBOK 3JIEKTPOLIEHTPOGEKHBIX HACOCOB, MPO-
aHAIM3MPOBaHbI (PAKTOPHI, BIAUSIOIINE Ha paboTy
V3IIH, BKIoUYast AMHAMUYHOCTD paboThI Hacoca. B
pesynbTaTe ObUIa TMPENJIOKEHA KOHCTPYKIIMAS

BUOporacuTesnsl AJjis yMeHbIIEHUSI BO3IeCTBUS
Kosnebanuit Ha VOIIH. [JaHHbI y3en1 mpemgHa3Ha-
YeH JIJ1S1 CHYDKeHUSI pacTITUBAIINX, CKUMAIONIUX
M KPYTWIbHBIX KOJie6aHui1, KOTOpPbIe BOSHMUKAIOT B
YOIIH. OH ocyuiecTB/sIeT rameHue CKUMAIIUX
Harpy30K C UCI0b30BaHMeM YIIPYTUX 37IeMEHTOB,
pa3MeleHHbIX MeX/y BepXHUM KyJIauyKOM U KOp-
mycoM. KpyTwibHble Koe6aHMUSI TTOHABIISIOTCS
COKaTMeM UM pa3XaTMeM DPe3MHOBBIX 371€MEHTOB,
YCTaHOBJIEHHBIX Ha BBICTYIaX KyJaukoB. HakoHelr,
pacTsruBampme KojaebaHus CHMUKAIOTCS 32 CUET
aMopTHU3aluM CKUMAIOIINX U KPYTUIIbHBIX KOJje-
OaHMi1, BO3HUKAIOIIVX IIPY paboTe IITyOOKMUX CKBa-
SKUHHBIX 3JIEKTPOIEHTPOOEKHBIX HACOCOB. JTOT
y3eJl BBIMIONHSIET BaXkKHYI0 (DYHKLIUIO B CUCTeMe,
obecrieunBasi CHUKeHME HesKeIaTeTbHBIX Koyieba-
HUI U yBeImJyeHue cTabuibHOCTY paboTsl YIOLIH.
OH no3BoOJISIeT YMEHBIIUTDb BO3AEICTBME Pa3InNy-
HBbIX Harpy3oK Ha HacoC U MOBBICUTD ero 3ddex-
TUBHOCTb U JJOJITOBEYHOCTD. JTO IIO3BOJISIET YIy4-
IINTH AOJATOBEUYHOCTH M HAEXKHOCTb PabOTHI yCTa-
HOBOK 3JIEKTPOIIEHTPOOEXKHBIX HACOCOB, a TaKXKe
CHU3UTb BEPOSITHOCTb BO3HMKHOBEHMSI aBapuii-
HBbIX cuTyaluit. Takum o6pa3om, UCIOIb30BaHME
BMODALIMOHHOTO CTEHJA U y37a aMOpTU3aluu
MTO3BOJISIET TTOBBICUTh 3G PEKTUBHOCTD U 6e30mac-
HOCTb PabOThI IEKTPOLIEHTPOOEKHBIX HACOCOB.

V3BecTeH KomIieHcaTop [5], B KOTOpPOM OCY-
IIECTBJISIETCS TallleHue BUOpAIMy 3a CUeT HaIu-
yus YIPYTUX 3JE€MEHTOB, KOTOpBIE MOIJIOUIAIOT
3HEPTUIO KPYTSIEro MOMEHTA U MpeloTBpalialoT
repefavyy MOMeHTA Ha IO beMHYI0 KonmoHHY HKT.

Tax ke n3BecTeH gemMndupyouuii yzen 6], Ko-
TOpBI/t MCIIO/Ib3YyeTCS JJIsi TallleHUsI SHepruu
yaapa. OTO TI03BOJISIET CHU3UTh BUOpALIVU U yCTa-
JIOCTHbIE€ HaIIPpSIXKeHMs B KPEIEeXXHbIX 3JIEMEHTax
obopymoBaHMsI ¥ (IAHIEBBIX COEIVHEHUSX
3JIEKTPOIIEHTPOOEKHOI HACOCHO ycTaHOBKM. Ta-
Koe TallieHye M03BOoJIsieT KpPelesKHbIM 37ieMeHTaM
CJIY>)KUTb LOJbIIEe, YTO IIOBBILIAET HaJeXHOCTb
KpeIvIeHUsI CMJIOBOTO KabeJsist U CHUSKaeT PUCK ero
TOBPEXIEeHNS.

Tax ke TaHHBIMU ke aBTOpaMu IMpecTaBieHa
MOJie/ib TIPOTeKTOpa MOTPYKHOTO 3JIeKTPOABUTA-
Tesd [7]. JaHHBI MIPOTEKTOP, MOXKET MUCII0JIb30-
BaTbCS ISl 3alIUThl 3N€KTPOLBUTraTesNsl LEHTPO-
0e’KHOTO HAaCcoCa OT MeXaHUYeCKUX IMTOBPEKAEHMIA
BO BpeMs CITyCKOIIOAbeMHBIX OIlepaliiii, a Takxe
IIJISI yMEeHbIIIeHMs] YPOBHS BUOpaLuit M KojebaHmit
MIpM 3aIyCKe 3JeKTPOABUTraTess NEKTPUIECKOTO
LIEHTPOOEsKHOTO Hacoca U OXJIaXXIeHNsI ero B IIpo-
miecce paborel. OCHOBHOe pelleHMe 3afauy 3a-
KJIIOYaeTcss B TOM, YTO MPOTEKTOP IOTPY>KHOTO
3/IeKTPOJIBUTATEJIS TIpeACTaB/sieT CO0O0it IMOJbIi
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IWIVHIP C IPUCOeIMHUTEIbHOI pe3bboii, pacmo-
JIO)KEHHOV IO MEeHbIlIeii Mepe Ha OAHOM M3 €ro
KOHIIOB.

HobGaBneHue  OOMOJTHUTEIbHBIX  CTyIEHejk
Hacoca yMeHbIlIaeT 3HaueHue KPUTUUYeCKUX dYa-
CTOT, TOMNAafaIIMX B ONACHbIM AuanasoH. Ilpu
9TOM TaKKe ITPOMCXOAUT CHIM>KEeHMe HaHpH)I(EHMI?‘[,
BBI3BAaHHBIX BMOPALIMOHHBIMM HArpy3kaMu B OT-
IeJIbHBIX CJIy4asix, YTO MO3BOJISIET KOHCTPYKIIUU
CTaThb MeHee ITOJBEePKeHHOM K HMM ¥ IOBBICUTD
3arrac MPOYHOCTH. BHeIpeHMe ceKUmii ¢ Koamye-
CTBOM CTYyIIeHe paBHBIX 86 U 90, M03BOJISIET yBE-
JIMYUTH 3aI1aC IPOYHOCTH Ha 3,7 u 11,5 %.

IMom6op ONTMMAaIbHBIX MTOCALOK MOKAa3all, UYTO
nmocagku D9/f9, F10/h8 wmMelT 3HauUMUTENIBHO
MEHbIIINE HapsKEHNS, BbI3BAHHbIE BUOpAIMOH-
HBIMM Harpy3kaMu 10 CPaBHEHUIO C peKOMEH/I0-
BaHHbIMM U3 'OCT 1183-80 Ha 30-35 %.

IMog6op ONTMMAaIbHO AJIMHBI MY(PTHI MITHAIIE-
BOTO COeAVMHEHMS ITO3BOJISIET 3HAYMTE/IbHO CHMU-
3UTh HATIPSDKEHMSI, BbI3BAHHbIE BUOPAIMOHHBIMU
Harpy3kaMyu peKOMeHIOBaHHOW Imocanku D9/e8
Ha 60-65 %. TakuM 06pa3oM BaKHO MOmOGpPaTh
Heo6X0oaMMble ONTMMaJbHbIe ITapaMeTpPbl LTI -
BOIO coeauHeHMs, 6iarogaps KOTOPbIM MOXHO
IOCTUYb CHVDKEHME HAaTpssKeHMI, BBI3BAHHBIX
BuGpalineit. B 11eJ10M, MCII0Ib30BaHNe TOMOIHM-
TeJIbHBIX CTYIIEHel Hacoca, ONTMMAa/IbHBIX MOca-
IIOK U JIJIVHBI IIJINIIEBOTO COeIHEeHUSI T03BOJISIET
co3maTth 6oslee HaAEXHYIO U 3(PGHEKTUBHYIO KOH-
CTPYKLIMIO, CHU3UTh BO3IEiCTBME BMUOpaALUM U
YBEJIMUUTD €€ OJATOBEYHOCTb.

OpHaKo psifi BOITPOCOB, CBSI3aHHBIX C MTOHMKE-
HMEM YPOBHSI BUOpaiuy, TpebyeT CBOEro Aajb-
HeJIIero pasBuUTHSI, HAa OCHOBE IIPOJIEJIaHHOTO
aHa/IM3a TeXHUYEeCKOM U JIUTepaTypHOM mpopa-
OOTKY BBISIBJIEHBI CJIeIYIONIME TPO6GIEMBbI:

1.  CyuiecTByloliye MeTOIbl 60PbOBI C ITOBBI-
IIEHHOJ BMOpalyeii 3aK/II0Yal0TCsI B MCII0JIb30Ba-
HUM BUOPOTacUTeeil, KOTOpbIe MMEIOT MayIo 3¢-
(beKTUBHOCTbH U BBICOKYIO CTOMMOCTbD;

2.  OTCYTCTBYIOT KOHCTPYKL[MOHHbIE METOMbI
60pbOBI C TOBBIIIEHHO BMUOpaLyeii;

3. OTCYTCTBYIOT METObI 60PHOBI MTOBBIIIEH-
HOJi BMOpalMy B IUIMIIEBOM COeAVHeHUMN.

BaskHO OTMETUTh, UTO BHIOOP KOHKPETHOI KOH-
CTPYKUOMU OJI1 CHVDKEHUS Bn6pau1/m YCTaHOBKM
37IEKTPOLIEHTPOOEKHOTO HACOCA 3aBUCUT OT YCJIO-
BUIi SKCIUTyaTalMy, TUIIA HAacoca M TpeGOBaHMIA
KOHKPETHOM CKBa>KMHBI.
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VARIOUS DESIGNS TO REDUCE VIBRATION
OF THE ELECTRIC CENTER PUMP INSTALLATION

Abstract. The article examined the effect of vibration on the operation of the ESP and the causes of its occur-
rence. Well-known studies describing an increase in the vibration level were also considered and various designs
were proposed to reduce the vibration activity of the UEC, for example, various vibration dampers and their main
disadvantages were identified. Fatigue occurs due to repeated loads, while the forces causing fatigue failures are
much less significant than those that would lead to plastic deformations and, due to the effects of fatigue fracture,
the spline joints of the shaft suffer for the most part due to the presence of a large number of fracture concentrators
in the area of their connection due to reducing the area of the shaft by about 2 times. Each of these methods and
designs can be applied in different situations, depending on the characteristics of a particular well and operating
conditions. Determining the most appropriate approach requires professional analysis and consultation with engi-
neers and specialists in the field.

Keywords: vibration of the ESP, vibration of the PET, vibration reduction of the ESP, dynamic loads of the ESP,
vibration of downhole equipment, vibration reduction of downhole equipment, shaft scrapping, fatigue failure of
the shaft, vibration dampener, compensator for vibration reduction, protector of the submersible electric motor.
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TEXHUYECKHUE HAVKHU

AJICY®BLEB [lennc UropeBuya
MarucTPaHT Kadeapbl MOKapHO 6€30MacHOCTM 3IaHMIi M aBTOMAaTU3MPOBAHHBIX CUCTEM ITO3Ka-
potymiennsi, Caukt-ITerepoyprckuii yuusepcutet I'TIC MUC Poccun, Poccus, r. CaukT-IleTep6ypr

ITPOTUBOIIO>KAPHASA 3ALIUTA
B KVJIbTYPHO-3PEJ/IMIIIHBIX YYPEXIEHUAX

Annomauus. B danHoli cmamee paccmampuganmcs mpu 0CHO8HbIX delicmeus (3mana) no NoevlleHU0 npo-
MUBONOXAPHOL 3aujumst 005eKM08 HU3HEOeSMeIbHOCMU Ue108eKd (COOpyHeHUtl, 30anuti u m.d.) u 8 UacmHocmu

KYJIbIMYPHO-3PESIUUHBIX YUPEHOEHUTI.

Knrouesnwie cnoea: KyﬂbmypHo-speﬂumelﬁ KOMNJieKc, OZHBCI’HOﬁKOCn’Ib, 6630naCHOCn’Ib, ycmaHoeka, agsmoma-

muueckas cucmema, d)aKmopbl, noxcap.

Hoxap BO BCe BpeMeHa SIBJISIICS 3JI0M [J151 KYJb-
TYPHBIX ¥ Pa3BJIEKATeIbHbIX YUPEKAEHMIA, 00
3TOM CBUIETEIbCTBYIOT HEOCTIOPUMbIE UCTOpUYIE-
cKkue (paKThl.

IMoskanyii, 36e5KaThb 3TOV TOPbKOI yUacTu yaa-
JIOCh TOJIbKO @aHTMYHOMY TeaTpy C ero OTKPBITHIM
aMmduTeaTpPOM U IIPOCTOPHOI CLIEHO 6e3 KyJuc u
3aHaBeca. [1o Mepe TOro Kak TeaTpaJibHble 3TaHUS
MpuoGpeTasM MOHYMEHTAJbHOCTh, POCIa IOM-
Me3HOCTh IMTOCTAaHOBOK, yBeJMUYMBAAach U yrposa
BO3HMKHOBEHMUS TIOKapa.

[TepBoe ncTopMueckoe ymoMmyuHaHMUe KPYITHOTO
Mokapa B KyJbTYPHO-3PEIUIIHBIX YUPEXKIEHUSIX
OTHOCUTCS K 1668 1. Tparegus npousounia B Te-
arpe KomeHrareHa, BO BpeMsI OJHOTO U3 Ipef-
CTaBJIeHM BO3HUK U CTaJ CTPEMUTETbLHO Pa3BU-
BaThCS MOKAp, U Yepes3 YeTBEPTh Uaca BCe 3[aHNne
MPEBPATUIIOCH B MIeMeJ, CTOPe M KOPOIeBCKNUIi 3a-
MoK. COTHM JIIoJIet TTormbJiu B IMoskape, a KTO BbI-
SKIJT, TIOJTYUNIT TSIXKeJble TPaBMBbI.

[Moxkapel B KyJAbTYPHO-3PENUITHBIX yUpPEXIe-
HMSIX OPOUCXOOUAM M HAHOCUIU Bpen, KyJabTyp-
HOMY Hacienuio 1 B Poccuu, 1 BO BCeM MUpe.

HecmoTpst Ha MOJIOKUTEMBbHYIO0 AUHAMUKY CHU -
SKeHMS KOJIMYecTBa IoxkapoB B Poccuiickoit ®ene-
pauuy B IEJIOM, YMUCIO TOTUOIINX M TPaBMUPO-
BAHHBIX JIIOJE) Ha HUX, a TakKkKe MaTepuaabHbIN
yiep6, HAHOCKUMBIN TIOXKapaMu, OCTAeTCs II0-
MIpeXHEMY, K CO’KaJIeHI 10, Ha BBICOKOM ypoBHe [1].

C HempepbIBHBIM pacIIMpeHMEM MacIITaboB
pa3sBUTHUS IEeSTENbHOCTU Ye0BeYeCKON UBUIN-
3alMM BO3pacTaeT U KyJAbTYPHBIA YypOBeHb. U,

KOHEYHO, yBeIMUeHe MaciITaboB CTPOUTEIbCTBA
KYJIbTYPHO-3PENUILHBIX YYPEXOEeHUN ITOJI0XU-
TEJIbHO BJMSIET Ha YPOBEHb KYJIbTYPHON XMU3HU
HacejeHysI, HO BMeCTe C TUM BO3HUMKaeT PsiJ [Ipo-
671eM, CBSI3aHHBIX C HEOOXOAVMOCTBIO obecrieve-
HUSI TIOKapHOJ 6e30MacHOCTH JIIofeli U 06bEKTOB
KYJIbTYPHO-3PeIUIIHOTO KOMIUIeKca [2].

C nnpuMeHeHMEM B CTPOUTEIbCTBE HOBBIX T€X-
HOJIOTUIA M CTPOUTENbHBIX MaTepUaaoB, IpUIlIes -
IIMX Ha CMEHY JIepPeBY, CO30aJI0Ch JIOKHOE BIevar-
JIeHMe TIOBBIIIEeHNS] YPOBHS 3alUIIeHHOCTU YeJio-
Beka. HoBble CTpouTe/libHbIE MaTepuasbl MIPU ro-
peHMuM BBIIESIOT elle 6Gosblle Tervia, ropaszio
60JIbIIIEe SIMOBUTHIX TTPOTYKTOB CTOPAHMSI.

Oco6y10 TIOBBIIIEHHYIO OIMAaCHOCTh IMPEICTaB-
JITIOT TIOKAapbl B 3JaHMSIX C MAaCCOBBIM ITpeObIBa-
HUEM JIIofel, XapaKTepHOM UepTOil 3TUX 30aHUM
SIBJIIETCSI HaJMuMe 3aJI0B C OONbIIMM KOJuye-
CTBOM ITOCETUTEJIEN (IKOJIbI, IEeTCKIME Cafbl, 60JTb-
HUIIBI, OMA KyJIbTYPhI, KIIyObI, TEATPHI U T.I.), K
YICJTYy KOTOPBIX OTHOCSITCS U KYJIbTYPHO-3PeINIIL-
Hble yupexaeHus [3-6].

3maHusl TeaTpaibHOTO KOMILIEKCA TasiT B cebe
MHOKEeCTBO [TO’KapPHBIX ONaCHOCTE, KOTOPbIE CBSI-
3aHbI C HUIMYMEM Ha CIieHe JIETKOBOCIIJIaMEeHSII0-
MIMXCST MaTepUasoB: gekopauui, 6yrabopuii, Ko-
TOpbIe yallle BCero BBITIOTHSIOTCS 13 TKaHe u Jie-
peBa, OKpallleHHbIX MAaC/JISTHbIMM KpackaMu, U Ipy-
T'MX TOpIOYMX MartepuanoB. Hanmnume Taxke CJI0XK-
HOTO 3JIEKTPOTEXHMYECKOTO OOOpYIOBaHUS, B
psifie ciy4yaeB UCIOJb30BaHME B MPeACTaBIEHUSIX
OTKPBITOTO OTHSI (haKesibl, CBeYM) 00YCIOBIMBAIOT
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MTOBBIIIEHHYIO MTOKaPHYIO0 OMMaCHOCTDb 3TUX 00bEK-
TOB.

YesoBeueckuii (aKTOP CO3MAET JOIMOTHUTENb-
HbIe OITACHOCTY — 3TO KypeHMe B 3[laHUM, 3aBaJIeH-
HbIe TIPOXO/IbI ¥ UMCJIO 3puUTeseli, IpeBblaolee
opUIMaNbHYIO0 (PacUueTHYI) BMECTUMOCTb 3PU-
TEJIbHOTO 3ajia. DTO U OOIIMe OMacCHOCTM, TaKue
KaK 3a06JI0KMPOBAHHBIE U 3aKPBIThIE BBIXOIbI U3
3[aHMsI, HEJIOCTATOUHbBI pa3mMep U KOJIUYECTBO
BBIXOJIOB, OTCYTCTBME 3HAHMII 10 TMOXAPHO-TeX-
HNYeCKOMY MMHUMYMY.

TakuM 006pa3oM, aKTyaJIbHOCTb ITPOGJIEMBI IT0-
BBIIIEHNMST YPOBHS ObecrieueHus] MoOXkapHOii 6e3-
OTIACHOCTM B 3AAHMSIX KYJIbTYPHO-3PEIUITHbIX
yupexjeHuii oueBugHa. besyciioBHO, BMecTe C
pPasBUTHEM HAYYHO-TEXHMUYECKOTO Iporpecca u
KYJIbTYPHOTO YPOBHSI KM3HM Pa3BUBAIOTCS HOBbBIE
COBpeMeHHbIe CIIOCOObI 60PHOBI C TTOKApaMM U UX
npenoTBpaiieneM. Ho Heo6XooMoCTh obecIie-
yeHNs1 6e30MacHOCTM JIIOMeil, HaXOMSIIMXCS Ha
00beKTe, Ie BO3MOKHO BOSHMKHOBEHME TI0Kapa,
He OTIaaerT.

PaccMOTpMM OCHOBHBbIE BO3MOSKHbIE Upe3Bbi-
YyaiiHble CUTyaluu, KOTOPble MOIYT BO3HUKHYTh
MpU TIOXKape B KyJIbTYPHO-3PeIUIIHbIX yUpeskie-
HMAX [7]:

—  0OJbIlOe KOJUYECTBO ITOCETUTEIEN B 3PU-
TeJIbHOM 3ajie, BO3HMKHOBEeHME MaHUKU U TPO-
6J1eMbI TTPY 3BAKyalM JTIOMIEN;

—  0obIlIOe CKOIUIEHME TOpIUMX MaTepua-
JIOB CIIPOBOIIMPYET OBICTPOE paclpoCTpaHeHNe
OTHSI 10 CLIEHNYECKOMY KOMIIIEKCY, TIEPEXO]T €TO B
3pUTEJIbHBINM 3aJ1 U Ha uepjak, a Takke pacrpo-
CTpaHeHMe ToXapa MO0 BEHTWISIIMOHHBIM CUCTe-
MaM U IyCTOTaM;

—  ObICTpOe 3aabIMJIEHME ITOMeNIeHMi clie-
HUYECKOTo KOMILJIeKCa U 3pUTeIbHOTO 3a71a;

—  HaJauyue 37eKTPOTEXHUYECKUX YCTPOICTB
M MeXaHM3MOB MO, HaIPSKeHUEM;

—  ob6pylleHue TOABECHBIX MEPEKPbITUIT U
OCBETUTEJIbHBIX MPMOOPOB HaJ, 3PUTENbHBIM 3a-
JIOM.

IMoskapbl MOTYT BO3HMKATh B JII0O07 yacTy 31a-
HUIA 3peTUITHBIX MPeINPUITUIA U KITYOHBIX yupe-
SKIEeHMii, HO Haubosiee CIOKHBIMU SIBJISIIOTCS TTO-
skaphbl Ha ciieHe. Kak roka3bIBaeT cTaTucTuka, 60-
70% BCeX IMOKapoB B TeaTpax MPOUCXOOUT B Clie-
HUYECKO# yacTu. BosbIoit 06beM ClieHbI CO31aeT
YCJIOBUS JISI OBICTPOTO PAaCIpOCTPAHEHUS OTHSI.
[TpoyKThl CropaHusi MOMEHTAJIbHO 3amOJHSIOT
BeCcb 00bEM CIIEHMYECKOi KOpOOKM U yepe3 pas-
JIMYHbBIE TTPOEMBI BCE ITOMEIEHNS TeaTpa, MPUMBbI-
Kalolme K cueHe. TemIiepaTypa MOBBIIIAETCS A0
npenenoB, OIACHBIX [MJs1 >KUM3HM Jodeir. B

3aBMCUMOCTM OT HaJMUMs, PACIIOJIOXKEHUSI U CO-
CTOSIHUSI TIPOE€MOB (OTKPBITbI, 3aKPbIThI) MOTYT
ObITh HECKOJIbKO BAPMAHTOB CXEM Pa3BUTHMSI TTOKa-
POB Ha cileHe.

Ecim «mmopTanbHbIi» MPOeM HNePEKPBIT TPOTH-
BOTIOKapHBIM 3aHAaBECOM, U IbIMOBbIE JIIOKU (JTIOK
IBIMOYAAeHNsI) 3aKpbIThl WIM OTCYTCTBYIOT,
OrOHb B TeueHue 5-10 MMH MOKET pacIIpocTpa-
HUTBCS 110 JEKOPaALMsIM ¥ CrOpaeMoMy 0060pymo-
BAHMIO U OXBATUTb BECh 06'bEM CIIEHBI. DTOMY CITO-
CO6CTBYET 6IATOMPUSITHOE [IJIST PACIIPOCTPAHEHMS
OTHSI pacriojio’keHue CropaeMblXx MaTepuaaoB U
MOCTOSIHHO CYIIECTBYIOIIME Ha ClieHe BO3IyIIHbIe
TMTOTOKM.

JIuHeliHass CKOPOCTb pacCIpoOCTpaHeHUsI TIO-
’Kapa I0 IUIaHIIeTy CLieHbl JOCTUraeT 3 M/MUH, a
[0 TOBEPXHOCTM BEPTUKAJIbHO PaCHOIOXKEHHbBIX
Iexopauuit — 6 M/MUH. B o6beMe CIleHbl CO3/a-
eTCsl 3HAaUMTeTbHOe IaBjieHre Ha MTPOTUBOMNOXap-
HbIlt 3aHaBec — 40-60 kr/m? u 6osee. [Ipu 3aKpbI-
TOM MMOPTAJIbHOM IpOeMe U OTKPBITBIX AbIMOBBIX
JIIOKaX WM OOPYIIEHUM TOKPBITUSI HAM CIEHOM
(oHO BO3MOKHO uepe3 25-30 MMH TOC/ie Havyasa
MoXkKapa) MPOMCXOAUT IOACOC BO3AyXa B 06bEM
CIIeHbI, KOTOpBI/i M3MeHsIeT HalpaBjeHue raso-
BBIX ITOTOKOB U CIIOCOOCTBYET OBICTPOMY BbITOpa-
Huto. CHMKAeTCsl OMacHOCTb pacIpoCTpaHeHMs
rnoxkapa B 3pUTeJIbHbBIN 3a1. [Ipy OTKPBITOM IIpPO-
emMe (MMPOTUBOIOXAPHbBIi 3aHaBeC TMTOAHSIT WJIN OT-
CYTCTBYET) M 3aKPBIThIX JBIMOBBIX JIIOKAX WU UX
OTCYTCTBUM Yepe3 OTKPBITHIN IIPOEM UCKPBI U TIie-
Ioll[Jie KYCKM CTOpaeMbIX MaTepuasoB MOTYT BbI-
OpachIBaThCS B 3pUTEIbHBIN 3a/1. KOHBEKIIMOHHbBIE
MOTOKM HarpeThIX ra30B BMeCTe C IIaMeHeM Iie-
peMelaTcs B CTOPOHY 3pUTeIbHOTO 3aJ1a, CO3/1a-
Basl yrpo3y JIIOASIM, TePeKPbITUI0O U UepIadyHOMY
rnomeiteHuto. [IpakTuka moxkasbpiBaeT, YTO Mpu Ta-
KX YCIOBUSIX 3pUTEIbHbBIN 3aJ1 3aTI0HSIeTCS Mpo-
Oyktamu cropaHmsi 3a 1-2 muH. Co3maBIIMMCS
IaBJeHNEM B CIEHMYECKO KOpPOOKe OTKphIBA-
I0TCSl IBepu, BeAyllye U3 3PUTEIbHOTO 3ajia B
doiie, a [Bepu, OTKpbIBAIOIIMECS B CTOPOHY
CIIeHbI, HEBO3MOXXHO OTKPbITh HECKOJbKUM JII0-
TISIM.

[Tpu OTKPBITHIX B TTOPTAIbHOM TpPOEMe bIMO-
BBIX JIIOKaX (0OPYIIEHUY KOJIOCHUKOB U MTOKPBITHUS
HaJ CIIeHO}) TIOTOKM TPOLYKTOB CropaHus
YCTPEMJISIIOTCSI HaBepX, M JIMIIb HeOOJbIIas UX
YyacThb MOCTyIaeT B 3aj. Ha ciieHe U B HIOKHel ya-
CTU 3PUTEJIbHOTO 3aj1a CO3[aeTcs paspeskeHue, U
IBepU B 3aJl 3aKpbIBAIOTCS (eciay OHM ObUIM OT-
KpbIThI). OMacHOCTb pacmpocTpaHeHusl ToKapa
MMEeEeTCs, HO MOXeT ObITh MCK/II0OUeHa BBEIeHMEM
CTBOJIOB CO CTOPOHBI 3pUTEIBHOTO 3aja.
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Jjis1 TIOBBINIEHUST IPOTUBOTIOKAPHONM 3alUThI
KYJIbTYPHO-3PEeNUIIHBbIX YUYPEXIEHU, KaK OOUH
U3 BapMAHTOB 3aLUUTHI, NIPeJjIaraeTcsl UCI0Ib30-
BaHMe CUCTeMbl Iepejauy JaHHbIX O BO3SHUKHOBE-
HUM TIOKapa 0e3 MpPSIMOrO y4yacTusl IepCoHasa,
HaTpSIMYIO0 B TIOApasjie/ieHye TMoXXapHOil OXpaHbl
(Haripumep, paguokaHaibHasg cuctema IIAK
«Crpenel-MOHUTOPUHT»), UTO CYIIECTBEHHO CO-
KpPaTUT BpeMsI pearnpoBaHMsI Ha TAHHBI BbI30B U
UCTO/Ib30BaHNE aBTOMATUYECKON YCTAHOBKMU TIO-
JKapoTylieHMsa Ha OCHOBE IIpMMEHEHM CUCTEMbI
TyllIeHUs TOHKOpacIblieHHO Bonoi (TPB).

[TporpammHo-anmnapatHbiii  kKomiuieke (ITAK)
nepefaeT MU3BelleHKe O MOoXXape Mo paguoKaHamy
B crieliMaabHO BbigeneHHoM ajist MUC Poccunm va-
CTOTHOM JMaria3oHe. IJTOT YaCTOTHBIN KaHaJ
HauboJiee HAIEXKEH, B TOM UMCJIe B YCIOBUSX Upe3-
BBIYAHBIX CUTYyaluit, a TaKKe A o0ecrevueHus
KOHDUAEHIMATBHOCTY MHPOPMAIMM O XapaKTe-
PUCTMKAX OOBEKTOB 3alIUThI, MOAKIIOYAEMBIX K
ITAK «Ctpeneu-MoHuUTOpUHD» [8].

O Helleeco06pa3HOCTY TTOCTPOEHUSI CUCTEM
moHuTopuHra Ha GSM (GPRS) kaHanax CBsI3M Kak
OCHOBHBIX CBUJIETEJIbCTBYIOT C/IeAyIOIIye (PaKkThI:

—  meperpysku TenedoHHbIX ceTeit GSM B
clyyae TMaHUKU B TOpPOJe MPU Upe3BbIUaitHOM CU-
TyaliMy; 3aTPyAHEHHOCTb UCHOJb30BaHUSI GSM-
CBSI3U B MaCCOBBIE TIPA3SHUKMN;

—  OTK/IIOYEeHMEe MOOWIbHOV CBSI3U CIHell-
CJIy>k0aMM B CJTyuae TePPOPUCTUUECKOTO aKTa;

—  BEpOSITHOCTh OOpbIBA MPOBOAHBIX JIMHUIA
CBSI3U B cirydae Bo3HMKHOBeHUs UC.

Oco6eHHOCTHIO ceTelt Ha ocHOBe [P-poTokosia
¥ ONITOBOJIOKOHHBIX JIMHUI CBSI3U SIBJISIETCS SHEP-
ro3aBUCUMOCTh a60HEHTCKUX YCTpPOICTB (Tesle-
(boHHBIX aTmapaToB), TaK KakK OHY He CMOTYT pa-
60TaTh MpPU OTCYTCTBUM 3JEKTpOCHaOkeHMs . Ta-
KM 00pa30oM, HM3Kas HaleXKHOCTh OOIeIOCTYII-
HbIX KaHaJOB CBSI3Y 4YaCTO He I03BOJISIeT UX WUC-
M0JIb30BaHMe [JiS peaau3allu OTBETCTBEHHBIX
3a/1a4, CBSI3aHHbIX C o6ecrieueHneM 6€30MacHOCTH
SKU3HU JIIOOEN.

TakuMm 06pa3oM, HEOOXOIUM HaJEeKHbI U He-
3aBMCUMBII OT CTOPOHHUX KOMITaHMI pecypc. [Iist
3TUX 11eJieit Hanboiee ONTUMAIbHO ITOAXOIUT BbI-
JleJIeHHBI YaCTOTHBIN pagMoKaHall, KOTOPbI SIB-
JIsieTCsl OCHOBHBIM KaHasioMm cBsi3u B [TAK «Ctpe-
Jel-MOHUTOPUHT».

B nocsiiegHue roapl MH:KeHepaMyM MHTEHCUBHO
pa3pabaThIBAIOTCSI HOBbIE TEXHOJIOTUY TIOKAPOTY-
IIeHUsI C UCHOJb30BAHMEM TOHKOPACIbUIEHHON!
BOJbI.

B cucremax TPB ocHOBHas cTaBKa AeJjiaeTcsl Ha
TO, 4TO mnomMumo 3¢ddeKTa IMapoodpasoBaHUs

MTPOMCXOINUT BbITECHEHME KUCJIOPOAa M3 06JacTu
ropeuust. [Ipu ucraperun 1 1 Bombl 0O6pasyeTcst
1,675 M3 mapa. TeopeTuU4ecku [Jiss TOTO, UTOOBI
BBITECHUTh BeCh KUCJIOPO, ¥ MOTYLUIUTb 06BSATYIO
OTHEM KOMHATY CpeJHUX rabapuToB, JOCTATOYHO
OLHOTO BeZipa BOAHI [9].

Iyist Toro uTo6bI Hapo06pa3sOBaHMe MPOXOAUIO
6ojiee MHTEHCMBHO, HEOOXOHMMO, UTOOBbI KakK
MOKHO OO0JbIIasi MOBEPXHOCTh BOJbBI ITOABEpPTa-
J1ach HarpeBy. [Ijis aToro TpeGyeTcst pa36UTh BOOY
Ha Karuiu 60jiee MaJIeHbKOTO JuaMeTpa. B pesyib-
TaTe O6Ias IJIOINAAb MOBEPXHOCTY BOIbI YBEIM-
YUTCA.

ToHKOpacCIbIJIeHHAs BOJIa 00eCIIeuBaeT:

—  JIOKaJIM3aI[MI0 U TyIlIeHMe TI0sKapa Ipu Io-
HIDKEHHBIX Pacxofax Bombl, B 5-20 pa3 MeHbIINX,
yeM 1711 OOBIYHBIX CIIPUHKIIEPHBIX CUCTEM

—  BBICOKYIO IPOHMKAIOIIYIO CITOCOGHOCTD;

—  3(deKT YacTUUHOTO AIMOOCAKIEHMSI.

IlaHHbIE pelleHus MpeIararoTcs K UCII0Ib30-
BAHMIO TIPU TIPOBEIEHUY IMIPABINIYECKUX pacye-
TOB [IJI1 0OOCHOBAHMST TEXHMYECKUX PeIIeHU CH-
CTeM BHYTPEHHEro IOXapoTyIleHUs TOHKOpac-
MbIJIEHHO BOJION U MOBBIIIeHMS 3(PGHEeKTUBHOCTA
CUCTEM IPOTUBOIIOKAPHOI 3aIUThI Ha OCHOBE
CUCTeM OeCIpOBOJHOIO MOHMTOPUHIA  KYJIb-
TYPHO-3PEIUITHBIX YUPEKIEHNIA.

BeiBoabI

BoisiB/ieHBI TTPO6GIEMbI, CBSI3aHHBIE C OTCYT-
ctBUeM 3D GEKTUBHBIX PEIIEeHN IT0 06eCIIeueHNIO
noykapHoit 6e3omacHocT JIK «MoIOmesKHbII».

ITosyuyeHbl KOJIMYECTBEHHbBIE OIIEHKU BeJIM-
UMHBI TOKAPHOTO pUCKA [JIsS JIOodei, Haxoms-
mnxcs B JIK «MosomeskHbIli», OJiS IIpeajiaraeMbIx
TEXHNUYECKUX pemex—mﬁ, d TaKXKe KOJIMYeCTBEeHHada
OIIeHKa ITpeijlaraeMbIX PeIIeHN 110 CPaBHEHMIO C
TPaIUIIMOHHBIMM. B pesyibraTe >KCIIEpUMEH-
TaJbHBIX pacueToB obecreueHa BO3MOKHOCTb
rmombopa ONTUMMAIbHOTO OMaMeTpa TPyo M TUI-
PaBIMYECKMX XapaKTEPUCTUK MarUCTPAIbHON U
pacIpenenTeabHON ceTel MOKapOTYIIEHNUST TOH-
KOpacIlblJIEHHO BOOMA.
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BBICOUKUH mutpuii CtTaHNC/IaBOBUY
acrmpaHT Kadenpsl «JIormcTuyecke TpaHCIIOPTHBIE CUCTEMBbI ¥ TEXHOJIOTUN»,
Poccuiickuit yausepcuret TpaHcrnopra (MUNT), Poccus, r. Mocksa

HayuHulii pykosodumens — u.o. 3asedyiowjezo kagedpoti «/Iozucmuueckue mpaHcnopmHsle
cucmembal U mexHono2uu» Poccutickozo yHueepcumema mpavcnopmad,
KaHo. mexH. Hayk, doyenm CuHuysiHa AHHa CepzeesHa

IMPUMEHEHUME AKTYAJIbHbIX METOJUK ITPOEKTUPOBAHUSA CUCTEM
JIJIE OLIEHKUY Y TPUHSATUA PEINEHUN B LIEITAX ITOCTABOK

AHHOmauusa. B cmamee paccmampueaiomcs MemoouKku NPoeKmuposaHus cucmem 01 OYeHKU U NPUHSMUS
peuieHuli 8 yensax nocmasok. CpasHusarnmcs cnedyoujie MemoouKu oyeHKu: memod Noucka onmumyma GyHKyut

u memodoJiozus QusatiHa npoyeccos wecmu cuzm.

Kntouesnle cnosea: uens noCmMaesok, MemoaOﬂOZMH, Kpumepuu onmumdaibHocmu, d)yHKlﬂlOHaﬂbHaﬂ 3aesucu-

MOoCme.

BHGKTpOTeXHI/I‘{eCKaH MIPOMBIILIJIEHHOCTD SIBJISI-
eTCsl HeOTheMJIEMOJ COCTAaBJISIIONIEN 3Hepre-
TUYECKOJ OTpac/ju CTPaHbl U UMEEeT CTpaTernyve-
CKM BaKHOE 3HaUYeHMe.

C TOukM 3peHMusI OTPacaeBOTO MOAXO0Aa JeK-
TPOTeXHMYECKas] MPOLYKLUUS SIBISETCS TPOAYK-
1yei «<HayKoEMKOI1 cpepbi», KOTOpast OTHOCUTCS K
«BBICOKMM» U «CpPpE€OHE-BBICOKMM» TEXHOJIOTUAM
[1, c. 65-69]. CenMaaucThl OLlEHUBAIOT TOKa3a-
TeJIb HAYKOEMKOCTH B 1,2-1,5 pasa BbIIIIe 11O cpaB-
HEHMIO CO CpeIHEeMMPOBBIM YPOBHEM I10 00paba-
THIBAKOILEN MIPOMBIIUIEHHOCTA B MHIYCTPUATIBHO
Pa3BUTBIX CTPaHaX, a IJINTEIbHOCTD II0JIHOTO KM 3-
HEHHOTO I[MKJIA MTPOAYKLIMY C BBICOKO 106aBIEH-
HOJi CTOMMOCTBIO B CpeJHEM MOXKET JOoCTUrath 10-
15 et u 6ostee [2, c. 107-109].

YcioxXHeHMe lieleil MOCTaBOK, BBbICOKME 3a-
TpPaThl Ha HAYKOEMKOCTb M MaTe€pPUaTIOEMKOCTb,
IIMPOKasi HOMeHKJIaTypa IPOM3BOAUMOI MPOLYK-
IV TIPUBOJISIT K YBEJIMUEHUIO Ce6ECTOMMOCTI 13-
Ileinii, CPOKOB TOCTaBKM NPOAYKIUM, a TaKkKe
PUCKOB. BaskHBIM acekTOM COBEPIIEHCTBOBAHMS
UccaenyeMbIX Lielell MOCTaBOK CTAaHOBUTCS BHET -
peHre MeTOIMK, MO3BOJISIIOIINX YCOBEPIIEHCTBO-
BaTb CTaHJApTHbIE MOAXOLbI K YIPaBIEHUIO Lie-
MISIMU [TOCTaBOK.

C y4€TOM YC/IOKHSIOILENCSI CTPYKTYPHI Lieren
TOCTAaBOK M YBEIUUMBAIOIINUXCS, B CBSI3U C 3TUM
PUCKOB BCTAET BOIPOC O 11eJIeCO0OPA3HOCTM aHa-
JI13a 1enei mMoCcTaBoK C UCIIOIb30BaHMEM Pa3any-
HbBIX METOA,0JIOTHIA, 8 UMEHHO:

1. Meropn moucka ontumyma (pyHKUMi, co-
CTaBJISIONIMX 11eNb MTOCTABOK;

2. Meroponoruu (DFSS (u3aitH [Ipoueccos
[lectn Curm).

Merop, moucka onTuMyma (QYHKUUI B ILEMsIxX
MOCTaBOK MPUMEHSIETCST I BO3MOKHOCTU yUuéTa
BCeX KpPUTEpMeB ONTUMAJbHOCTU, KOTOpbIE BJIM-
SIIOT Ha TIPUHSITUE pelleHus 10 BhIOGOpY CIemyro-
X BBOJHBIX IapaMeTPOB B MeXAYHAPOLHOII Ie-
peBO3Ke: MPOAYKI M, TOCTaBIIUK, CTPaHA-TIPOU3-
BOJUTENb, YCJIOBUS INOCTaBKM 1o VHKOTepMC,
CTPAaxOBbIe YCIOBUS, CIOCOO TPAHCIIOPTUPOBKU
U T.J.

B 0611em ciryyae BEKTOP KPUTEPMEB OIITUMAJTb-
HOCTY MOKeT MPUHUMATh CJIeAYyIIIii BUI:

F={D,®,d,},
roe @;,®,,®, — KpuTepun, BAUSIOIIME HA HAXOXK-
IeHUsI TOUKU ONITUMAJIbHOCTH.

OCO6GeHHOCTbIO HJAHHOM METOIMKU SIBIISIETCS
BO3MOXXHOCTb MHTETPAILMM CBSI3aHHbBIX 3aBUCUMO-
CTbI0 (PYHKIMIT, HA OCHOBAHMM KOTOPHIX KOHEU-
HbIM pe3yJbTaTOM BBICTyIIAeT MaTemMaTuuyecKas
MOJesb, KOTOPasi, B CBOK0 OuYepenp, SIBJISIETCS UH-
CTPYMEHTOM II0 TIPUHSITUIO pellieHUus mapameT-
pOB, IpeJiCTaBJIEHHbBIX BbIIIIE.

B xauecTBe npumepa MOKHO pacCMOTPETh MO-
JeJTb aHA/IN3a COBOKYITHBIX 3aTPAT XOIAVHTA e
MTOCTABOK C YYETOM AOCTABKM MPOAYKIINY B Pum-
anbl. COBOKYIIHASI CTOMMOCTb U3epKeK B MpuBe-
IEHHOM CJTyyae T03BOJISIET BBISIBISITH OOIIME 3a-
TpaThl CUCTEMBI. B yacTHOCTH, moOaB/IeHME B CU-
CcTeMy, Hampumep, JIOTIOJTHUTETbHOTO
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TE€PMMHA/JIbBHOTO KOMIIJIEKCA K paclipeneamnTesib-
HOW ceTu INpUBOAUT K M3MEHEHMAM 3aTpaT Ha
TPAaHCIIOPTMPOBKY, MHBECTULIUU U T. 1. Ha PUCYHKe

1 mpuBegeHa Momesb QYHKIVMOHATbHBIX 3aBUCH-
MOCTeJ 3aTpaT Mpyu MJIaHUPOBAHMM pacHpenen-
TeJbHOM JIOTUCTUUYECKOI CUCTEeMbI.

3aTpaTbl

COBOKYMHbIE U3AEPKKMN
Ha pacnpegeneHue

3aTpaTbl Ha MarucTpasnbHylo
nepeBo3Ky

3aTpaTbl Ha XpaHeHue
npoayKuum

3aTpatbl Ha o6cnykusaHue PL,

3aTpaTbl Ha MECTHYI0
[OCTaBKy

3aTparTbl Ha 06paboTKy 3aKasoB

Konuuectso pacnpefienmtenbHbIX LLEHTPOB

Puc. 1. O6urme 3aTpaThl HA PACIPeIeTUTENbHYIO CETh [3, C. 98]

Metoponorusa (DESS (Iusarin [Tpoueccos Lle-
ctu CUrm) IBsIeTCS He MeHee Je/iCTBeHHO MeTo-
VKO, KOTOpasi TakKe MOXKET MPUMEHSIThCS IIPU
aHamm3e 3¢Q@GeKTUBHOCTH Liereil MmocTtaBok. IIpe-
MMYIIIECTBEHHOM 0COGEHHOCThIO AAHHOM MeTO-
IVIKU SIBJISIETCS BO3MOXXHOCTbH OII€@HKM Tlapamert-
poB 3¢ dEeKTUBHOCTH 1iellM MOCTAaBOK IO KpuTe-
pUSM, KOTOpble He MOTYT OBITh CBSI3aHBI MEXKAY
co607¥i ¢ TOMOIIbI0 (PYHKIIMOHATbHBIX 3aBUCUMO-
CTejl.

Kak moka3pIBalOT IMpaKkTHUUecKue MucciaenoBa-
HUSI TIPU UCIIOJIb30BaHMUM MpoeKTupoBanus DESS
3HAUMTEJIbHO BO3pacTaeT YpOBeHb IIOKa3aTesst

ROI (ko3pduiieHT peHTa6eTbHOCTM WHBECTHU-
LIMiA).

Meton, DFSS ocHOBbIBaeTcs Ha IMOCTPOEHUMU
maTtpuipl [Iblo, a Takke MPUMEHSIOTCS ClIenylo-
IIMe STaIbl MPOEKTUPOBAHUS:

1) omnpenensitoTcs COOTBETCTBYIOIIME (GYHK-
LIMOHAJIbHbIE TPeOOBaHUS (KPUTEPUHA PALA);

2)  3amaéTcs Bec M0 KaskaoMy TpeGoBaHMIO;

3) omnpeznensOTCS HaWIydllne ajJlbTepHAaTUB-
HbIE pelleHns;

4) ompepenseTcst 6a30Bast IMHNUS B KaUeCTBE
HaWJIyJIlero pemeHus.

Ha pucynke 2 mpepcraBieHa 001jass MOMeNb
IIJISE TIoMCKa 6a30BOI ImHMUY 110 MeTomy DESS.
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PyHKUMA PeweHwve
1 2 j m

FR, S11 Si2 S1j Sim
FR, S21 S,z 25, Sam

. 4

: A
FR; Su [T S Sij Sim
FRn Snl Snz “ > Snj Snm

Puc. 2. Mogens DFSS Ha ocHOBe MmaTpuiisl 1610

Ha cxeme, rpuBeIEHHOV BbIIe OTPaskeHbI Clie-
IyIoIiye TToKa3aTesn:

e FRI1...FRn - ¢yHKUMOHAIbHBIE TPeOOBA-
HUS,

e l..m - ajbTepHaTUBBI pelieHus: (mapa-
MeTpbI TPOEKTUPOBAHMS);

e  Sij — mapamMeTp TpOeKTUPOBAHMUS C UHIEK-
COM j ¥ (PYHKIIMOHATBHOTO TPeOOBAHMUS C UHIEK-
comi[4,c. 113].

OTCyTCTBME METOMOJOTUM TPOEKTUPOBAHMUS
CUCTEM, B TOM YUCJIe, B JOTUCTUIECKOM CEKTOpe,
MOKeT CIIOCOOCTBOBATh HM3KOMY YPOBHIO Kaue-
CTBA YCJIYT, UTHOPUPOBAHUIO TIOKEJTaHUN KIMEH-
TOB U BBICOKOI CJI0KHOCTU TIPOIECCOB yIpaBie-
HUSIL.

Ha pucynke 3 1npuBelieH NpuUMep MOAENN
OLIEHKU JIOTUCTUYECKO Lielu MTOCTaBOK Ha OCHOBE
meTonosioruu DFSS.

=

«KAK»/ o x |z )

T 2] = a |o s 5
PesynbTathl Slal el 3] %2 E I O
sl s] 2)12|aefeof 58] %)t
= — o o = v = " = = g

= n Iz = @ = 15 =]
@ e T | o - |z | ¥ " x =
z|l ol elelfla=l 3| | aw]lB
= o -1 I T law|l B | = < =
= T @ = 2l o %] ] o
s|Elz|8|clegfs|8|E|¢
] @ = = o | O = r
o [=a] - M = v 9 = W o]
«YTO»/BXoAabI g sl 2|2 g|S|e|p=

1= [elg|S] |3

o = o

=
(PYHKUMOHaNbHbIE TpeboBaHKsA

BoinonHeHuwe 3axa3a 5 9 9 3 1 3 9 3
Pacxogpl 413131911 313
KauecTeo npoayKTa 311 9 11 3

KauecTso obcnymueanma 21 3| 3 91 3|1
IKONOTMYHOCTL 1 9
CymmapHbIiA UTOr 66163|51]|36]|18|21]|62| 45
lNpoueHTHOS COOTHOLWEHME 18 | 17 | 14 | 10 5 6 17 | 12
BaHOCTb Ha YpOBHE 5151413 513

Puc. 3. Orenka 3¢ HeKTUBHOCTY JIOTUCTUYECKOI 1eru Ha ocHoBe DFSS [5, c. 278-291]

[IpuBen€HHBIN TIPUMEpP MaTpUIIbl MO3BOSET
o1eHUTh 3G (HEeKTUBHOCTH I[eMY MOCTAaBOK Ha OC-
HOBAHUM JIOTUCTUYECKUX KPUTEPUEB, KOTOPHIE HE
MOTYT OBITh CBSI3aHbI C TIOMOIIbIO QYHKIVOHAJb-
HbIX 3aBMUCMMOCTeil. Kpome TOro, mpucBoeHue

K03 UIIMEHTOB BasKHOCTU CIIOCOOGCTBYET Gosee
TOYHOI1 OLIEHKM Ha OCHOBAHMM IIPeICTaBIeHHbIX

TpeboBaHMiA.
TakuM 06pa3oM, B IPMUBEIEHHOI cTaThe Obla
MpeacTaBieHa  BO3MOXKHOCTb  IIPMMEHEHMS
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MeTo/Ia ITOoYCKa ONTUMyMa GYHKIIMI M MEeTOH0JI0-
v «au3sariHa rnpoueccos mecty curm» (DFSS) gis
OLIEHKM YIIPaBJEHMSI HEIMSIMM IOCTaBOK, IPUBE-
IeHbl MX IPUHIUIIMATbHBIE OT/IMYMS, & TAKKE pe-
3y/IbTaThl IPYMEHEHNs B pacIipeeanuTeIbHOM J10-
TUCTHKE ¥ B JIOTUCTUKE C TOUKM 3PEHMS cepBuca.
Brirouenue ImpencTaBAeHHBIX MHCTPYMEHTOB B
O6M3HeC-IIPoIlecC MOXKET CIIOCOOCTBOBATH CHUKE-
HUIO PUCKOB T10 IPUMHATUIO pellieHuit s opeme-
JIeHUs TTapaMeTpPOB LeIy IOCTaBOK.
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I''TA3AYEB NBaun BagumoBuu
MarucTpaHT,
Ypanbckuii roCyiapCTBEHHbBIV TOPHbBIN YHUBEPCUTET,
Poccus, r. EkaTepuHOYpT

OLEHKA M3MEHYMNBOCTU PAJOHOOITACHOCTHA CYIIECTBYIOHINX
3IIAHI B PAMKAX CYTOUHOIO MOHUTOPUHTA

AnHomauyus. Padon — paduoakxmuseHstlii 2a3 6e3 ygema, 6Kkyca u 3anaxa. Ilonadas 6 opzaHusm ueioseexa, npo-
usgooum obnyueHue u, Kak ciedcmaeue, nelikemuro u pak. Teopemuueckue MHO20JIeMHUe UCCIE008AHUSL N0380-
JII0M 2080pUMb 0 NYMSX nocmynieHus padoHa 8 30aHusl, Mecmax ckonneHus u muepayuu. Hanuuue 2pynmos ¢
8bICOKUM codepxcaruem padust nod 30aHuem, MecmopoxcdeHust NpupooHo20 2asa, 800vl, npoweduwieli uepe3 paouti-
codepicaujue nopodsl, 3azpsi3HEHHbIX CINPOUMEJIbHBIX MAMEPUAN08 — 8Ce IMO0 yCyzydisem padoHo8Yio npodiemy.
IMomumo 3mozo, desmensHOCMBb Uenosekd. Paccmomperue 3asucumocmu om zpadueHma memnepamypol npu cy-
MOYHOM MOHUMOPUH2e KOHYeHmMpayuu padoHa no3eosem 6osee demaibHo 2080pums 0 hpobsieme padoHoonac-

HOCMu COBPEMEHHbBIX 30aHuti.

Kmioueevle cnoea: padoH, paduauus, 30auue, nocmynjiedue, 00yueHue, CMpPOUMenbHble MAMepudsl,
2pyHmMbl, KOHBeKUUs, Ou(@y3us, 06seMHaAss AKMUBHOCMb, KOHUEHMPAYUSL.

Bsederue

PanoH siBAsieTcs eCTeCTBEHHBIM MCTOYHUKOM
PangVOaKTUBHOTO M3TyYeHUsI, OOHOATOMHBIM pa-
IMOAKTUBHBIM ra3oM, KOTODbBIII He MMeeT CTa-
OMJIbHBIX M30TOIIOB U 06pasyeTcsl B reoJioruye-
CKOJ1 cpelle B pesyJbTaTe pacnaga pagus. PamoH
MPUCYTCTBYET BO BCEX TpeX PagMOaKTUBHBIX Ce-
MelCTBax: psf ypaHa, POJOHAYaIbHUKOM KOTO-
pOro SBJISIeTCs LOATOKUBYIIMIA u3oton 238U, a Ko-
HEYHBIM ITPOAYKTOM CTaGMUIbHBIM M30TON CBUHLIA
206Pb, psio Topus (pogoHaYaIbHUK — M30TOII TO-
pus 232Th, KOHEUHBII MPOAYKT — M30TOI CBUHIIA
208Pb), psa ypaHa 235 (pogoHaYaIbHUK — U30TOII
235U, a KOHeYHbI TPOAYKT — CTaOMIIbHBIN U30TOI
cBuHIla 207Pb), HO ero HauOOJbIINIA Bpem MAJis
300pOBbSI HAHOCUT €r0 POAUTENbCKUI M30TOI
222Rn, KOTOpBIN MMeeT Nepuof moaypacnaga 3,8
CYTOK U, CJIEA0BATENIbHO, MOXET MUTPUPOBATh Ha
3HauYMTeIbHbIE PACCTOSIHUSI OT MecTa oOpa3oBa-
Hus. [IBa npyrux musorona 220Rn 1 219Rn (TopoH
U aKTMHOH) MMEeIOT Iepuoz, Moypaciiasa MeHblie,
yeM Yy 222Rn. Tak, mnepuopm mnomypacmnaga
220Rn(TopoHa) coctaBisieT 55,6(1) c, a mepuof,
noaypacmnaza 219Rn (aKTMHMOHA) BCETo auUIb 3,96
(1) ¢, uTO ABNSIETCS HUYTOXKHO MAJIBIM IIPU OLI€HKE
CTelneHu pajlOHOOIaCHOCTH.

Korma roBopsT 006 006JydYeHMM paJlOHOM,
MMEIOT B BUJIy BHyTpeHHee obiyueHue. Ha moimio

222Rn MpUXOIUTCS TIOUTM BCSI 032 OBGTyUeHUS
nerkux (218Po, 214Pb, 214Bi u 214Po), nmpu sTom
IIOJIST «YMCTOTO» PaJioHa He 6oiee uem 2%. HeBos-
MOXHO pacIiO3HaTh MPUCYTCTBUE PajiloHA U €ro
MPOJIYKTOB TI0 BKYCY, IIBETY WJIN 3aIaxy.

PagoH OTHOCAT K KaHILieporeHaM TIepBO¥i
IPYIIbI, €ro MOBBIIIeHHOEe IIeHTpa/IbHOe PacIiofio-
SKeHVe ¥ Heu30eKHO Hanuye COIMYTCTBYIOIINX
MOOOYHBIX TMPOMYKTOB HPUBOAST K OOJYUEHUIO
BHYTPEHHMUX OPTaHOB, UTO MOXET BbI3BaTh pak
JIETKUX, JIeMiIKeMUIO U, TI0 MOC/IeJHUM TaHHbIM, PaKk
mo3ra. Cpeayt MPUYMH CMEPTU OT paka Jerkux
BO3/leliCTBMe paJioHa CTOUT Ha BTOPOM MecCTe T10-
cie kypeHus. CoBMeCTHO 3Tu (paKkTOpbl MMeIoT
MYJIbTUIUIMKATUBHBIN 3D QeKT: yiiepd oT UX COB-
MeCTHOTO JIeliCTBYSI BO MHOI'O pa3 IpeBbIlIaeT KO-
JIMYECTBO yIepba, HAHECEHHOT0 KaXIbIM (pakTo-
POM B OTHETbHOCTU. BEpOSITHOCTH 3a00/1€BaHUS B
OCHOBHOM 3aBUCUT OT MPOAOJIKUTETbHOCTU BO3-
IeVCTBUSI, UHTEHCUBHOCTU U COCTOSTHUSI 3I0POBbSI
4yeJI0BeKa, IIOABePriierocs Bo3neincTeuio [1].

OCHOBHOJ MCTOYHMK paJloHa — IOJCTUIAI0-
MV TOPHBIV MacCUB, HA KOTOPOM ITIOCTPOEHO 37a-
H1e. O6beMHasT aKTUBHOCTH PalOHA B TPYHTOBOM
BO3AyX€e COCTaBJsIeT HecsITKu Kbk/m3. Pexke -
CTpOUTeIbHbIE MaTepuabl, U3 KOTOPBIX CJI0XKEHO
37aHue.

H3snoxenue paccmampusaemuix 60npocos
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MaccuB KOpeHHBIX ODPOJ, KaK M BCS 3eMHas
KOpa, COLEP>XKUT B CBOEM COCTaBe pagyi0aKTUBHbIE
3/1IeMEeHTBHI.

TpaguIIMOHHO BBIAESIOT TPU PAAUOAKTUBHBIX
psifa: ypaHa, TOpUS M aKTUHUS.

B Hamreit ctpaHe mpo6yieMe paJloHOOTIACHOCTH
B HACTOSIIee BpeMs He YAEeJSIOT JODKHOTO BHU-
MaHMsl, TOrAa Kak BO MHOTMX Pa3BUTHIX CTpaHax
OHa pacCcMaTpUBAeTCsl Ha BBICOKOM YpoBHe. Bo-
MpocamMy KOHTPOJISI M MOHUTOpMHTA pajioHa B Poc-
CUM 3aHMMAIOTCSI CPAaBHUTEIbHO HEJABHO, a KOH-
KPETHBIMY MEpPOIPUSITUIMU, 06eCIIeunBaOIIIMU
CHIDKEHMe JO030BbIX HArpy30K OT PajjoHa U €ero
[OTIP, He MHTEpeCYIOTCS BOOOIIE.

PamoH HeM36eXHO MPUCYTCTBYET B BO3IyXe
nmo6oro 3ganusi. O6beMHas aKTMBHOCTb pajioHa
BHe 3IaHus cocTasisieT okojio 10 Bk/m3. O6beM-
Hasi aKTMBHOCTD PafioHa B 3[TaHNUSIX OOBIYHO BHIIIIE,
yeM B aTMochepHOM Bo3gyxe. Takoe M3MeHeHME
OA papmoHa 06yCIaBIMBaeTCS PSIOM IIPUYMH

1. Hanuume MCTOUHMKA pajoHa B 3OAHUU
WX OKOJIO HETO;

2. Hannuue myreli NpOHUMKHOBEHUS paJoHa
B 3[jaHMeE;

3. Hanuume ABVOKYIIMX CUJ, TIOZ, Ae/iICTBUEM
KOTOPBIX PaZOH NOCTYIA€ET B 34aHUE;

4. Hanuumue myTeil MUTrpaluy pasoHa MexXIy
MCTOYHMKOM paJioHa U 30aHueM.

OCHOBHBIM MCTOYHMKOM pafoHa SBJSETCS
MacCUB FOPHBIX MTOPOJ, Ha KOTOPOM PacIiOI0KeHO
3panme. O6beMHast aKTMBHOCTD PaJioHa B TPYHTO-
BOM BO3Jyxe 00bIYHO AOCTUTAET JeCATOK U COTEH
KBK/M3, IpryeM akKTMBHOCTb PaJjOHa Ha IMOBepX-
HOCTM MOKET pacTy, ec/iu MoJ, 34aH1eM pacrosio-
SKeHBbI paguiicoiepskaliye pygHble 00pa3soBaHMs.
[TapameTpbl TMOTEHUMAIBHOM PagOHOOIIACHOCTU
YCTaHAB/IMBAIOT TNPU MPOBEAEHUNM WHKEHEPHBIX
U3BICKAHWUIA [4].

Ipyrum MCTOYHUKOM paioOHa SIBJISIFOTCS CTPOU-
TeJIbHble MaTepuaslbl, U3 KOTOPBIX TIOCTPOEHO 37a-
Hue. JIJaHHBI MCTOYHUK OOBIYHO SIBJISIETCSI MEHee
CYIIIeCTBEHHBIM U JOMUHUPYET JIUIb B UCK/TIOUM -
TeJbHBIX CIy4asX. B KauecTBe mpumepa MOXXHO
Ha3BaTb CIyvail ucrnonb3oBanud B llIBenyn neHo-
6eToHa, M3TOTOBJIEHHOTO HA OCHOBE KBACIOBBIX
CJIaHLIeB C BBICOKMM cofepskaHueM paaud [1].

VicTouHMKOM paZioHa TaK JKe SIBJISIeTCS BOLa U3
apTe3MaHCKUX CKBaXMH. [Ipy KOHTaKTe BOABI C aT-
Mocdepoit MPOUCXOIUT BblIe/IeHNEe PAaCTBOPEH-
HOTO paZiloHa B BO31yx rmoMeieHusi. Oco6eHHO 3TO
HabmogaeTcss mpyu pas3bpeIsrMBaHuM BoAbl. Ilo
IaHHBIM AreHTCTBA II0 OXpaHe OKpYXXawllei

cpenpbl CIIA, yoenbHOM aKTUBHOCTU paZ0Ha B BOJE
B 1 0 BK/KT COOTBETCTBYeT yBeIueHne 06beMHOI
aKTUMBHOCTM paZioHa B Bo3ayxe Ha 1 Bk/m3. IIpu
3TOM CJIelyeT OTMeTUTb, UTO COIJIACHO JIeMICTBYIO-
muM B Poccum Hopmam pagmaiimoHHo# 6e3ormac-
Hocty HPB-99 nonyctumas ynenbHast akTUBHOCTD
pafioHa B UCTOUHMKAX ITUTHEBOTO BOJOCHAOKEHMS
He no/pKHA npeBbiliaTh 60 bk/kr. BeigeneHue pa-
JIOHA U3 BOJBI IPOUCXOAUT TEM UHTEHCUBHEE, YeM
60JIbIIIEe TUIOIIALh KOHTAKTA BOJIbI C aTMOChepoit 1
yeM BBILIE TeMIlepaTypa BOIBI, T. €. IIPU UCIIOJb-
30BaHMM [yIlNa, CYLIeCTBEHHO MeHbllee — IIpU
CTUpKe, y6OpKe TOMEINIeHUI ¥ IIPUTOTOBJIEHUS
oy [1].

W3 maccuBa TOpHBIX MOPOA, IOL 3J4aHVEM U
CTPOUTENBHBIX MaTepUasaoB, palOH MUTPUPYET I10
rnopam u tpemmHam. IIpoucxopsiiye mpu 3Tom
MPOLIECChl MOTYT OBITh OMMCAHbI HECKOJbKMMU
MexXaHU3MaMu:

1. Ouddy3mMoHHBIM, T.e. HAJIMYMEM Tpaju-
€HTa KOHIIeHTpaluuii pajoHa B cpene (CKOPOCTb
repeHoca paJsiloHa Ipy 3TOM B OCHOBHOM OIlpe[ie-
JigeTcsi 3HaueHueMm 3(derTuBHOrO Ko3hduim-
eHTa nuddys3un pajoHa B TaHHOI cpefe);

2. KoHBEKTUBHBIM, T.e. BbI3BaHHBIM Haju-
uyeM pPasHOCTM [aBJIEHUI MeXIy BHYTPEHHUM
06beMOM 3IaHMSI U BHelrHel aTMocdepoii, pas-
JIMYHBIMU YaCTSIMU 30aHUS U T.J,.

3. CMmemaHHbBIM (KOHBEKTUBHO-IUGGY31OH-
HbIM), C JOMUHUPYIOIIMM BKJIaJJOM OJHOIO U CYy-
LIeCTBEHHBIM BKJIALOM Jpyroro mexaHusma [10,
11].

[TpyHUIMIIMANBHOE pa3InuKe MeXIy MexaHU3-
MaM¥ MOCTYIUIEHUS paJloHa B 3[laHNe IPUBOINUT K
HEeOOXOIVMOCTY CO3JaHMsI PasIUUHbIX MOIX0I0B
JIJIS1 OTIMICaHUSI JaHHBIX TPOIIECCOB, a TAKXKe K MPU-
MEHEHMIO psiia Mep IO CHVKEHUIO BAMSHUS pa-
JIOHa.

B pamKax mpoBeIeHHbIX UCCAeIOBaHUI ObUIM
BBITTOJTHEHBI pa6OTHI 10 U3YUEHUIO M3MEHEHMS K-
BMBAJIEHTHO/ OOGBEMHOI aKTMBHOCTY pajloHA B
BO3[IYIITHOM MPOCTPAHCTBE CYIIeCTBYIONIUX [TOMe-
IIeHUI, Ha IpuUMepe ABYX 3MaHUil, pacroNOKeH-
HbIX B I. ERaTepuuo6ypre.

B pamkax mpoBemeHMSI MCCIeIOBaHUs ObUIM
BbIOpAHBI 2 3aHUS:

1. YacTHbIi [IOM, pacHOJOXKEHHBII B TOC.
[MankuHo. JoM ABYX3TakHbI. JIeHTOUHBI GYH-
IaMEeHT, pacIlOJIO’KeHHbII B rpaHniiax Bepx-Hcer-
CKOTO TPAaHUTHOIO MaccuBa. [IoM oTamnamMBaeTcs,
MIPUTOLEH JJII KPYTIOTOOAUYHOTO TPOKUBAHUIA.
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2. OdwucHoe 3maHMe, PaCIIOJIOKEHHOE B T.
ExkaTepuHOypr, Mo agpecy nep. ABTOMATUKMU, B
rpaHullaX TeEPPUTOPUMN, TIpeTepIieBliIeii aHTPOIIO-
reHHOe M3MeHeHMe. 3aHue IBYX3TakHOe, OTall-
JMBaemMoe, UMeeT IoJBajabHOe ToMelleHue. Tum
dbyHIamMeHTa — JIEHTOYHBIIi. PacIiookeHo B mpe-
Ienax [lapTalickoro rpaHUTHOTO MaccuBa.

O6e TIOIAAKYM PaCIo/IaraloTcs Ha KOPEHHbIX
MopoAax C BbICOKMM copaepskaHueM Ra-226, TP
KOTOpOro siBjisieTcss pajoH. [Ipu mpoBegeHUM
MTHOBEHHOJ OII€HKM MOTEHIMAJbHON pagoHO-
OTIACHOCTM B TeIlIblii TIepUOJ, rojia, 1o pe3yJibTa-
TaM IUIOTHOCTM MOTOKA paZjoHa C IMOBEPXHOCTU
TOYBHI BBISIBIEHO, UTO 3[IaHUS He SIBJISIIOTCS pajio-
HoomnacHbeiMu (3HaueHue [IIP<80 kbk/m?*c).

[lepBoHaua/sibHas OlleHKA pPaJoOHOOMAaCHOCTU
MPOBOMIIACh IPU MoMoIIy prubopos Kamepa-01
u PAA-20I12. VicciemyeMble TOMeILEHNSI COOTBET-
CTBYET TpeOOBAHMSIM CAHMUTAPHBIX ITPAaBUI M HOP-
MaTUBOB, TakK Kak BbITloaHSIeTcs yeiaoBue Cer < 100
bx/(M3) (MY 2.6.1.2838-11, m.6.5.), rme: Ccr -
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BepxHsg rpanuna DPOA n30TOMOB pagoHa, pac-
cuMtaHHoe 1mo MV 2.6.1.2838-11, 11.6.5.

Takum 06pa3zomM BUIHO, YTO MCC/IeTyeMble CO-
OpY’KeHMs, TIpY TTIepBOHAYAILHOM 00CIeOBaHUN,
He SIBJISIIOTCSI PaIOHOOTIACHBIMU, B COOTBETCTBUM C
TpebGoBaHMeM HOPMATUBHBIX JOKYMEHTOB.

V3MmepeHne 3HaueHMUIi aKTMBHOCTYM pajoHa B
CYTOYHOM LIMKJIe TIPOBOAMINCH IIPY TIOMOIIM pa-
nvomeTpoB pagoHa PAA-20I12. ITpu aToM paauo-
MeTpbl pasMeniaanch B MOABAJIbHbIX YaCTSIX TO-
meleHuit. VisMepeHue TemIiiepaTypbl ITPOBOAM-
JIUCh TIPYU TIOMOIIM M3MEpPUTEeTbHOTO KOMILIeKca
rmapaMeTpoB MMKpokiaumara «MeTeockom-M».
MeTonuka usmepenuss SPOA npuBoauTcs B pas-
Ieie 2. Pe3ynbTaThl MOHUTOPMHTA B CYTOUHOM
1yKie (1o ycpeqHeHHbIM TaHHBIM MpUBeleHbl Ha
rpadukax.

MecsiieM AJIsI CyTOYHOTO MOHMTOPMHIa ObLI
BbIOpAH ampesib, Kak MeCsIl C HaMbONbIINM Tepe-
MaJoM TeMIlepaTyp OKpY>Kawlllero Bo3ayxa.

129
125

122

01%821@§102

9POA Ha
naowankel

13 14 15 16 17 18 19 2B8p@MmAZYTAR, 2dC

Puc. 1. 3Hayenne OPOA 130TONOB pafoHa B CYTOYHOM LIMKJIe 3a arnpenb 2023 1.
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Puc. 2. 3nauenne SPOA 130TOMOB pajjoHa B CYTOYHOM IIMKIIE,
B 3aBUCUMMOCTHU OT TpaJijeHTa TeMIiepaTypsl 3a anpeyib 2023 T.

Taxkum o6pa3om, UCXOZS U3 MOTyYEHHBIX pe-
3yJAbTAaTOB, MOXHO yBUIETh udMeHeHue JPOA B
CYTOYHOM LIMKJIE.

3aknwueHue

[IpucyTcTBUE pajoHa B KUJIBIX U CITYKeOHBIX
MOMEIeHUSIX TIpefCTaB/lsieT CePbe3Hyl Ipo-
671eMy, TaK KaK CyIeCTBEHHBI yiiepo KOJUIeKTUB-
HOMY 3[0POBBIO HaceleHUsI NOCTUTaeTCs KpaliHe
MaJablMM KOHLEHTpaUUsSMMU 3TOTO0 PaJMOaKTUB-
HOrO rasa. llsMeHeHue pajioHa B CYTOYHOM LIMKJIE
M03BOJISIET TOBOPUTh O NMOTEHLMATbHOM U3MEHe-
HUM CTelleHU PaJOHOONAaCHOCTY TIOMelleHUM TIPU
yYMeHbIlIeHU! rpaiyieHTa TeMIlepaTyphl U CHMKe-
HUM CTEINIeHU NPU CHMKEHUM pa3HUIIbI TeMIlepa-
TYpbl HAPY>KHOTO ¥ BHYTPEHHETO BO3Ayxa. Takas
3aKOHOMEPHOCTb MOXeT ObITh BbI3BaHA CTEK-3¢-
(bexTOM ¥ TOBOPUTD O BO3MOXKHOCTY IPUMEHEHUS
MIPOTUBOPATOHOBOJ 3aIUTHI.
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GLAZACHEV Ivan Vadimovich
master's student, Ural State Mining University, Russia, Yekaterinburg

ASSESSMENT OF THE VARIABILITY OF THE RADON HAZARD
OF EXISTING BUILDINGS WITHIN THE FRAMEWORK
OF DAILY MONITORING

Abstract. Radon is a radioactive gas without color, taste or smell. Once in the human body, it produces radiation
and, as a result, leukemia and cancer. Theoretical long-term studies allow us to talk about the ways radon enters
buildings, places of accumulation and migration. The presence of soils with a high content of radium under the
building, deposits of natural gas, water that has passed through radium-containing rocks, contaminated building
materials — all this exacerbates the radon problem. In addition, human activity. Consideration of the dependence
on the temperature gradient during daily monitoring of radon concentration allows us to talk in more detail about
the problem of radon hazard in modern buildings.

Keywords: radon, radiation, building, intake, irradiation, building materials, soils, convection, diffusion.
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JOWJIbHUIIBIH Anekceti bopucosuu
MarucTpaHT Kadeapbl MOKapHO 6€30MacHOCTM 30aHuii M aBTOMATU3MPOBAHHBIX CUCTEM ITOSKa-
potymiennsi, Caukt-ITerepoyprckuii yuusepcutet I'TIC MUC Poccun, Poccus, r. CaukT-IleTep6ypr

OBECIEYEHUE IMOXAPHO¥ BE3OITACHOCTU
B 3ITAHUSX VUPEKJIEHUI 3IPABOOXPAHEHNS

Annomauus. Cmamuws nocésaujeHa odbecneueHuio mpe6osaruti noxcapHoii 6ezonacHocmu 8 yupexcoeHusx. Ipo-
8edeH aHanu3 00CcmMosmensCme 803HUKHOBEHUS U PA38UMUS NOXAPO8 8 30aHUSIX yupexcdeHull 30pasooxXpaneHus u
coysaujumol. M3noxceHst mpeGo8aHus No 0CHAWeHuo 00seKmos cpedcmeamu Agmomamuyeckoli Npomueonoxap-

HOTi 3auumel.

Kniouessie cnoea: y'iple(aeHl,lﬂ 3apaeooxpaHeHuﬂ, noxcapHas 6630naCHOCmb, cucmema agmomamuyeckoll

npomMueonoXcapHoti 3awjumst.

Bnaﬂm YUpeKIeHUi 37paBOOXpaHEeHUS U
COII3aNIUThI, B COOTBETCTBUM C TexXHUUeCKUM
perjaMeHTOM O TPebOBaHUSIX MTOXKAapHOI Oe3ormac-
HOCTHU, OTHOCATCS K Kiaccy @ 1.1 mo ¢yHKIMO-
HaJIbHO MOKapHOi1 OMTaCHOCTH.

K yupexxmeHusiM 3 paBOOXpaHeHMs U COMallb-
HOJ 3aIIMUTHI CO CTAIIMOHAPHBIM MPeObIBAHNEM B
HUX MaJIOMOOMJIbHBIX TPYIII JIIOJI€i1 OTHOCSITCS:

—  JOMa-MHTepHATHI JJIsI TpeCcTapesIblX U MH-
BAJIN/IOB;

—  COUMaIbHO-PeabuIUTaIOHHbIE IIEHTPHI;

—  TNICUXOHEBPOJIOTMYECKME IIeHTPbl (Ouc-
TIaHCephl);

—  GOJIbHUIIBI.

HdaHHble OOGBEKTHI MMEIOT CBOIO CIENMOUKY,
KOTopas 3akjioyaeTcsi, Kak MpaBUIO, B MPUCYT-
CTBUM GOJIBIIIOTO KOJIMUECTBA JII0e C OrpaHNYeH-
HBIMM (PU3UUECKMMU Y YMCTBEHHBIMMU CIIOCOOHO-
CTSIMU PA3JIMYHBIX BO3PACTHBIX I'PYIIIT, MEeIUIIMH-
CKOT0 ¥ 06CTY>KMBAIOIIETro IepcoHaa.

OCHOBHBIMM TIPUUMHAMYM BO3HUKHOBEHUS TI0-
’KapoB Ha 00'bEKTAaX 3[PaBOOXPAHEHMS U COLMATb-
HOJi 3aIUTHI SIBJISIIOTCS :

—  HEOCTOpPOXXHOe O00OpalleHyue C OrHeM -
42%:;

—  HapyuleHue MpaBui yCTPOCTBA U IKCILTY-
aTaiuu 3aeKTpoobopyaoBaHus —39%;

—  yMbIIIEHHbIE JEICTBUSI TI0 YHUUTONXe-
HUIO (TIOBPEXOEeHUI0) MMYILIeCTBa, HaHeCeHUs
Bpena 340pOBbI0 YesoBeka (mogskor) — 11%;

—  HapyuleHue MpaBui yCTPOCTBA U IKCILTY-
aTainuu nnevei — 7%;

—  [pouMe MPUYMHBI, He OTHOCSIIMECS HU K
OLHOJ 13 IepeunCcIeHHbIX BbIlIe IPynIl 4%;

—  HEUCIPaBHOCTb MTPOU3BOICTBEHHOTO 060-
pymoBaHMS, HapylleHue TeXHOJOTMYeCcKoro mpo-
1iecca mpou3BoCTBaA — 2%;

—  HapylleHue MpaBui yCTPOICTBA U IKCILTY-
aTaluuy TeIJIoOTeHepUpPYIOIIMX arperaToB U ycTa-
HOBOK — 1%.

Haubospiiee 4Mciao >KepPTB IMPUXOAUTCS Ha
BO3paCTHYIO I'PYIIITY JiIofielt crapiie 65 jieT. 90% ot
00IIero KoJIM4ecTBa MOTMOMMX TPYM IOXKape II0
crpaHe. I'JTaBHbIe TPUYMHBI TMOENN JIOAEN TIpU
roxapax — JeiicTBue IIPOLYKTOB ropeHus (0o 76%
OT 001IIero umciia MormoIIMx) U BbICOKAs TeMIIepa-
Typa (7o 19% oT 0611ero ymciaa HOTUGIINX).

[TpoBeIeHHbII aHATU3 OOCTOSITEBCTB BO3HUK-
HOBEHMSI UM Pa3BUTUS IIOXKAPOB ITO3BOJISIET BbI-
SIBUTb OIpeJleJIeHHbIe 3aKOHOMEPHOCTH, CITI0CO0-
CTBYIOIIYE HACTYIIJIEHUIO TSDKKUX MOCTeNCTBUI B
CTallMOHAPHBIX YUYpeXIeHUSIX COILMaIbHOM 3a-
LIUTBI CyObeKTOB Poccuiickoit ®emepaiinim.

K unciry 06beKTUMBHBIX TPUUMH OTHOCUTCS BbI-
COKasl CTerleHb M3HOIIEHHOCTM CTPOEHMIi, KakK
KOHCTPYKUMIA 30aHMII, TaK M UX MHXEHEepPHOro
obecrieuyeHns, OTCYTCTBME SKOHOMMUUYECKUX BO3-
MOSKHOCTEI TIOAJEPKaHUSI IPOTUBOIIOKAPHOTO
COCTOSIHMSI 3[TaHMI, HU3KAasi 00eCIeYeHHOCTh JKU-
JIBIX 3[AHUI cpemIcTBaMy OGHAPYKEHUS U OTOBe-
1eHusl O ToXape, a Takke COBpeMeHHbIMM Iiep-
BUYHBIMM CpeJICTBAMU TTOXKAPOTYIIeHNS.

Hanuune B rMoMeleHUSIX JTeUeOHBIX yUpeKe-
HMIT C JOJTOBPeMEHHBIM IpebbIBaHMEM ITallyeH-
TOB pa3IMYHbBIX CTOPAEMBbIX TTPEAMETOB, CUHTETH-
yeCKUX U3IeINii M pa3Ho00pa3Hoit ObITOBOI 1 Me-
IULMHCKOV TEXHUKM, YBeIUUMBAET MOTEHLIMAIb-
HYI0 BO3MOKHOCTb BO3HMKHOBEHMSI IOKapoOB U
IejaeT [axe Camblii He3HAUUTEJbHBIN I0Xap
OTIaCHBIM [JIs1 KM3HM U 3I00POBbS JIOAEN U3-3a
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BbIJIe/IeHUS SITOBUTBIX Ta30B IPU TOPEHUM CUHTE-
TUYECKMUX MaTepPUaIoB.

K dakropam, crocoOGCTBYIOIINM TI'MOeIN JIo-
Ieii, cienyeT OTHEeCTU U Takue SBJIeHUs, Kak He
CIIOCOOHOCTb K CaMOCTOSITeJIbHOMY ITepeJBIIKe-
HUIO, HE aIeKBAaTHOE BOCIIPUSITUE CUTyaAlLlUU, YBe-
JIMUMBAIOILASICS HACBIILIEHHOCTh MOMeIlleHMiI Ma-
TepuasaMy, BbIAEISIOMVMU TIPU TOPeHUM 0c060
oTlacHble TOKCUMYHbBIE BEIeCTBa, a TAkKe yBeanye-
HMe KOJIMUeCTBA Pa3/IMUHbIX IHEPreTUUeCKUX UC-
TOYHMKOB, UCITOJIb3YEMbBIX B OBITY.

CaMbIMM pPacCIpOCTPAaHEHHBIMY IPUUYMHAMU
TSDKKMX TTOC/IeACTBUIA HA OXKapax SIBJISIIOTCS :

—  HM3Kasl yCTONYMBOCTD 3[IaHMi1 TIpU TI0Ka-
pax;

—  [JIUTeJIbHOE CKPBbITOE pas3BUTHE MoXapa,
00yC/IOB/IEHHOE OTCYTCTBMEM CUCTEMbI CUTHAJIM-
3allMM B TIOMeNeHUM, TJe HaXOAMJICS ouar Io-
Kapa;

—  HeCBOeBpeMeHHOe COOOIIeHe O TToKape B
TOXXapHYI0 OXpaHy (3agepkka 30-40 MUHYT);

—  yOaJIleHHOCTb TMOXXapHbIX MO pa3sieleHuii
OT MecTa ToXkapa U IUIoXue AOPOsKHbIe YCIOBUS
(rononen);

—  OTCYTCTBME IIPSIMOI CBSI3U YUpeXAeHUM
3paBOOXpaHeHUs U COLMAIbHOM 3aIMUThI C 6JIM3-
JIesKallliMU TTOKapHBIMY YaCTSIMU;

—  TIpeKJIOHHBI BO3pacT U 60JIe3HEHHOEe CO-
CTOSIHME MTPOXMBAIOIINX B MUHTEpHATE, UCKITI0Ual0-
iee BO3MOXXHOCTb MX CaMOCTOSITe/IbHOM 3BaKya-
1970/

—  MaJOYMCJIEHHOCTb 06CITYyKMBAIOIETO
TepcoHasa, CHoCO6GHOr0 06eCIIeunTh 9BaKyaLuIo U
criaceHue IMPOKMBAOIINX, a TAKKe UX c/1abast Mo -
TOTOBKA K JENCTBUSIM B 3KCTpPeMaJbHBbIX CUTya-
LUSIX;

—  He[0CTaTOK MepPBUUHBIX CPEJICTB MOXKapo-
TYILIEHUS;

—  OTCYTCTBME CDEeACTB CIaceHMus Mpu IIO-
Kape.

Oco60 ciieryeT OTMETUTD, UTO CYIIECTBYIOIIAS
B OOJIBIIMHCTBE YUPEXIEHUI CUCTEMA OIOBelle-
HUSL O TOsKape SIBJISIETCSl yCTapeBlieit U Malaoho-
CTYITHOM 11 HeaJalTUPOBAaHHBIX CIOEB Hacese-
HUSI (JIIOfieli ¢ TIoTepet cayxa, 3peHus U T.1I), 4TO
BJIeYeT 3a CO00ii HeCBOEBPEMEHHOE BBITIOTHEHME
MepOIPUSITHIL TI0 IBaKyal Uy JIIOIeli.

CremyeT yuuTBIBaTh, UTO 3HAUMTE/NbHAS YaCTh
MalMeHTOB He MOXET CaMOCTOSITE/IbHO MepesBy-
raTbCsl M 3BakyupoBaTbcs. CiieloBaTenbHO, OC-
HOBHbIE MePOIPUSTHS T10 ITOBBINIEHNIO TOsKAaPHO
6e30MmacHOCTH MeOVLIVHCKUX yupexxaeHuin

IIOJKHBI OBITH HAIIpaBJeHbl Ha IIpefoTBpalleHne
BO3HMKHOBEHMS ¥ paclipoCTpaHeHMs MoyKapa.

Taxe 06bEKTHI JODKHBI ObITH OCHAIIEHbI:

—  cucTeMaMM IIPOTUBOIBIMHOI 3aIIUTHI;

—  cuCTeMaMM aBTOMaTHYeCKOTO TMOXKapoTy-
IIeHUS;

—  cuUCTeMaMM TOXKapHOW CUTHAIU3AIUU C
BBIBOJIOM CUTHaJIa Ha IyJibT 01;

—  cucTeMaMU OTIOBeleHMsI JIIoJeii O TToxKkape
M yIIpaBJieHMsI 9BaKyalmeii.

ODBaKyallMOHHbIE ITyTUM ¥ BBIXOIbI AOJDKHBI
obecreunBaTh He TOJILKO 6e30ITacHYI 3SBaKya-
M0, HO BO3MOXXHOCTD CITACEHMs C MCITOJIb30Ba-
HMeM HOCWIOK, KaTaJoOK U T.N. [IBepu sBakyalu-
OHHBIX BBIXOJOB JOJIKHBI OBITH 00OPYZOBAHBI
YCTpOJCTBAaMM  «AHTUIIAHWKA», OTKPbIBAIOIM-
MMCSI IO CUTHAJTY TTpY cpabaThIBAaHUM CHCTEMBI 06-
HapyskeHMs rmoxkapa.

[Tomemienus: cienyeT o60pymoOBaTh MPOTUBO-
MOKapHBIMM IBEPSIMMU C TOBOTUMKAMMU.

VuuTeIBas HeaZeKBaTHOE MTOBeIeHNe psia ma-
[IMEHTOB MEAUIIMHCKUX YUpeXIeHUid, CaeayeT
paccMoTpeTh BOMPOC 06 MCIIOIb30BaHUM B Iajia-
Tax Heroplouux OT[e/IOUHBIX U TeKCTUIbHbBIX Ma-
TepuasoB.

BaskHOe 3HaueHMe MMeeT ITOATOTOBJIIEHHOCTb
TepcoHaia K OeiiCTBUSIM IpU Moxkape (OroBelle-
HMe, CllaceHye u T.11.).

Cucrema obecrieueHust TTOKapHOI 6e30MmacHo-
CTU 06BEKTOB MeOUIMHCKIX OpraHM3aLuit, yape-
SKIEHUI COLMANbHON 3alUThl U YUPEKIEHUI CO-
LIMaJbHOTO OOCTY;KMBaHUS C TpeObIBaHMEM JIIO-
Jleil Ha TIOCTOSIHHOJ OCHOBE MJIM CTallMOHAPHOM
JledeHMM OJ/DKHA BKIIOYATh CUCTEMY ITpedoTBpa-
HIeHMs TIosKapa; CUCTeMY IPOTUBOIIOXKAPHON 3a-
IOMTbI; KOMITJIEKC OPraHM3allMMOHHO-TEXHNYECKMX
MepOIPpUSITUL U AO/DKHA YUUTHIBATH 0COGEHHO-
CTU, HAXOMSIIErocsl B 3TUX OOBEKTaX KOHTMH-
TeHTa.
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ENSURING FIRE SAFETY IN BUILDINGS OF HEALTHCARE INSTITUTIONS

Abstract. The article is devoted to ensuring the requirements of fire safety in institutions. The analysis of the
circumstances of the occurrence and development of fire in the buildings of health care and social protection insti-
tutions is carried out. Requirements for equipping facilities with automatic fire protection means.

Keywords: healthcare institutions, fire safety, automatic fire protection system.
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ITPOBEPKA HAJINYVSA KOHOUJEHIINAJIbHBIX TOKYMEHTOB

Annomauus. ITposepku Hanuuus KOHQGUIEHYUANBHBIX OOKYMEHMOB S16JISII0MCS HEOMseMIEMOL Hacmesio npo-
yecca ynpasneHus KoHudeHyuaivHsim desionpouzsodcmeom. Hx 2nasHas uyenv 3axawouaemcs 8 obecneueHuu
HAOe}H020 KOHMPOJA 3d COXPAHHOCMBI0 JOKYyMEHMO08. B xode maxux nposepox ocyujecmesisemcs CONOCMasaeHue
(pakmuuecxkozo Hanuuus 0OKYMeHIMO08 ¢ OAHHbIMU, COOEPHCAUUMUCS 8 Yuemme, d MAKice 8biseieHUe 0Mmcymcmaeyio-
Wux OKyMEeHmMo8 U npuHamue mep no ux NOUCKy U 80CCMAHO8JIeHUNW. B danHoii cmamve 6y0ym paccmompeHol

Kakue O6vi8arm nposepKu U MemoouKu ux nposedeHusl.

Kntoueswle cnoea: KoHpudeHyuanbHOCMb, KOHQUOIEHYUANbHAS UHPOpMAUUs, 3aujuma KoHpuoeHYuambHot
uH(opmayuu, KoHpudeHyuarpHoe deonpou3800cme0, NPosepKu, MemoouKu NPoBepPox.

O,ELHI/IM 3 BRKHENIIMX YCIO0BUIM COXpPaHEHUS
KoHbumeHnmaabHoi napopmauyu (K1) sB-
JisileTcs TIPaBWJIbHO HajakeHHasl cucTemMa KOH-
TPOJIS 32 HAIMYMEM, YUETOM, XpaHeHeM, U 00pa-
neHneM ¢ KOHQUAeHIMATbHBIMU JOKYMEHTaMMU B
opraHmusauuu. B mpoijecce peructpauuu u yuera
IOKYMEHTOB BO3MOSKHBI OIIMOKM, KOTOPbIE MOTYT
MPUBECTU K UCKAXEHUIO JAHHBIX O NOKYMEHTax.
DTO MOXKET ObITh BBI3BAHO HENOCTATOYHOI BHMU-
MaTeJIbHOCTBIO IIPU PYYHOM BHeCeHUM uHGpopMa-
UMM, TEXHNYECKUMY COOSIMU B CUCTEME yUeTa UIn
Ipyrumu dakrtopaMu. B pesynbrarte TakKuxX OIIMU-
060K MOXET BO3HMKHYTb HECOOTBETCTBME MEXIY
(baKkTMUeCKMM HaIMYMEM JOKYMEHTOB M MHOOP-
Malueit, coaepskalencs B yueTHOM cucreme. s
MpedoTBpallleHus] TaKUX CUTyaluii U obecrieve-
Hus 60Jiee TOYHOTO yueTa JOKYMEHTOB IIPUMeHS -
I0OTCSI pas/iMyHble METOIbl M MHCTpyMeHTbl. Of-
HUM U3 TaKUX MHCTPYMEHTOB SIBJISIeTCS pusnue-
cKkas MHBeHTapu3aius. [IpoBepka IpeamnosaraeT
MeproaANYECKyI0 CBEpKY (aKTMUYECKOrO HaINMUMs
IOKYMEHTOB. JTO IO3BOJISIET BBISIBUTH BO3MOX-
HbIe PaCXOXAEHUSI MeXAY YUETHBIMMU JaHHBIMU U
peasbHbIM HaJNM4lMEeM AOKYMEHTOB, a TAKKe CBOe-
BpeMeHHO IIPUHSITh Mepbl 10 UX MCIIPaBAeHUIO.

B 3aBMCUMMOCTHM OT TOTO, KTO OpTraHU3yeT Mpo-
BEpPKM U KaKue CTaBUT Ieped HUMM LeJIU U 3aJaun
MMPOBEPKY MMOAPA3AESIOTCS Ha CIeAYIOIIEe BUIbI:

—  eXeJHEeBHbIe — MPOBOASITCS B KOHIE AHS
MCIIOJTHUTEJISIMU, a TaK)ke PabOTHUKAMMU KOHDU-
neHuasibHOro penonpoussonactea (KOII) Ha
CBOEM Y4YacCTKe;

—  eXXeHeJeJibHble — MPOBOJSITCSI CAaMOCTOS -
TeJIbHO PYKOBOJMTEIEM CTPYKTYPHOTO

rnogpasgeeHuss aubo ero 3aMecTUTeNeM WK
YIIOTHOMOYEHHBIM UM JINIIOM;

—  eXeMecCsiuHble (eXXKeKBapTaJibHbIE) — IIPO-
BepKa HaIMuMsl KOHGUIEHLIMATbHBIX JOKYMEH-
TOB, HAXOSIIVXCST Y UCIIOJIHUTE e B MecTax I10-
CTOSIHHOTO XpaHeHMs, a Takke He IOIIMTBIX B
Iena KOHMUOEHIMAJbHOIO IeJIOIPOM3BOICTBA.
DTU NPOBepKU MPOBOAAT paborHukamu KIIIT.

—  exeroaHasi (TI0 UCTeUeHUMU roja) — Mpo-
BepKa (haKTMUECKOTO HaJIUYMSI BCEX HOCUTEse
KU, noaroToBneHHbIX U MOCTYNUBIINX TOKYMEH-
TOB, B TOM UMCJIe He TIOAIINUTBIX B Aejia MU He 1e-
peBeleHHbIX Ha MHBEHTApHbI yueT, B TeueHUe
MpoLIeIIIero roga.

MeToauka nnpoBepokK

E>xegHeBHbIe. Kaykablil MCIIOJIHUTEb B KOHIIE
ITHSI TOJDKEH MTPOBEPUTH 10 OMMCY HaTMume y cebst
IOKYMEHTOB U BCe JIM OHU YUYTEHbI B OMIUCH (TIPO-
BepKa, Kak IpaBUJI0 OCYLIECTBJISIETCS TOJIBKO C 10-
KyMEHTaMM, KOTOpbIe MCIOIb30BaINCh B 3TOT pa-
6ounii gensb). B mogpasgenenuu KOTI Toke mpoBo-
IUTCS TPOBEPKa BCeX MOAMMCEN U 3aMMCeN B Kyp-
Ha/iaX y4yeTa, B TOM UMCJie B XKypHa/IaX BXOMSIINUX
U UCXOASAIINX NOKYMEHTOB.

ExxeHepenbHbIe. [Tepen MpoBepKoii y IPOBePsI-
OLLIET'0 AO/IKHbBI ObITh TOUHBIE TAHHbIE 00 00beMax
IOKYMEHTOB y UCTIOTHUTe ielt. Takue faHHbIe eMy
IOJDKHBI TIPEIOCTaBUTh PAbOTHUKM IOApaserie-
Hus KII. TToce mpoBepKy B ONUCK UCTIOJTHUTEJIS
MMPOBEPSIOIIMM BHOCUTCSI 3aIllMCh «IOKYMEHTHI B
HaAM4uy, yTpaT HE BBISIBJIEHO», MPOCTABISIETCS
MOAINCh U maTa. MiHoToa ObIBAaeT, UTO B ITOATO-
TOBKE OJHOTO TpPOEeKTa MAM NOKyMeHTa 3afjeii-
CTBOBAHO MHOTO PaOOTHMKOB, B TaKMX CITy4Yasx
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MOXXET OCYIIeCTB/SITbCS TOJbKO €eXXeHeJlelabHast
MMPOBEpPKa.

ExxemecsiuHble  (exxeKBapTaibHble). I[IpoBo-
matcst paborHukom KITI. Pa6otuuk KIIT 3a61aro-
BpEMEHHO [ejlaeT BbIOOPKY JTOKYMEHTOB, YMCISI-
HIMXCS 3a MCcIoiHuTeneM. [Tocie mpoBepKu Ha 10-
clenHel CTpaHUIle OIMMUCU MCIOJHUTENST TaKke
BHOCUTCS 3aMMCh «TOKYMEHTbI B HaJAUUUU, YTpaT
He BbISIBJIEHO», IIPOCTABJISIeTCS MOAMNMCH M JaTa.

EsxeromHas. ExxerogHasi TpoBepKa IMPOBOAUTCS
CrenmanbHO CO3JaHHOM KOMUCCHUEN, B COCTaB KO-
TOPOJA, KaK IIPaBUJIO, BXOLST:

—  paboTtHuK noapasgenenus KT,

—  PYKOBOIMTENb MPOBEPSIEMOTO TMOApasne-
JieHust 6o ero 3aMeCTUTEJb UM YIIOTHOMOYEH-
HOe UM JIUlI;

—  UCIOJIHUTEeNIU TIpOBepsSeMOro Iofpasfe-
JIEHUS].

[MpencenaTteneM KOMUCCUY Ha3HAYAETCS YIIOM-
HOMOYEHHO€e PYKOBOJUTEeIEM OPTaHU3al UM JIULIO.
Bce unmeHbl KOMUCCUM [OJKHBI MMETb COOTBET-
CTBYIOLINI JomycK K K.

Ilepen mpoBegeHMeM IIPOBEPKM IIPOBOOMUTCS
3acelaHue KOMMCCUM, Ha KOTOPOM aHaIU3UPY-
eTCs aKT IpeapIaylleli MPOBEepPKM, COCTABIISIETCS
IJIaH TIPOBeJIeHNSI TPOBEPKU C YUETOM BbISBIEH-
HBIX [TpebIAyILeli IPOBEPKOi 3aMeuyaHuit U Hefo-
YeTOB.

Komuccusi Takske MOXKET OCYILECTBSTh IIPO-
BePKY COCTOSTHUS pexkuma coxpaHHocTu KU B op-
raHM3alny, KoTopast BKIIOUYaeT B cebs:

—  BbINOJIHEHNeE MPeJJI0XKeHU I TPegbIayIINX
KOMMCCHIA;

—  BBbISBJIEHME U 3aKpbITHE KAaHAJIOB YTEUYKU
KU;

—  TIPOBEpPKY MOpsIIKa IOIMycka paGOTHUKOB
K K1 u koHpuaeHIMaIbHBIM paboTaM, IIpoBee-
HMe 3aHSITUII C pabOTHMKAMM OpraHM3aluu Io
U3YUEHUI HOPMATUBHBIX aKTOB, periaMeHTUpY-
fomyx pa6oty ¢ KU u ee 3aimuTy;

—  TPOBEPKY MeCT XpaHeHUs KOHpUIeHIM-
QIbHBIX JOKYMEHTOB, OPraHMU3aLMI0 ITPOMTYCKHOTO
peXXuma K HUM.

[TpoBepKa HanMUMs TOKYMEHTOB HaUMHAETCS C
rMepeyHsi He MOAIIUTHIX TOKYMEHTOB, KOTOPBIA
IOJKEH ObITh MPUKPEIUIEH K aKTy Mpemblayiiei
KOMMCCUM. YIOCTOBEPUBIINCH B TOM, UTO BCe YKa-
3aHHbIe TaM JOKYMEHTbI B HUIMYMUM U B XKypHaIaxX
yyeTa eCTh OTMEeTKM O MOAIIMBKE UX B Jiefa, KO-
MUCCUSI HAUMHAaeT IMPOBEePITh HaIMunue aej, KHUT
U XYPHaAJIOB, ONHOBPEMEHHO MPOBEpsIeTCs mpa-
BUJIbHOCTDb BeJIeHMs] HOMEHKJ/IATypbl U MHBEHTap-
HBIX KHUT, MMPaBWIBHOCTb odopmiieHus. Ocoboe
BHMMaHMEe KOMUCCUSI MOKeT YO e/lUTb TeM JelaM,

K KOTOPBIM MMEKT JOCTYIl MHOTO pPabOTHUKOB.
Kpome Toro, mpoBepsITCs MOPSIAOK CIauM IejI B ap-
XUB, CBOEBPEMEHHOCTb, YHUUTOXEHUSI KOHU-
JIeHIMaTbHbBIX TOKYMEHTOB.

Ilanee BemeTcsl CBepKa C XKypHajJlaMM ydyeTa U
KHUTaMM, ¥ GaKTUIECKUM HaJIM4MeM TOKyMeEH-
TOB, @ TaKKe C aKTaMM Ha YHUUTOXeHUe U pe-
ecTpaMM Ha OTIIpaBJIeHHbIE TOKYMeHThI. IIpo-
BepKa MPOM3BOAUTCS MOJIMCTHO ITyTeM CBEPKU HO-
MepOB M KOJIMYECTBa JIMCTOB JOKyMEHTa C TeM,
YTO YKa3aHHO B peecTpax M KypHajax yueTa, B TOM
YycIie B XKypHaIaxX BXOISIINUX M UCXOASIINX JOKY-
MeHTOB. Oco60e BHMMaHKe o6palaeTcs Ha Haju-
yle IPUIOKeHU B TOKYMEHTaXx, eC/iy MPUIoxe-
HUS HET, 3HAUMT [0/KHA ObITh CIIpaBKa O TOM, T/Ie
OHO ceruac. OGHOBpPEMEHHO C 3TUM KOMMCCUS
MpoBepsieT Hajauuue pa3paboTaHHBIX U Pa3MHO-
>KEHHBIX TOKYMEHTOB, MOAIIUTBIX B Oenax. Korma
BCe IMOMIINTHIE Jejia OYOYT IPOBePeHbl, KOMMUCCHS
HauMHaeT MPOBEePSITh HAJIMUMe He MOMIIUTBIX J0-
KYMEHTOB.

B xHMrax u skypHajiax yuyeTa, IIepexoasiinimx 13
rojia B roji BCe cAeJaHHble OTMETKM 06 OTIIpaBKe,
YHUUYTOXEHUHU, TepeyuyeTe AOKYMEHTOB 3aBepsi-
I0TCS CIlelMaJbHbIM LITAMIIOM «YUeT CBepeH» C
ITPOCTaBJIEHNEM JIAThI U IMOAIINCH ITPOBEPSIOIIETO.
OT KOMMUCCUM K KOMMUCCUM IITaMII XPaHUTCS B TY-
Oyce, omevyaTaHHOM IIpelcenaTesieM KOMMCCUM
MpeIbIIyIero roja.

[To pe3ynbTaTaM IMPOBEPKU COCTABJISIETCST AKT.
AKT cocTaB/sSIeTCS B IPOM3BOJIBHON (opme, rme
00513aTeJIbHO YKa3bIBAETCS:

—  BCe JiM TOCTYNMUBIINME, pa3MHOKEHHbIE U
U3JlaHHbIe JOKYMEHTbI HaxoAsTcsl B Haauuuu. B
cyyae BbISIBJIEHUMSI HeNOCTAIoIIero JOKyMeHTa
YKa3bIBAIOTCSl €r0 PeKBU3UTHI, ITIOJTHOE HaMeHO-
BaHMe, a TAKKe KPATKO M3J1araloTcs CooOpaskeHusI
10 ero OTCYTCTBUIO;

—  COCTOSIHMe y4eTa, MPaBUIbHOCTb BeJleHUSs
KHUT, JIeJT, TTOPSIIOK pa3paboTKM M Pa3sMHOKEHUS
KOHOUAEHIMATbHBIX TOKYMEHTOB;

—  TOpSIOK ydeTa, XpaHeHMs I0Jb30BaHUS
nevyaTsMM U IITaMIIaMMu;

—  yCTpaHeHMe BbBISIBIIEHHBIX IIpeAbIayIieit
MMPOBEPKOJi 3aMevaHuii U HeJJ0UeTOB;

—  IepeuyeHb [TOKYMEHTOB, He MOAIIUTHIX B
Jena.

AKT rmpefcTaB/IsIeTCs Ha YTBEPKIeHe PYKOBO-
IUTENI0 OpraHM3alyMM M TOBOAUTCS B IOApasme-
JIeHUS 1151 yueTa B paboTte 1160 115 JaabHeIero
yCTpaHeHUs BbISIBJIEHHbBIX HEJIOUETOB.

TakuM 00pa3oM, KpaTKO ObLIM PacCMOTPEHBI
BUIBI TIPOBEPOK JOKYMEHTOB, comepxamux K1 n
NopsooK WuX TIpoBemeHusi. Takue MOPOBEPKU
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TTO3BOJISIIOT ITOIEPKMBATD ITOPSI0K B KOHDUIEH-
UMaJIbHOM [e/J0MPOM3BOACTBE, UTO B CBOIO OYe-
pelib 03BOJISIET 00ECIIeuBaTh HAIEXKHbBIN YUET U
KOHTPOJIb 32 COXPAHHOCTBHI0 TOKYMEHTOB, COLep-
skamyx KH.

JIuteparypa

1. ®epepanbHblli  3akoH oT 27.07.2006
N2 149-®3 «06 undopmaiu, MHGOPMaLIVIOHHBIX
TEXHOJIOTMSIX M O 3amuTe uHopmanum» // KoH-
cynbTaHTILIIOC: CIIPaBOYHO-MIPABOBAsI CUCTEMA
[0, camr]. URL:
https://www.consultant.ru/document/cons_doc_L
AW 61798/ (nata obpaienusi: 15.12.2023).

2. ®enepanbHbili 3akOH oT 29 uwonsa 2004 r.
N2 98-®3 «O kommepyecKkoii TariHe» // KoHCy/b-
tanTllnoc: cipaBoYHO-1IpaBoBas cuctema [Oduil.
CaifT]. URL:
https://www.consultant.ru/document/cons_doc_L
AW 48699/ (nata obparmmennsi: 15.12.2023).

3. Ilpukas PocapxuBa ot 11 ampens 2018 r.
N2 44 "06 yTBepskAeHUM IPUMEPHON MHCTPYKLMUN
0 AeJ0ITPOU3BOACTBY B TOCYJAapCTBEHHBIX Opra-
Hu3anusax' // TapaHT: mHGOPMaLMOHHO-TIPAaBO-
BOI rnopTan [Odmnir. cair]. URL:
https://www.garant.ru/products/ipo/prime/doc/71
920678/ (mata o6paienust: 15.12.2023).

TOKAREV Maxim Nikolaevich
Chief Specialist of the Information Security Group,
Joint Stock Company "Scientific and Production Association named after S.A. Lavochkin",
Russia, Khimki

CHECKING FOR CONFIDENTIAL DOCUMENTS

Abstract. Verification of the availability of confidential documents is an integral part of the confidential records
management process. Their main purpose is to ensure reliable control over the safety of documents. During such
checks, the actual availability of documents is compared with the data contained in the accounting, as well as the
identification of missing documents and the adoption of measures to find and restore them. This article will discuss
what types of checks and methods of their implementation are.

Keywords: confidentiality, confidential information, protection of confidential information, confidential record
keeping, inspections, inspection methods.
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ITMIITEBAA IIPOMBIIMIJIEHHOCTDb

d- " 10.5281/zenodo.10419444

BAJIACAHSH Csetiiana IOpoBHa
Iupexktop, OO0 «Cow3KOMIIOHEHT», Poccus, 1. IIaTuropck

COBPEMEHHBIE TEHAEHIIVU U ITEPCIIEKTHUBbBI IIPUMEHEHUSA
IMUIIEBBIX TOBABOK B ITUIIIEBOI ITPOMBIIIJIEHHOCTU

AHHomauus. B amoti cmamee paccmampugaemcst 380J104ust nNuujedsix 006a80K 0m HAMYpPalbHbIX UHZPeoueH-
moe K UCKYCCI8eHHbIM 000a8Kam nod eausHueM UHOYCMPpUaIu3auuu u CmpemMawuxcs K NpubsLiu NUWEessix Kop-
nopayuii. B Hell ocgewjaemcs npozHO3UpyeMblli pocm pvlHKA Nuuyessix 000a8oK, 00yC108JIEHHBII CNPOCOM HA 00-
pabomarHsle nulyessle NPOOYKMal, YAyUUIAWUE 8KYC U IKON02UUHOCTB. B cmamoe dobasku kaaccuguyupyromcs
8 3a8UCUMOCMU OM UX (PYHKUYULT 8 yyuuieHUU 00pabomKu nulessix NpodyKmoe, Cpoka 200HOCMU U NUMAMeJIbHOT
ueHHoCMuU. B Hem paccmampueainmcs pucku 0ns 300poebs, ces3aHHble ¢ 00asKamu, 8KII0UAS TNOKCUUHOCMb U
oxcupeHue, U noduepxusaemcs Heo6xXo0uMoCmes MOHUMOPUH2A U OOHOBIEHUS HOPMAMUBHbIX akmos. Takxce 00-
cyxcdaemcs ucnonb308aHue NUULEBsIX 80JI0KOH 8 MACHOU NPOMBIULIEHHOCMU O YaIyUlieHUs QYHKYUOHANBHOCMU
U cokpauwjeHuss omxo0oe. B 3aknioueHue cmamosu paccMampueaiomcs: co8pemeHHble MeHOeHYUU, C8A3aHMblE C
HamypanbHeiMu dobasxkamu u paspabomroli UHHO8AUUOHHbIX, Oe30NACHBIX U IKOJI02UUECKU YUCMbIX A00UMUBHbIX

mexHoJi02uil.

Knrouessle cnoea: nuuja, nuwessie do6asku, 300posse, NPOOYyKMbol, COBPEMEHHbIE MEXHON02UU.

BBegenmne

Bo Bce BpemeHa muiia O6bljIa OCHOBOJ SKM3HM.
KauecTBeHHbIe TIPOIYKThI, TTOJIydeHHbIEe U3 HATY-
Pa/IbHBIX MHIPEOVEHTOB, CIY>KAaT OCHOBOWM IJis
300pOBbSI U HOATONeTUS. MHOTO BBIAAIOIIVXCS
JIMYHOCTEH Pa3HbIX 3TI0X BHICKA3bIBAIMCH 06 3TOM,
MOUepPKUBAs M0JIb3y HATYPAIbHBIX TPOLYKTOB U
UX KIOpUIMHOCTb. CeronHs, B YCIOBUSIX KeCTKOM
rJ106a/IbHOM KOHKYPEHLMM 33 IPOHOBOIbCTBEH-
HbIE PeCypChl, BaXKHOCTh HATYPaIbHBIX TPOIYKTOB
ISt GyOyIiero HacejaeHMUs] CTAHOBUTCS aKTyajlb-
HOIA.

C pa3BuUTHEM NUILLEBOI XMMUU B TIePUOT, UH]TY -
CTpUaNM3aluy MHOTME TMIIeBble T06AaBKM CTaIN
UCKYCCTBEHHBIMMU. Y3ke B 1930-X ydyeHble HadyaaIn
M3y4yaTh BO3MECTBME ITUX JOOABOK HA OPraHMU3M
yesioBeka. OgHAKO KPyIMHbIe KOPHOpaLuy TMuiiie-
BOI1 TIPOMBINIJIEHHOCTU YBUJIEU B 3TOM BBITOZY.
OHM 0CO3Ha/IN, UTO J06ABJIsS ONpeaeeHHbIe MH-
rpeIMeHThbl, MOTYT TOJYYUTb OOJIBIIYIO TPUObLIH
Y 3aBOEBATh JIOSITIBHYIO ayIUTOPUIO, IpeIoYnTa-
IOITYI0 UX MPOAYKINIO. B HacTosme JHU TpaHC-
HallMOHAJ/IbHbIE THUILEBble KOMMAHUU TOTYUYalOT
OTPOMHYIO BBITOZIY OT MPOJIaX CBOe MPOAYKIIVNA.

Takue KOMIaHUU YCIIEIHO KOHTPOJUPYIOT MUPO-
BOJi PBIHOK ¥ BJIMSIOT HAa IIpeJOUTeHUS] MUJLTUO-
HOB IOTpebuTesneil. TeHHast MHKeHepUsl CTaHO-
BUTCS ellle ONHUM LIaroM B 3TOM HallpaBJIeHUN.

Pa3BuTne MHHOBALMOHHBIX TEXHOJIOTUI, OCO-
O0eHHO TeHHOJ MHXXeHepUM, UMeeT U (MHAHCOBbIE
MOTMBBI, OCOOEHHO [JjIs1 TpPaHCHAIMOHATbHbBIX
Kopriopanuii. HeynmuBuTeapHO, YTO 3/€Ch MOTYT
MPOMCXOJIUTDH CTOBOPBI MEXY KPYITHBIMM KOMIIA-
HUSIMM, YUEHBIMM ¥ Pa3INMUYHBIMU CTPYKTypaMu,
KOHTPOIUPYIOLMMY MUPOBOI PBIHOK U, CJIef0Ba-
TeJIbHO, BAMSIIONIMMM Ha HaceJeHMe MHOTUX
CTpaH.

[IporHo3upyeTcs, UTO 06bEM PbIHKA MUIIEBBIX
I06aBOK YBEeIMUUTCS 00 2,44 MuuMapaa ooJuia-
pos CIIIA k 2023 rogy 1 [OCTUTHET OTMETKHU B 4,62
muwinuapga gomtapos CIIA k 2033 ropy. B Teue-
HMe TIPOTHO3MPYeMOTO Tiepuojia OXKUIaeTcs
YCTOVMYMBBIN TOH K TOAY POCT PbIHKA HAa YpPOBHE
6,6%.

Cy1iecTByeT HECKOJIBKO (haKTOPOB, KOTOPbIE
CIIOCOOCTBYIOT YBEIMYEHMIO CITPOCA Ha IUINEBBIE
I0OABKI:
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IMoTpeb6neHne 06pabOTaHHBIX ¥ TOTOBBIX K YIIO-
Tpe6JIeHNIO TTPOIYKTOB CTUMYJIMUPYET MHTEPEC K
[IMIIEBBIM J0OaBKAM.

ITpou3BoOOUTEM BCE Yallle BHEAPSIOT T06AaBKHA,
yTOGBI YCOBEPIIEHCTBOBATh BKYC IMPOAYKTOB.

PocT 3a11pocoB Ha 9KOJOTMUYECKM YMCTYIO U BbI-
COKOKA4YeCTBEHHYIO MUY CIIOCO6CTBYET MOBBIIIIe-
HUIO MHTepeca K IMUIIeBbIM J06aBKaM.

PasnauuHble opraHusaiuy, BKIOUass IIpomo-
BOJIbCTBEHHYI0O aJIMMHUCTPATUBHYIO OpraHusa-
1110, BCeMUPHYIO OpraHu3anmio 374paBoOXpaHe-
HMs U MUHUCTEPCTBO cenlbcKoro xo3siicTea CHIA,
aKTMBHO BHEOPAIOT CTaHIAapTU3UPOBAaHHbIE [10-
0aBKM C LIeJIbI0 PaCIIVMpPEeHs PhIHKA AJISI MEKIYHAa -
POIHOI TOPTOBIIN.

IIporpecc B TeXHOJOTUSAX, YBEJIMUEHME 3alpo-
COB Ha 37J0POBYIO MUIIY ¥ MHHOBAaLMU B 06J1aCTU
TIMIIEBOI TTPOMBINUIEHHOCTY CTUMYIUPYIOT POCT
MCITOTb30BAHMS MUIEBBIX JOOABOK.

Otpacib pacmmpsiercs 6iaromapsi pacTylemy
CIIPOCY Ha MPOAYKTHI C IJIUTEbHBIM CPOKOM Xpa-
HeHMs, TaKMe KaK MapyHOBaHHbIE Or'YpPIlbl, CJIaI0-
cTU ¥ 6eKOH. BHeipeHNe TeXHOJIOrMii MUKpOKAIl-
CYyMPOBAaHMS IJIT COXpAaHEeHMUs I[BeTa IMPOIYKTOB
CITOCOOCTBYET yBeIMUYeHMI0 06beMa phIHKa [1].

PocT crpoca Ha QYHKIMOHAIbHbIE TUIIEBbIE
I06aBKM U yBelMueHMe 06pabOTKM IPOLYKTOB
CTAHOBSITCS KJTIOUEBBIMM ABVIKYIIVMMU CUIIAMU PO-
CTa 9TOTO PhIHKA. BaJKHO OTMETHUTD, UTO POCT ITPO-
M3BOACTBA 0OPabOTAaHHBIX IUIIEBBIX MPOIYKTOB
MIPSIMO CBSI3aH CO CITIPOCOM Ha MuIleBble J06aBKM.
ITpuMeHeHMe MTPOU3BOIHBIX MOPCKIMX BOIOPOCIIEi
B KaueCTBe 3aMeHUTee XKupa U NMOJCIaCTUTeNeNn
CTEBUM B MUIIEBbIX TPOOYKTAX OTPAsKAET TE€H I EH-
LIMIO MICTIO/Ib30BaHUST (PYHKIMOHAIbHBIX M06aBOK
ILIST YITYUIIeHs TTMIIEBBIX CBOJMCTB.

DT 106aBKM 00/1aAI0T 3HAUMTETbHBIMHU TTIpe-
MMYIIECTBAMM [IJIS1 30POBbS, TAKMMM KaK HaU-
yie BaKHBIX MUTATENbHBIX BEIECTB ¥ aHTUOKCH-
JIaHTOB, CHMKEHME PUCKA Pa3BUTUS XPOHUUECKUX
3a00/IeBaHMIT U 3aIIMUTA KJIETOK OT TOBPEKIEHMIA.
[TosTomy pocT cripoca Ha (QyHKIMOHAIbHBIE HO-
6aBKM OyZIeT CTUMYJ/IMPOBATHCS ITOBBIIIEHHBIM VH-
TepecoM K TepepaboTaHHBIM MPOAYKTAM, UTO
TIPUBEET K YBEJIMUEHUIO JOXO0B B cepe muiie-
BbIX 106ABOK [2].

1. O630p NMIIEBBIX TOOABOK

[IumeBbie 1O6GABKYM — 9TO pa3pelieHHbie MyH-
3apaBoM P® xummyeckue BelleCcTBa U COeOMHe-
HMSI, KOTOpble OOBIYHO He YIIOTPeOJISIIoTCS Kak
MINIIA, HO LieJIeHAIIpaBeHHO N00aB/ISIOTCS B IIPO-
OYKTbI Ha PAa3JIMUYHLIX 3TallaX ITPOM3BOJACTBA IJIAd
YIyUIIeHUs WM O6JerdeHus] TeXHOJIOTMUECKUX
TIPOIE€CCOB, YBEJIVYEHUST CTOMKOCTY MPOAYKTOB K

rmopue, COXpaHeHUs UX CTPYKTYPbl U OpraHoJien-
TUYECKUX CBOJCTB.

OCHOBHbIE 11/ BBeIeHS UIIEBbIX T0OABOK:

. CoBepllleHCTBOBaHME MTPOM3BOACTBEHHbBIX
MPOLIECCOB B ITOATOTOBKE, IepepaboTKe, XpaHe-
HUU U TPAHCIIOPTUPOBKE MUIIEBBIX ITPOTYKTOB.

. CoxpaHeHMe eCTeCTBEHHBIX KadyeCTB ITH-
1IeBO MPOAYKIIVN.

e ViyullleH/e OpraHoJIeIITUYeCKUX CBOCTB
U CTaGUIBHOCTY TIPOIYKTOB MPU XpaHEHUN.

BaykHO, uTOOBI MuIlEBbie HOOABKM He TMpe[-
CTaBJISUIM YTPO3Y 340POBbIO MIPU AJIUTEITBHOM VC-
MMOJIb30BaHUMN.

[uimeBble H00ABKM MOAPa3meNsSIOTCS  Ha
I'PYIIIBI B 3aBUCUMOCTHU OT UX (PYHKIMOHAILHOTO
Ha3HAYEHMS:

. PerynsiTopsl BKyca (apoMaTuU3aTOPhI, BKY-
coBbIe M06aBKM, ITOICAACTUTE/IN, KUCTOTHI).

. BemecTBa, yiaydliaioniye BHEUIHUN BUT,
(KpacuTeny, CTabUIM3aTOPHI I1[BeTa, OTOEeIMBA-
TeJn).

. CocTaBuUTeIM TEKCTYPbl M KOHCUCTEHIIUN
(3arycTuTesnu, SMyabraTopsbl, CTabUIM3aTOPHI).

. BemiecTBa 111 MpoAJieHUsI CpOKa TOAHO-
CTU (KOHCEPBAHTbI, aHTUOKCUAAHTHI).

He cyiemyert mytath nmuineBbie JOOABKY C COEIM-
HEHMSIMM, YBEJIUUMBAIOIIMMY UIEBYIO LIEHHOCTD
MPOAYKTOB, TAKMMM KaK BUTAMMUHbI, MUKpPO3Jie-
MEHTBI VI aMUHOKMUCJIOTHI.

[To ompenenenuio OO6beAMHEHHOTO KOMMUTETA
9KCIIepTOB IO MuieBbiM mobaBkam G®AO-BO3,
MUIeBbie JO0OAaBKM — 3TO HEIMIeBbie BelleCcTBa,
nmob6aBisieMble B MIPOAYKTHI ITUTAHMS AJIsT YIy4lle-
HUSI UX CBOMCTB WM YBeJUYEHUSI CPOKOB XpaHe-
Hust. TepMuH "TiUIIEeBbIe JOOABKM" HE UMEET ey-
HOTO TOJIKOBaHMS M TOJJAeTCsl pas3jiMYHbIM MH-
TepIipeTalysM, OJHAKO OIpeje/ieHe BHECEHHOe
B ®enepanbHbiit 3akoH U CaHIIMH npencTtasis-
eTcs Hanbosee OOIIMM.

B ocHoBe kiaccuuKanuy MUIIEBbIX 100aBOK
JIEKUT TPYNIMPOBKA MX IO TEXHOJOTUUECKUM
dbyHKIMSIM. B COOTBETCTBUM C Hel BCe MPSIMbIe
nuieBbie 06aBKM MOKHO pasaeNlnTh Ha 5 rpymim:
BelllecTBa, y/yuyllalomiye I[BET, apoMaT U BKYC
MMPOAYKTOB; BeIeCcTBa, Pperyjaupymwlie KOHCU-
CTEHIIMIO IIPOJYKTOB; BeIEeCTBa, CIIOCOOCTBYIO-
1Me yBeJIMYeHUI0 CPOKOB TOAHOCTM; BelecTBa,
yCKOpSIoInye 1 objeryaminye BeJeHne TeXHOJI0-
IrMYeCKMX IIPOIeCcCcoB, BCIIOMOTraTe/IbHbIe MaTepu-
aJlbl.

BemiectBa, yayuinawiiye 1BeT, apOMaT U BKYC
ITPOIYKTOB:

. KpacuTesnu,

e oTOeNMBaTeNN;
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*  duKcaTopbl OKPacKu;

*  apoMaTm3aTophl;

*  yCUJIMUTEeNnM BKycCa M apoMarta;

*  MHTEHCHUBHBbIE [TI0JICIaCTUTENN;

*  caxapo3aMeHUTeJH;

. IIOOKUCJIUTEJIN |

. COJIEHDbIE BellleCcTBa.

Jlrony BeKamMu yJIydlllajy BHEIIHUI BUI, apo-
MaT M BKyC MUIIM, HO6GABJSAS K Heil CoNb, YKCYC,
MPSIHOCTY U T.J., HO TOJBKO C Pa3BUTHEM XUMUYE-
CKOJ1 MPOMBILIZIEHHOCTY MOSIBUJIACh BO3MOKHOCTD
I06aB/ISITh K MPOAYKTAM TIMTAaHUSI BEIIeCTBa,
yIydllawllye LBeT, apoMaT U BKyc. LIBeTo-, apo-
MaTo- U BKyCOOGpa3yIolliye BelllecTBa, eCTeCTBEH-
HBIM 00pa30M COfEepsKalIecs: B MUIIEBOM ChIPbe,
BeCbMa HeCTOVKU. B )KECTKUX YCIIOBUSX ITPOMBIII -
JIEHHOJ TIlepepaboTKu U MpU AJIUTEIbHOM XpaHe-
HMY OHM 4aCTO pa3pymamTcs. [IoaTomy TpebyeTcs
I0OABJISITh B MPOAYKT STU WIM aHAJIOTUMYHbIE UM
BelecTBa M3BHe. KpoMe TOro, HauMHasl C KOHIA
XIX Beka M 0COOEHHO BO BTOpPO¥ MonoBMHE XX
BeKa, MOSBUINCH NULIEBbIE MPOLYKThI, KOTOPbIM
TpebyeTcsl TIpuIaBaThb IPUBJIEKATENbHbBIN BUT,
apomar, IIBETOBOE ¥ BKYCOBOE pa3HOOOpasue
(HammpuMmeD, KeBaTeJbHAasI pe3MHKa U COEBbIE MTPO-
IYKTBI). ITUM MIPUEMOM YCIEIIHO NOJb3YITCS U
IS paclIMpeHus. acCCOPTUMEHTa TPafMUIMOHHBIX
MMPOJOBOBLCTBEHHBIX TOBAPOB, HATPUMeEP KOHIU-
TePCKUX KPeMOB MJIM aJIKOT'OJIbLHBIX HAIIUTKOB [3].

XuUMHUUeCcKoe POUCXOKIeHNEe MUIIEBIX 106a-
BOK Pa3HOO6GPa3HO, OHM MOTYT ObITh KaK MPUPOI-
HOr0, TaK M MCKYCCTBEHHOTO IIPOMCXOXIEHUS,
BKJIIOYAs MPOLECChl XMMUYIECKOTO CUMHTe3a. Pas-
HOOOpa3sue 106aBOK BKIIOUAET COeIVHEHNS U UH-
JIVUBYyaIbHbIEe COEIVHEHNUS.

Arap-arap u IOpyrue arapomibl, IPOU3BOIN-
Mble U3 MOPCKMX BOA0POC/IEN, UMEIOT pasauyHble
CBOJICTBA B 3aBUCUMOCTHU OT IPOUCXOXKIEHUSI. ITU
BOOOpOCAN, pacTyiuue B benom mope u Tuxom
oKeaHe, ¢1ab0 PacCTBOPUMBI B XOJIOHO BOfie, 06-
pasysl XOpOILIO CTOMKOe >Kejle NPU OXJIKIEeHUU
pacTBOpa, MOJIYYEHHOTO NP HarpeBaHUM.

Arapou (4epHOMOPCKUIi arap) — 3To GULIO0-
dbopa u3 YepHoro mopsi, KOTOpasi Takke ¢1abo pac-
TBOpMMa B XOJIOMHOI Boje, 0Opasys keje Ipu
HarpeBaHUM U TOCIEAYIOIIeM OXJKIEHUU, HO
MeHee CTOJiKoe IO CPaBHEHUIO C aTapoM.

®ypcennapaH, IOJTYyYeHHbIN U3 MOPCKUX BOAO-
pocneit pypcemisipun, XuMmuuecku 67vKke K arapy
1 arapouny, GopMuUpyeT Kejie CpefHei MI0THO-
CTU U IPUMEHSIeTCSI TPU MPUTOTOBJIEHUM MapMe-
JIaZi0B U JKeJIeMHBIX KOHPeT.

AJNIBrMHOBBIE KMUCOTHI U albIMHAT HATPUS, T10-
aucaxapuabl U3 GyphIX BOMOpPOCIel, 06aamaioT

PasIMYHOI PaCTBOPUMOCTDIO: TIEPBbIE HEPACTBO-
PUMBI, HO CBSI3BIBAIOT BOAY, B TO BPEMSI KaK aJIbI-
HAT HATPUsI XOPOIIO PacCTBOPUM B Bojie. OHM TIpH-
MEHSIIOTCSI B KauyecTBe 3aryCTUTeJIeid, skeyeobpa-
30BaTeiei ¥ SMYIbraTOPOB B M3TOTOBIEHUYM Map-
MeJjiazia, KOHGEeT ¥ COKOB.

MeTW/IOBBI M 3TUIOBBIN 3(PUPHI 1EUTHI03bI
(o6bpruHBIE 3(PUPBHI  LIEJTIOI03bI) MCIIOIb3YIOTCS
IIpU TIPOM3BOACTBE MOPOKEHOIO, KOHIMUTEPCKUX
U30e/INii U COYCOB.

[IuTaTenpHble IMOBEPXHOCTHO-aKTUBHbBIE Be-
mectBa ([TAB) nmpuHamaiekaT K TpyIiaM BellecTs,
KOTOpbIE CHIKAIOT IMOBEPXHOCTHOE HATSDKEHME,
CIIOCOOCTBYSI CO3HAHMIO MEJIKOAUCIIEPCHBIX U
YCTOMUMBBIX KOJUIOMOHBIX CUCTEM. Y MOJIEKYI
ITAB o6bruHo muddysHasi CTPYKTypa C TUAPO-
dbunbHbIMM ¥ TUAPOGOOHBIMM TpyHIIamMu. I'uapo-
(dbuibHbBIE TPYIIBI O€Jal0T UX PacTBOPUMBIMMU B
BOJie, B TO BpeMs Kak TMapodo6HbIe TPYIIIbI - B
HEeTMOJISIPHBIX pacTBOpUTeNAX. IIAB pasmMelaioTcs
Ha rpaHuiie $has, uX CBOMCTBA 3aBUCSIT OT XMMMUYE-
CKOV CTPYKTYPBI M COOTHOIIEHUS TUAPODMITBHBIX
u TUapo¢o6HbIX rpymni. OHM MOTYT 6bITh MOH-
HBIMM U HEMOHHBIMM B 3aBUCUMMOCTY OT TUIIA TU/I-
pOGUIBHBIX TpyIIN. VIOHHbIE MOTYT OBITh AaHMOH-
HBIMM, KATMOHHBIMY U aMGbOTePHBIMU, HE JUCCO-
UMUPYS B BOJIE.

[TAB urpaT BakKHYIO POJIb B PEryIuMpoBaHUU
CBOJICTB MUIIEBOTO ChIPbS, MOTYHa6PUKATOB U TO-
TOBBIX MPOIYKTOB, paCCMAaTPUBAEMbIX KaK reTepo-
TeHHbIe CUCTEeMbI. B HacTosIIlee BpeMsl, B pas3inu-
HBIX CTpaHax, IPOU3BOIITCS 3HAUMUTEIbHbIE 00b-
€MblI TTOBEPXHOCTHO-aKTUBHBIX BEIIECTB.

OCHOBHBIMM TUTATENbHBIMU ITOBEPXHOCTHO-
aKTMBHBIMM BeIeCTBAMM SBJISIOTCS ITPOU3BO[I-
Hble OOJHOATOMHBIX M MHOIOAQTOMHBIX CIIMPTOB,
MOHO- M [MCaxapuIoB, a TaKKe KUCIOTHbIE
OCTaTKM Pa3HOOOPA3HOI CTPYKTYPbI, KOTOPBIE CO-
CTaBJISIOT UX CTPYKTYPHbIE KOMITOHEHTBI.

[ToBEPXHOCTHO-aKTUBHbIE BEIECTBA, IMUPOKO
MIpMMeHsieMble B IMINEBOI IPOMBIIIIEHHOCTH,
MIPeICTaBJISAIOT €000/ MHOTOKOMITOHEHTHbBIE CO-
eOVHEeHMs, a UX Ha3BaHMS Yallle BCErO CBSI3aHBI
TOJIBKO C OCHOBHBIM KOMITOHEHTOM. OHM HaXOSIT
MIpMMeHeHMe BO Bcex cdepax MUIeBOii MPOMBIIII-
JIEHHOCTH.

dochommmuabl, Kak HaTypaJbHbIE, TAK M CUH-
TeTUYeCKye, UCIOIb3YIOTCS B Pa3IMUHBIX OTpac-
JIIX TIMINEBOJ MPOMBIIIJIEHHOCTH, BKIIIOYAsT Xje-
OOIeKapHyl0, KOHAUTEPCKYI0D ¥ IPOU3BOACTBO
MaprapyuHa.

IMpuponHbie GochONUITNIbI, TAKXKE V3BECTHBIE
Kak dochaTuabl uau GochaTUIHbI KOHLIEHTPAT,
TUAPATUPYIOTCS U3  pPacCTUTENbHBIX  Maces,
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cogepkamux 1o 60% dochoaunumoB u no 40%
TPUALVITIUIIEPOJIOB. B MX COCTaB BXOAST pas3ind-
Hble KOMIIOHEHTBI, Takue Kak (GochOoInIIIKCOo-
JuHbL (Mo 25%), dochoTuamIsITaHOIAMUHBI (0
25%), nudochatuaunranieposns (16-17%) u doc-
dbatupabie KUCIOTHI (5-10%). OHM MIUPOKO WUC-
TIOJIb3YIOTCS B IIPOU3BO/ICTBE X/1€06a, MyUHBIX KOH-
IUTEePCKUX U3AENIA, III0KOJIala, HAallUTKOB U MO-
POSKEHOTO.

Cunretnueckue Gochonunuapl, MpuMeHse-
MbI€ B ITUINEBOJ TPOMBIIIJIEHHOCTU, MUMEIOT OTJIN-
Yys B COCTaBe, OTCYTCTBYET HAJMUME B UX MOJIEKY-
JlaX COeIMHEeHM a30Ta. DTO KOMIUJIEKCHBIE COeu-
HeHus1, o6pasylolye C TPUIIUIEPUAAMY aMMO-
HMEeBbIe UM HATPUEBbBIE COIU PasINUHbIX Gocdo-
JIUIUIHBIX KUCIOT. VICIoab30BaHMe CUMHTETUYe-
ckux ¢GocHoaUNMUIOB B TPOU3BOCTBE IIOKOIAA
MTO3BOJIIET SKOHOMUTH KaKao-MacyIo ¥ B Maprapy-
HOBOJ1 ITPOMBIIIIJIEHHOCTY BBIITYCKATh 00€3KMPEH-
Hble MaprapuHbI C COepsKaHMeM KUPOBO (ha3bl
40-50%. [jst mpou3BOACTBA MaprapuHa MUCHOJIb-
3yeTcs CMeCh B rponopuuu 3:1 amynsratopa T-1u
dochaTuaHOro KOHIIEHTpaTa smy/abratopa T-®.

D\\ y

C——CH,

RO

CioskHble 3GUPbI MTOJUTIUIEPUHA TIPeICTaB-
JITIOT CcOo060it coenuHeHus, 0Opa3oBaHHbIE KUP-
HBIMM KUCJIOTaMM C TOJUTIULIEPUHOM, COLepsKa-
e CBOGOAHbIE TTONIUIINIIEPUHBI, & TAK)KEe HEKO-
TOpOE KOJMYECTBO MOHO-, OVi- Y TPUTIUIEPUIOB.
OHM HaxOIAT IpUMeHeHMe B XJIeOHOM, KOHIUTEp-
CKOM ¥ MaprapMHOBOM IIPOM3BOJICTBAX MUILEBOIA
MIPOMBIIIITIEHHOCTM.

Ddupsl caxapo3bl — CJIOXHbIE COEAVHEHMUS,
npencrasisiionye coboit 3pupbl HATypaJIbHbIX
KUCJIOT, 00pa3oBaHHble caxapo30it. OHYU MIMPOKO
MCITO/Ib3YIOTCS B TIPOU3BOACTBE KOHAUTEPCKUX,
XJ1e606YIOUHbIX U3AENNi ¥ MOPOKEHOTO.

CroskHbIe 3UPBI COPOUTA SIBISIIOTCS COeIUHE-
HUSIMM, 00Pa30BAaHHBIMM COPOUTOM M HATypasb-
HBbIMM KMCJIOTaMM.

IMpousBoOgHbIE  BBICOKOXXMPHBIX  CIIMPTOB
(P - ciMpTOBbBIE OCTATKM) U KapOOHOBBIX KUCJIOT
TaKKe MPUMEHSIOTCS B MUIEBO ITPOMBIIIIEHHO-
CTH.

OH

Puc. 1. CykuuHat

HO

A

C—=CH

RO

OH

Puc. 2. TapTpaTsl

OHM UCIIONb3YIOTCS MPAKTUUECKU BO BCEX OT-
pacIsSIX MUIeBO¥ TPOMbBILIIEHHOCTH [4, 5].

2. Pucku pns 340pOBbS, CBSI3aHHbIE C MUIIE-
BbIMM J0O6aBKaMU

B oTanune oT BOOOPacTBOPUMBIX BUTAMUHOB,
>KupopactBopumbie ButamuHbl A, D, E u K moryTt
HaKaIIMBaTbCsS B TEeYeHM U >KUPOBBIX TKaHSX.
UpesmepHoe ymnoTpebieHMe MOXKET MPUBECTU K

TOKCMYHOCTU. OOIIMe CUMITOMBI TOKCUYHOCTU
MMKPO3/IEMEHTOB (BUTaMMHOB ¥ MUHEPAJIOB)
BKJTIOUAIOT CEPIIEUHYIO apUTMUIO, TOJIOBHYIO O60JIb,
TOLIHOTY U PBOTY, @ B TSDKEJIBIX CIY4Yasix FOJIOBHbIE
6011, cymoporu, oburyi 60jib B Teje, Cl1abOCTh,
OJBIIIKY, TOLWIHOTY, PBOTY, OMaper, JUXOPaIKYy,
MeTa/UINYeCKuii TPUBKYC, BBICOKOE KPOBSIHOE
JIaBlieHKe, OTCYTCTBME AUype3a, a BBICOKME I03bI



AKTYyaJbHbIe UCCIeJOBAaHUS ¢ 2023. N251 (181)

W IIuiesas IpPOMBIILUIEHHOCTD | 70

MOTYT BbI3bIBATh B3aMMOJENCTBME ITUTATEIbHBIX
BEIIleCTB, HAIIPUMED, Kejle3a M Meau, U3MEeHEeHUs
B KOJKe, BOJIOCAX Y HOTTSIX, BPOXKIEeHHbIE He(eKThI
cpenyt APYruX CUMIITOMOB.

C Ipyroii CTOPOHBI, IIOCTOSTHHOE 3JI0YIIOTPed-
JIeHue TIOACAACTUTENIIMMY UM O06aBKaAMM SKUPHBIX
KUCJIOT MOKET IPUBECTU K U36bITOUHOMY BeCY U
OXMPEHUIO, KOTOPBIE SIBJISIIOTCS MpeIBeCTHUKAMMU
MHOTUX COITYTCTBYIOIINX HEMH(PEKIMOHHbIX 3a60-
JIeBaHUi [6].

Bpenubix 1o6aBOK HAMHOTO OOJIbIIIE, YeM I10-
JIe3HBIX. B X UMCJI0 BXOIST He TOJbKO CMHTeTHUYe-
CKMe BelleCTBa, HO elle 1 HaTypajabHble. Bpem -
IIeBBIX J00ABOK MOXKET ObITb BeJMK, OCOGEHHO
eCJIM UX YIIOTPE6ISATh C TPOTYKTAMM PETYISIPHO U
B OOJIBIINX KOJIMYECTBAX.

B HacTos11ee BpeMsi B Poccuy 3ampelieHsl 10-
06aBKU:

. yayqamuTenu xiaeba u mMykum - E924a,
E924d,;

. KoHcepBaHThl — E217, E216, E240;

«  kpacureim — E121, E173, E128, E123, Red
2G, E240.

WccnemoBaHusl CIEIMATNCTOB PErYISIPHO 00-
HOBJISIIOT CIIMCKM paspelleHHbIX ¥ 3alpeneHHbIX
Io6aBOK. BaxkHo ciienuTh 3a Takoit nHGOpMaLuei,
TaK KaK HeJoOpPOCOBECTHbIE ITPOVU3BOAUTEINN
HapyIIalT TEXHOJOTUM MPOU3BOICTBA, CTPEMSICh
CHU3UTDb Ce6eCTOMMOCTDb TOBapa [7].

3. [I[pyuMeHeHMe NUILEBbIX BOJIOKOH B MSICHOM
MIPOMBIIIEHHOCTU

MsICO M ero MPOAYKThI SIBJISIIOTCS CKOPOIIOPTSI-
HIMMMCST TIPOAYKTaMM, U3-3a CJIOSKHOTO COCTaBa U
BBICOKOTO COIep>KaHMsI BJIari, UTO CIIOCOOCTBYET
PasMHOXeHMI0 6aKTepuii, OTBETCTBEHHBIX 3a pas-
JIO’KEHMeE, ¥ BbI3bIBAET M3MEHEHMS B X BKYCOBBIX
M MUIIEBBIX XapaKTePUCTUKAX M3-3a OKMUCIAEHMS
JIUTINAOB ¥ 6€KOB. [IJIs1 yBeJIMUEHMsT CPOKa TOTHO-
CTU MSICHBIX TPOIYKTOB IPUMEHSIOT aHTUOKCHU-
IaHTbl, aHTUMMUKPOGHBIE IperapaThl M MHHOBA-
IIMOHHBIE MeTOIbl 06paboTk. Ocoboe BHMMAaHME
yIenseTcs IPUPOIHbIM COeIVHEeHUSIM U METOIaM
00pabOTKY, MMHMMAJIBHO BO3JECTBYIOIIMM Ha
MPOIYKT TEPMUUECKHA.

[Tpouecc mepepabOTKM MSICHBIX U3OENINI MO-
KeT ObITh HAIlpaBJ/IeH Ha yIyullieHne uxX QyHKIMO-
HaJIbHBIX XapaKTEePUCTUK ITyTeM J0OaBIEHUS pac-
TUTEJIbHBIX KOMITIOHEHTOB, GOTAThIX IUIEBBHIMMI
BOJIOKHAMM, TaKUX KaK KPYTIsTHas M 3epHOO060Bas

MYyKa, OBOIIM, GPYKTOBAsA MSIKOTh U Opyrue. ITOT
METOH, CIOCOOeH O00ecIeunTh 3HAYUTEIHHYIO
YacTh HEOOXOIMMOTO €XeJHEBHOTO MOTpebaeHNs
MUIEBBIX BOJIOKOH ISl JIIOZEN, PeryasipHO YIIo-
Tpebnaomux mMsaco. IlorpebieHne MSICHBIX IMPO-
IYKTOB, OOOTAleHHBIX IMUINEBbIMU BOJOKHAMMU,
MOXKeT CTaTh MPOGMIAKTUKONM IJI Pa3TUYHbIX 3a-
OoyieBaHMIi, TaKMX KaK wuilemuudeckass 060jie3Hb
cepana, auabeT, CMHOPOM pa3ApaskeHHOTO KU-
IIEeYHVKA, OSKMPEHME U TTPOUMX.

Kpome Toro, nuieBbie BOJIOKHA CITOCOOHBI 3¢-
(beKTMBHO MCIT0/Ib30BATHCS B MSCHBIX MTPOIYKTaX
B KaueCcTBe CBSI3YIOUIMX M HAIIOJHWUTEJNeN, ua-
CTUYHO MJIU TIOJTHOCTBIO 3aMeHSsIsSI BpeJHbIe JKIPO-
Bble KOMITOHEHTBI, T€M CaMbIM YJIyUIllasl TIMTa-
TeJIbHYI0 IIeHHOCTb, pH-6anaHc, BiIaroymepskmBa-
IOIIJEe CBOMCTBA, CTAOMIIBHOCTh IMYJIbCUU, TEKY-
YecThb NPU CIBUTE, BKYCOBbIe XapaKTePUCTUKU U
IpyTHe MapaMeTphbl TOTOBbIX MPOAYKTOB. J106aB-
JIeHMe TIUIIEBbIX BOJIOKOH B MSICHBIE ITPOIYKTHI
CTIIOCOGCTBYET TOBBINIEHUIO UX 3(PPEKTUBHOCTU
MpU TIPUTOTOBJIEHUM, @ CJIe[lOBaTeIbHO, MOXKeT
0Ka3aTh IMOJIOKMUTETbHOEe BO3IeliCTBMEe Ha 9KOHO-
MMUUYECKYI0 COCTaBIISIOILYIO [8].

Taxke, arponpOMbIIIIEHHbIE OTXOAbl UTPAIOT
BaKHYIO POJib B PA3BUTUM TEXHOJIOTHIA, UCTIONb3Y-
I0IIMX NPUPOAHbIe coenyiHeHus. OHU TIpeACcTaB-
NS0T c0607t pecypc, cofepikaiuii B cebe HeOUC-
M0JIb3yeMble, HO lleHHbIe KOMITOHEHTDI, TaKye Kak
noyindeHobl, KIeTYaTKa, aHTUOKCUIAHTHI U Tep-
neHsl. Ha nmpakTuke arporpomMbllIEHHbIE OTXO/bI
YaCTO COCTOSIT M3 HECheAOOHBIX UacTeil (PPyKTOB,
BK/IIOYAasl CeMeHa, CKOPJYITy, JIelecTKM U KO-
peliku, KOTOpble MOTYT cocTaBasith oT 10 go 30
MIPOIIEHTOB 06111elt Macchl oa. Vicroab3oBaHue
3TUX MOCTYITHBIX MOOOYHBIX MPOAYKTOB B IMUIIE-
BOJi IIPOMBIIUIEHHOCTY MOKET CIIOCOGCTBOBATD
TMOSIBJIEHUIO HOBBIX MCTOUYHMKOB 0XO0/Ia U YKpeIl-
JIEHUIO HKOJIOTMYECKOIi ycToitunBocTu. IIpobiema
MOTeHLMAJIbHOTO 3arpsi3HeHMs, BbI3BAHHOTO BbI-
O6pocaMy OTXOJIOB OT IPOM3BOJACTBA OBOLIEH U
(bPYKTOB, MOKET ObITH CMSITYeHA 61arofapst UX UC-
M0JIb30BaHUIO KaK MCTOYHMKA MUIIEBbIX BOJIOKOH
M eCTeCTBEeHHBIX aHTMOKCUIAHTOB. DTO II03BOJISIET
He TOJIbKO CHU3UTD BO3/eCTBYE Ha OKPYKAIOIIYIO
Cpeny uepe3 yMeHbllleHMe Harpy3Kky Ha yTUIM3a-
I[110, HO U CIIOCOGCTBYET S9KOHOMMM PECYPCOB My-
TeM COKpalieHus 06bemMa OTXOIO0B.
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Tabmuua 1

VisMeHeHMe KaueCTBeHHbIX XapaKTePUCTUK Pa3INUYHBIX MSICHBIX IPOJAYKTOB
MO, BJIMSTHMEM Pas3/IMYHbIX T00aBOK

XapakTepuCTUKM 1Ocjie
XapakTepuCTUKU Ilepe]; BKIYe- "
IIpomoykT Bxiiouenue BKIIoueHus Ha 0-¥ JeHb
HyeM B 0 JeHb MccaeqoBaHMsI
yccaes0BaHUs
Kon6aca Koskypa rpanara (3%) Bnaxknocts - 61,89%, BnaxkHoctb -58,82%,
benok-15,85%, Benok-16,32%,
3o0/1a—-2,82%, 30/1a—-3,09%,
pH-7,12 pH-7,15
T'oBsDKbS MyKa 13 Bepxyliex 6e- BnaskHocts — 60,81%, BnaskHocTb — 63,40%,
Konbaca JIO¥1 IBETHOW KaITyCThI Kup-37,75%, JKup-28,40%,
(7,5%) KnetuaTtka—0,92% Knetuatka—3%
Frankfurter [T060YHBII MPOSYKT U3 IMotepu npu xpaHenun — 1,93% IMotepu nipu xpaHenuu — 1,36%
rpeyHeBO KpyIibl (3%) Boixon mponykunu-85,8% Boixon mponykra—85,5%
Knejikocts —18,2 Hm Knejikocts —16,9 Hm
PasxeBbiBaemocTb —12,2 Hm PasskeBbiBaeMocTs —11,5 Hm
Kotnera us CyiieHast MSIKOTb U Cce- Brnaknocts — 59,71% BnaxkHocts —55,83%
TOBSIIVIHBI MeHa ThIKBbI (5%) 3ona-2,76% 3omna-2,9%
pH-5,89 pH-5,92
WHC-75% WHC-79,8%
Yopuso us SdupHoe macno operano | Ycuiue caBura —244,35 T Vcunme coura -216,99 ¢
CBUHMHBI (0,1%) PasxeBbiBaemocTb —180,2 1/ MM Pa3keBbIBaeMOCTh —95,43 1/ MM
pH-5,34 pH-5,27
Hupekc noremHenus —97,16 HNnpekc noremHenus—103,42

Tabmuua 2

YKa3zaHmue CPOKa rogHoOCT! IIyT€EM M3MEHECHUSA MI/IK]Z)OGI/IOJIOI‘I/I‘JGCKI/IX XapaKTepUCTUK M aHTUOKCHU -
,D,aHTHOf;I CITOCOOHOCTH Pa3INYIHBIX MSICHBIX IIPOAYKTOB 11O BJIMSIHMEM Pa3/INYHBIX ,D,OGaBOK

XapakTepuCTHUKU ocie
IIpoaykT BxiaoueHue XapaKTep"ETMK" TIEPEA BromOte- BK/IIoueHud Ha (-1 1eHb
HueM Ha 0-¥i JeHb uccjiIegoBaHus
VICC/IefOBaHUS
Yopuso u3 ddupHoe Macyio ope- | AHTMOKCHUIAHTHAS CIIOCOGHOCTh AHTMOKCHUIaHTHAsI CITOCOOHOCTD
CBUHMHBI raHo (0,1%) (DPPH) -26,48% (DPPH) -27,42%
Me3soduibHble a9po6HbIe coeyHe- | Me3oduibHbie a9po6HbIe coenHe-
Hus —4,19 jor Koe/T Hus —4,19 jor koe/t
Kotnera u3 DKCTpakT yepHmnuHbIx | Ymcio TBA -0,619 Konnuectso TBA -0,390
TOBSIAVIHDI BBDKMMOK (50 T/ 500 CopepkaHue KapboHWIa B 6ejke — CornepskaHue Kap6oHWIA B 6esike —
MJT) 1,219 umonb kap6oHmna / Mr 6enka | 0,463 HMoJIb KapboHWUIa / Mr Geska
Konudopmusbie 6akrepun —3,62 jor | bakTepuu rpymibl KMIIEUHOI Ma-
Koe /T Jlouky — 3,50 jior Koe / T
KoTnera us OKCTPaKT BBDKMMOK Yucno TBA -0,619 Yucno TBA -0,355
TOBSIIMHBI exxeBuku (50 / CopmepskaHue Kap6oHuia B 6eyike — | ComepskaHue KapboHMIa B 6ejike —
500 mu) 1,219 umosnb Kap6oHmaa / Mr 6eska | 0,621 HMob Kap6oHMUIa / Mr 6eJika
Konudopmubie 6akTepun —3,62 gor | bakTepuu rpyIimnbl KUIIeYHO’ ma-
Koe /T JIouku —3,60 J10T Koe / T
T'oBSIKbS [Topomiok u3 cepauie- | 3HaueHue TBA -0,234 mr / Kr 3Hauenue TBA -0,132 mr / Kr
Konbaca BMHBI JINCTHEB O€JI0i | MPOObI TIPO6bI
LIBETHOJ KaIyCThl TVB-N -4,88 Mr / KT Tpo6bI TVB-N-5,72 MT / KT IpOGbI
(7,5%)
Konb6aca Koskypa rpanarta (3%) | TBA —0,237 mr manonoBoro cnupta | TBA —0,235 Mr MaJloHOBOTO CITUPTA
/ KT / KT
TVN-8,38 mr azota / 100 r o6pasua | TVN-8,00 mr asora / 100 r o6pasiia
KonmuecTBo aposxkeit u rimeceHn — | KoinmuecTBO ApOXCOKeN U IieceHn —
2 norapndmMmyeckux Koe /T 2,8 norkoe/r
KonmuecTtBo konmndopmHOIt ma- KonnuecTBo KombopmMHO¥ Ta-
J0uky — 1,86 morapudmmueckux JIOUKM — 2 JIOT Koe /T
Koe /T
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VccnepoBaHusl TTOKa3bIBAOT, UTO BKIIOUEHME
MIUAIIEBBIX BOJIOKOH B MSICHBbIE MPOAYKTHI CIIOCO6-
cTByeT 6ojiee 3G (PeKTUBHOI paboTe MUIEBaAPU-
TebHOM CUCTEMBI, YAYUIIaeT IIPOLecChl MUIeBa-
pPEHMS ¥ CHWDKAeT PUCK BO3HUKHOBEHUS UIIEMMU-
yecKoit 60J1e3HM ceplia, Cpeay IIPOUMX MOIOXKM-
TeabHbIX 3G deKTOB [9].

3akimoueHne

B coBpemMeHHOM MMpe IpUMeHEeHMe TUIIEBBIX
I06ABOK B MUIIEBO MTPOMBIIIJIEHHOCTY SIBJISIETCS
HEOTHhEMJIEMOJI YaCThIO MPOIlecca IIPOu3BO/ICTBA,
HaIpaBJIeHHOTO Ha Y/Iy4IlleH/e, CPOKA XpaHEeHUS U
pasHoob6pa3sus mpoaykToB. Ciieqys MOTPEOHOCTIM
M OXMIOAHUSIM TIOTpebuTeseii, CEeKTOp IMUIIEBBIX
I06aBOK CTPEMUTCS K pa3paboTKe MHHOBAIMOH-
HbIX IPOAYKTOB, obecmeunBammmux Oe3ormac-
HOCTb, BKYCOBBIE KauecTBa, [JUTEIbHBIN CPOK
XpaHeHMs ¥ QYHKIMOHATbHbIE XapaKTePUCTUKMN.

CoBpeMeHHbIe TeHIEeHIMM B IPUMEHEHUM ITHU-
IIeBbIX [100ABOK BBIPAXKAIOTCSI B YBeIMUYEHUM
CIIpoca Ha HaTypa/ibHble KOMIIOHEHThI, BasKHOCTh
KOTOPBIX [IJIsI IIOTpebuTesieit Mpomo/sKaeT pacTi.
YT0 B CBOIO OUepedb MIPUBOIUT K pa3paboTKe HO-
BBIX METOOB IIOJyUYeHMS J06ABOK 13 IIPUPOSHBIX
pPecypcoB U MCIIOJIb30BaHMIO 6MOTEXHOIOTMIA IJ1s1
MPOM3BOICTBA OoJiee GE30IMacCHbIX U SKOJIOTMYE-
CKM YMCTBIX MHTPEAVIEHTOB.

CregoBaTenbHO, COBPeMeHHbIe TeHAEHLIUU U
MepCIIeKTUBBI TPUMeHEHNS MUIEBBIX T0OABOK B
MTUIIEBOV TPOMBINIVIEHHOCTM HAIIpaBJIeHbI Ha pas-
paboOTKy MHHOBAIIMOHHBIX, 6€30MacHbIX U (YHK-
IIMOHAJBHBIX MPOAYKTOB, COOTBETCTBYIONINX M3-
MEHSIIONIVMCS TTOTPEOHOCTSIM M OKUAAHUSIM CO-
BPEeMEHHOTI0 OTpe6uTeIs.
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CURRENT TRENDS AND PROSPECTS
FOR THE USE OF FOOD ADDITIVES IN THE FOOD INDUSTRY

Abstract. This article examines the evolution of food additives from natural ingredients to artificial additives
influenced by industrialization and profit-driven food corporations. It highlights the projected growth of the food
additive market, driven by demands for processed foods, flavor enhancement, and eco-friendly practices. The paper
categorizes additives based on their functions in improving food processing, shelf life, and nutritional value. It ad-
dresses the health risks associated with additives, including toxicity and obesity, and emphasizes the necessity of
monitoring and updating regulations. The use of dietary fibers in the meat industry for improved functionality and
waste reduction is also discussed. The article concludes with current trends focusing on natural additives and the
development of innovative, safe, and environmentally friendly additive technologies.

Keywords: food, food additives, health, products, modern technologies.
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BJIMSTHUE 3AIIMIIIEHHOCTU U ITPOBEJEHUA MEPOITPUSTUN
MACKHNPOBKU ABTOMOBWJIbBHBIX CPEJCTB 3AIIPABKU U
TPAHCIIOPTPOBAHVS I'OPIOYET'O B XO/IE BBITIOJIHEHHUSA Cb3

AHnHomauusa. ObecneueHue 80ICK 20pH0UUM U CMA30YHBIMU MAMepUANamu Npu 8sINOJHeHUU CYxebHo-00e-
8blX 3adau npedcmasisem coboll KoMniaekc meponpusmuii no onpedeieHuro Heo6xodumoli nompebHocmMu 8 20-
proue-cMasouHsix mamepuanax 01 KauecmseHHo20 U C80e8peEMEHH020 obecheueHus: eedeHus 60esbix deticmeuli
WU 8bINOJIHEHUS CTyHeOHO-00e8bix 3a0au, CO30anur u N0d0epIaAHUI0 8 80TICKAX YCIMAHOBJIEHHBIX 3ANACO8 20PH0-
uezo U CMA30UHBIX MAMEPUANOs, UX SUeIOHUPO8aHUe, obecneyeHue C80e8pemMeHH020 N00803d 80LICKAM 20PIOU€eZo,
3anpasku MexHukKu, 06ecneueHur0 CoOXpaHHoCmu 20pYe-CMAa30uHbIX MAmMepuanosg 8 npouyecce ux MpaHcnopmu-
POBAHUA U XpaHeHUsl, 0becheueHue oxpaHol, 000POHBI U MACKUPOBKU, d MAKXce NPABUIbHOL opzaHu3ayueli u 2pa-
MOMHOMY yRpaABAEHUI0 8CeMU YKA3AHHbIMU MEPONPUSMUSIMLUL

Knroueenle cnosa: zoprouue u cmazouvie mamepuaist (FCM), cnyxce6Ho-60esbie 3adauu (CB3).

Beedenue

IIpoBemeHMe MepOIPUSITUIL 10 CBOEBpPEMEH-
HOJ OCTaBKY TOPIOYEro ¥ APYTUX CMa30UHbIX Ma-
TepHaIoB [Jis MOApasHe/eH Nl B X0/1e BbIIOIHE-
HUSI UMY CJTy3KeOHO-60eBbIX 3a7a4 (60eBbIX 3a7aY)
06yc1aBIMBaeTCs BaKHOCThIO TaHHOTO MepOIIpH-
STUS. B COBpeMeHHBIX peausX, C yYeTOM IIpuMe-
HEeHMsI HOBBIX CIIOCOOOB ITOPaskeHMsT KaK SKMUBO
CHUJTbI, TAK ¥ CPEACTB TPAHCIIOPTMPOBAHUS TOPIO-
Yero, CTAHOBSITCSI AKTya/llbHbI MEPOIPUSATHS II0

OpraHmsaly MacKMPOBKMU, 3TO U IOKaA3aJ0 CIie-
LMajgbHas BOEHHAasl ollepalyus Ha TeppUTOpuun
VYKpauHbL.

B xome mpoBemEHHOrO aHanAM3a MCIOIb30Ba-
HUSI TOIUIMBO3AIIPAaBOYHON TEXHUKM B OOEBBIX
YCIOBUSX TIOKa3ajaa UX He3allUIIEeHHOCThb Iepen,
apTWUIEpUIICKUMIU yAapaMy, HaJeTOM TpYIoi
(poem) 6GeCMIOTHBIX JIeTATeNbHBIX allllapaToB,
BCe 3TU IEeMCTBUS OKa3aau ySI3BUMOCTb JaHHOTO
BUJA TeXHUKU. B cBSI3M € 3TM mepen aBTOpaMu
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BCTaJl BONPOC O TIOBBIMIEHUM (COXPAHHOCTH)
TPaHCIIOPTHBIX CPEACTB [OCTaBKM TOPIOYETO B
YCJIOBUSIX OOEBBIX JEICTBUIA.

PaccMoTpuM OCHOBHBIE MMPUHIIUIIBI Y METO/IbI
MAacCKMPOBKY TOIUIMBO3AIPABIIVKOB B CIIy:KeOHO-
60eBbIX (60EBBIX) YCIOBUSIX, @ UMEHHO:

3HaueHue MackuposKku 8 60esvlX YCN08USIX

Bo BpeMst BeeHust 60€BbIX IECTBUIT aBTOMO-
OWJIbHBIE CpeJCTBA MOABO3a rOPIOYEro (TOTIMBO-
3aIpaBUIMKY) SIBJISIIOTCS] OHOM U3 HanuboJee meH-
HbIX U JIETKO YA3BUMbIX ueneﬁ OJisd IIDOTUMBHMKA.
Onu obecrnieunBaior BBCT mompasmeneHunii Bcem
HQOGXO,EU/IMI)IMI/I BUaaMM TOIUIMBaA M APYTUMMU CIie-
IMATbHBIMU KUIKOCTSIMU, UTO SIBJSIETCSI KPUTU-
YyeCKM BaKHbIM MEpPOIMPUATUEM [IJi YCIIeIIHOTOo
BBITTOJTHEHMS 3a1a4 JII060i onepauun. Meporpu-
SITUST TI0 MAaCKMPOBKe TOTLIMBO3apaBIIMKOB I03-
BOJISIIOT COKPAaTUTh BO3MOXKHOCTb UX OOHapysKe-
HUSI, OTCIEXXMBAHMS ¥ 06€CIIeUMBAET COXPAHHOCTD
OT HaHeCeHMs MPOTUBHMKOM aTak B XOjie Iepe-
IBVDKEHUSI.

Memod mackupoeku 6 60e8blx YC108USX

PaccMOTpUM OAMH U3 CaMbIX YaCTO MCIIOb3Y-
€MbIX MEeTOJO0B MaCKMPOBKM TOILJIMBO3AIpaBIIIy-
KOB — 9TO «KaMyQuisoK». KaMmyQuistk sIBsteTcst of1-
HUM U3 TJIaBHBIM METOJIOM OCYIIeCTBIeHUS Mac-
KMPOBKM ¥ BKJIIOUAET B CeOS MCIO/Ib30BaHMe KakK
CTIIelIMaJbHBIX MAaCKMPOBOUHBIX CeTeli, TEHTOB,
Ope3eHTOB ¥ MOJPYYHBIX MAaTEPUAIOB B YCIIOBUSIX
TOIl MecTHOCTM (BETKM, OpeBHAa), Ha KOTOPOit
HaXOJISITCS TPAHCIIOPTHBIE Cpe/icTBa. 3agada Mac-
KMPOBKU «KaMy(JIsDK» OCYIIeCTBIEHUE CKPBITUS
TPaHCIIOPTHOTO CPeACTBa B COOTBETCTBUM C OKPY-
KaloIleil MeCTHOCThIO M obecreyeHMe MaKCu-
MaJbHOTO CJIVISTHUSI C HeA.

Memod umumauuu

ViMutanus mpennojaraeTr coboii cosmaHue
JIO)KHBIX MECT HaxOXAeHMs TOIIMBO3aIpaBlinKa
U Opyrue o6beKThl CIy:k661 'CM, TeM caMbIM BBe-
CTU B 3a0y>KIeHue IPOTUBHMKA. [IJIST OCYIIeCTB-
JIeHUSI TaHHOTO MepOIpPUSTUS HeOoOXOOMMO MUC-
MOJIb30BaTh MAaKeThl, HAAYBHbIe OOBEKTHI WIU
IpyTye CpencTBa, KOTOpble CO3[IamyT OOMaHYM-
BYIO KapTHUHY [JIS IPOTUBHUKA.

Memod UCNob308aHus
UHppacmpykmypol

Oxpyskaromast MHGPACTPYKTypa MOAXOAUT IS
OCYIIEeCTBAeHUS] MePOIPUSITUI L MaCKUPOBKU, 3TO
MO>XKeT BKJII0UaTh UCIIOIb30BaHe BCEBO3MOXKHBIX
XPaHWINII, O6BEKThI MPOMBIIIIEHHOV 6a3bl, ra-
paxku, ctadiuyu TO [ CKPBITUS WU 3aTpyaHe-
HUSI OOHAPYKEHMS TOILIMBO3AIPaBIIVKOB U 00b-
eKTOB cJIysk0bl 'CM, HO He CTOUT IpeHebOperaTh
MEpOTIPUSITUSIMM 110 MACKMPOBKM U CaAMUX

okpyxcaioujeti

06beKTOB, [ jyuiieit 3hGeKTUBHOCTY HEe06X0-
IVMO TPOBOOUTH MepOINpPUSITUSI MACKUPOBKU B
KOMILJIEKCe.

Memoo a1eKmpoHHOLI MACKUPOBKU

IlaHHbBIV MeTOM, BeCbMa aKTyaJieH B HbIHeIlIHee
BpeMsI BBUJLY TOTO, UTO COBpEMEHHOE BeJieHue 60-
eBbIX AeCTBUI OCYILECTBSIETCS C IIpUMeHeHeM
6eCIMIOTHBIX JIeTATeIbHbIX anmapaToB. JTO MO-
>KeT BK/II0YaTh IPMMeHeHe CUCTeM ITPOTUBO el -
CTBUSI GECIMIIOTHBIM JIeTaTeAbHBIM arraparam,
CUCTEMBI PaJili03JIEKTPOHHOI 60pbOBI C IIPUMEHe-
Hue cucteMm I[1BO, KOTOpbIe MTO3BOJISIT OOHAPYKM-
BaThb U MOAABJSITh Bpaskeckue BITJIA 3am0/ro 10 ux
NpUMeHeHus (aTak).

Bce BbIlIenepeuncieHHble METObI OCYIIECTB-
JIeHUsI MAacKMPOBOK CYIECTBEHHO CKa3bIBAIOTCS
Ha o0ecreyeHUM SKMUBYYECTH aBTOMOOMIIBHBIX
CpencTB 3ampaBky (TOIUIMBO3AIIPaBUIMKOB), TEM
CaMbIM BEPOSTHOCTH obecrieueHus Mojpasmese-
HUI TOPIOYUM U IPYTUMU CHIeIIUTIbHBIMU XUTKO-
CTSIMM TTOBbILIAETCS.

3aknioueHue

B Martepuanax cTaTby ObLIM MPUBEIEHbBI OTHU
13 HauboJIee YacTo UCIIOJIb3YeMbIX CTIOCO60B Mac-
KUPOBKMU.

Ba’kHO OTMETUTh, UTO MaCKMPOBKA TOIIMBO3a-
MPaBUIMKOB B CIYKeOHO-60eBbIX (60EBBIX) YCIIO-
BUSIX UTPAET [VIaBHOE 3HaueHMe Mo 06ecreueHnIo
6e30IMacHOCTY ¥ COXPAaHHOCTM TOTIUIMBO3aIpaB-
IIMKOB U 06beKTOB Cay>k6b [CM, a TakKe MO3BO-
JISIeT YCIIEIIHO BBIMOHATh 3aauM 10 obecreye-
Huw 'CM.
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THE IMPACT OF SECURITY AND MASKING MEASURES
FOR VEHICLES REFUELING AND TRANSPORTING FUEL DURING
THE IMPLEMENTATION OF THE SBZ

Abstract. Providing troops with fuel and lubricants when performing service and combat tasks is a set of
measures to determine the necessary need for fuel and lubricants for high-quality and timely provision of combat
operations or performance of service and combat tasks, the creation and maintenance of established reserves of fuel
and lubricants in the troops, their separation, ensuring timely supply of fuel to the troops, refueling equipment,
ensuring the safety of fuels and lubricants during their transportation and storage, ensuring security, defense and

camouflage, as well as proper organization and competent management of all these activities.

Keywords: fuels and lubricants, service and combat tasks.
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CIIOCOBBI ITOJIOTPEBA TOIVIMBHOTI'O BAKA JIV3EJIbHBIX ABTOMOBUJIEN

AHHOmauus. B danHoili cmampe paccmampueaomcst pasiuuHslie cnocobsl nodozpesa monaugHozo 6aka ou-
3e/1bH020 asmomoouns. Onuceiearomes makue memodst, Kax anekmpuueckuli nodozpesamens, nodozpesamen
MONJIUBH020 (pusvimpa, nodozpesamens MONaUBONPOB00A U OONOJHUMENbHbIL nodozpesamens. O0BsCHIEMCA,
KaK Kaxcoblli u3 3mux cnoco6oe obecheutisaem HadexcHolli N0002pes Monausa u npedomepatyaem e20 3acmoléaHue
8 X0J7100Hble nepuodsl. Taxxie ommeuaemcs 8axcHoCmMy NoAdepHcaHus pabomocnocooGHOCMuU cucmemsl nodozpesa
MonJiueH020 6aka ons aggexmuesHoli pabomsl 0u3enbHo20 d8uzamerns.

Knroueewie cnosa: nodozpes, monnusHslli 6ax, deuzamesib, Kauecmeo moniusa.

Beedenue

ITpo6ieMa 3amycka AM3eIbHBIX aBTOMOOMIIEN
MOXXeT ObITh CBSI3aHA C HU3KMMM TEMIIepaTyp-
HBIMM PEXMMAaMMU, B CBSI3Y C STUM BHYTPU AU3€/Ib-
HOTO JBUTATEJST KPUCTAUIM3YeTcsl mapadbuH, OT
3TOTO AU3eIbHOE TOIUIMBO IIPeBpallaeTcs B JKeJle-
06pasHyI0 JXMUIKOCTh, TIOC/IE YETO BHYTPU JIBUTA-
TeJIsT POUCXOIUT 3aKyrmopKa (OPCYHOK, YMEHb-
Iamomasi Ux MPOITYCKHYIO CITOCOGHOCTh, TEM Ca-
MbIM KOJIMYECTBO MTOCTYIIAIOIETO TOIUIMBA B ABU-
raTejib CTAaHOBUTBLCSI MeHbIEe. B COOTBETCTBUM
MOIIIHOCTh JBUTATE/SI TTOHMKAETCSI, ¥ OH Iepe-
cTaeT paborath (rmoxHerT). Tak ke He MaJOBaXK-
HYI0O POJIb B 3aITyCKe IOBUTATeNs IMPU YCIOBUSX
HU3KUX TEeMITepaTyp UTPAET ¥ CaMO KauyeCTBO TOII-
JIMBA, OHO KaK ITOKa3bIBAeT IPAKTMUKA JAJEKO OT
UIeaNbHOTO.

Iist 60J1ee GBICTPOrO 3aITycka aBTOMOOMIIS Kak
MPaBWIO TPUMEHSIOT BCEBO3MOKHBIE ITPUCAIKA

«OBICTPBIN 3aITyCK», OOHAKO HAHHBINA CIOCOO He
BCerja OKa3bIBaeTCsl yIayHbIM, 60Jjiee TOro Kaue-
CTBO CaMMX IPUCAJOK MOKET OKa3aTbCs BeChbMa
COMHUTETbHBIMM U T€M CaMbIM MOTYT HaHeCTU
elle 60Jblie Bpeaa JBUTraTeio.

TemriepaTypHble XapaKTepPUCTUKU 3aMep3aHMsT
IM3eJIbHOrO TOIMBa ornpeaenedsl TOCToM - 305-
82, B KOTOPOM OTIpefe/ieHbl IpeAe/ibHble TeMIIe-
paTyphbl:

— TemmepaTypa 3aCTbhIBAaHUSI [U3€JIbHOTO
TOIUIMBA, TIpeJHa3HAaUeHHOTO /ISl 3MMHUX YCJIO-
BUIi B MECTHOCTSIX C YMEPEeHHBIM KJIMMaTOM — He
6oiiee —-35°C;

—  TemIepaTypa HOMYTHEHMS aHaJIOTMYHOTO
ToIUIMBA — He 60s1ee —25°C.

B cBsI3M ¢ 3TUM IIpeaiaraloTcs METOIbI 110 00-
JIeTUYEHUIO ITyCKa AM3e/IbHOTO JBUTATeIs TIPU HU3-
KuX TeMreparypax. PaccMoTpum uX 1Mo mompo6-
Hee:
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ITogorpesarenu
TOIUTMBHOTO (pUIIBTpa
DIIEKTPUYECKUI IToporpesarens
Mo/I0rpeBaTeb TOTLTUBOIIPOBOJIA
JlononHuTENBHBIN
Mo/I0rpeBaTelb
Puc.

Anekmpuueckuii nodozpesamenv: TIOH, COOOI
nojpasymeBaeT  yCTAaHOBKY  3J€KTPUYECKOTO
HarpeBaTeJbHOTO 3JIeMeHTa BHYTPU TOIUIMBHOTO
6aka. Takoit momorpeBarejib paboTaeT OT 3JIEK-
TPUUECKOI CUCTEMBI aBTOMOOUIST ¥ MOXKET ObITh
yIpaBJisieM C MOMOILbIO CIIelMalbHOTO MePEKITIO-
yaTtesnst B cajoHe. OH obecreunBaeT HelpepbIB-
HbI/i TOJOTpPeB TOIUIMBA B TOIUIMBHOM 6ake,
MpeoTBpalias ero 3acTbiBaHue B XOJIOAHbIE TIe-
puoabl. DIeKTPUUYECKUiA IIoAorpeBaTesb BKIKOYa-
eTCs IIpU MOMOIUM BOOUTENS] UCKIIUUTENBHO U3
CajJI0Ha aBTOMOOWIISI, TIPU CPAaBHUTEJIBHO HE 60JTb-
0¥ TMoJauyM 3JIEKTPUYeCcKOoro Toka ot 15-150 Bt
oT 12 B (25-275 BT ot 24 B) 3¢0peKTUBHOCTD €ro
MpMMeHeHMs 3HauuTebHa U CIIOCOOCTBYeT pa3o-
TpeBy ABUTATENS B TEUEHUU 5-7 MUHYT, Jaske Ipu
TeMIlepaType Bo3ayxa Huxe — 40 C.

IModozpesamenu mMonaueHoz0 (Guibmpa: 3TOT
TUII TIOioTpeBaTesieli ycTaHABIMBAETCS Ha TOII-
JMBHOM (uibTpe U obecrieuuBaeT HarpeB TOII-
JIuBa mepeJ ero rnojgavei B gpuraresb. Takoii 1o-
JIorpeBaTesib IOMOraeT MpeJoTBPaTUTh 3amMep3a-
Hue ToIuBa B puiabTpe u obecreunBaeT Oojee
b dexTuBHYI0 paboTy ABUTATENSI B XOJIOMHBIE
IHU. JITaHHBIN CITOCO6 MO3BOJSIET YBEAUUNUTD BSI3-
KOCTb JIU3€JIbHOTO TOILIMBA U OGJIETUYUTD MPOLIECC
3amycka aBuratesist. OHy ClTOCOOHBI OCYIIECTBIIATh
MTO/IOTPEB B IBYX (PYHKIMSX: IPEITyCKOBO ITOMI0-
rpeB ¥ MapIlieBbIli MIOAOTPEB).

Iodozpesamens monnusonposoda: 3TOT CIIOCOO
NofpasymMeBaeT MCIOJb30BaHME CIELMaJbHOro
MojorpeBaresisi, KOTOPbIii yCTaHAaBIAMBAETCS Ha
TOIUTMBOIIPOBOJIE MEXAY TOIUIMBHBIM 6akomM U
nBurarenem. IlogorpeBaTesb HarpeBaeT TOILIMBO
0 MyTH OT 6aKa K IBUTATEJIIO, TPeIOTBPAIast ero
3acTbIBaHME U 06ecreunBasi HOPMaJIbHYIO MO1auy
TOIUIMBA B ABUTaTeNb. [logorpeBarenn TOIIUBO-
MPOBOJIOB IIPECTABJSIOT CO60M CIeLaabHbIiA
OTpe30K IIOAOTpeBaeMoOi TOIUIMBHOM  Maru-
CTpajy, yCTaHABIMBAEMbII B pa3pe3 IITATHOTO
TOIUIMBOTIpOBOAA. I[lepesd 3amyckoM [JIBUTATess
MOI0rpeBaTesb BKIIOYAETCS Ha 3—5 MUHYT U OCy-
IIeCTBJISET pa3orpeB AM3eJbHOTO TOIIMBA. IIpu
3allycke  ABuUTaTeNsl  IOAOTpeToe  TOILIMBO

MTOCTYIIAeT B GUILTP, PACTBOPSIS B HEM KPUCTAJLIBI
nmapaduHbl, 1 obecrevyrBaeT HOPMaJTIbHBIN 3aITyCK
IBUTaTess.

JononHumenvHslii  nodozpesamenb:  TaHHbINA
crioco6 IMmoAorpeBa TOIIMBHOIO 6aka OCHOBAaH Ha
MCIIOJIb30BaHMUM [OIOJHUTEILHOIO ITOAOTpeBa-
TeJIsI, KOTOPbII i MOKET ObITh YCTAHOBJIEH B aBTO-
mob6uie. Takoil romorpeBate/ib MOXeT paboTaTh
Ha pas/JMUYHBIX MCTOUHMKAX SHEPIUM, TAaKUX Kak
37IeKTPUYECTBO WM TOIIMBO, ¥ 06ecIieunBaeT Io-
IOrpeB TOIIMBA B TOIUIMBHOM 6ake.

OTMeuaeTcst, UTO IIPMMEHEeHMe IOoHorpeBaTe-
Jieit, 6JarONPUITHO CKa3bIBAETCS Ha pecypce Ou-
3eJIbHOTO IBUTaTeIsI aBTOMOGMIISI, TEM CaMbIM 3TO
MTO3BOJIUT YBEJIMUYUTb €ro Pecypc A0 OYepeaHOTO
TJIAHOBOTO PEMOHTAa, COOTBETCTBEHHO COKPATUT
BO3MOKHbIE (DMHAHCOBBIE BJIOKEHMSI.

3axntoueHue

BaskHO OTMeTUTb, UTO BbIOOpP crocoba Iomo-
rpeBa TOIUIMBHOIO 6aKa 3aBMCUT OT KJIMMaTHye-
CKMX YCJIOBUIA, B KOTOPBIX SKCILIyaTUPYeTCs aBTO-
MOGUIIb, a TAK)Ke OT MHAUBUIAYATbHBIX 0COOEHHO-
CTei KaXmoro aBToMoomst (Kaskaoi mapku). He-
KOTOpbIe aBTOMOOM/IM YK€ MMEIOT BCTPOEHHbIE
CUCTEMbI ITIOJOTPEBa TOIIMBHOTO 6aKa, B TO BpeMs
Kak JIJIsI APYTUX aBTOMOGMIei ITOg06HbIE CHCTEMBI
MOTYT GBITh YCTAHOBJIEHBI TOTIOTHUTEIBHO.

BaskHO Tak:ke IOMHUTD, UTO IIOJOTPEB TOIIVB-
HOro 6aka HeoOXOAMM He TOJIbKO IJIs IpeIoTBpa-
IIEHNSI €r0 3aCThIBAHMS, HO M JIJIsI OOecIeueHus
6osee 3(deKTUBHOI pPabOThl IBUTATENS, OCO-
O0eHHO B XOJIOJIHbIE TTepuobl. [I03TOMY perysp-
HOe 00CTY>KMBaHMe U MpoBepKa paboTOCIIOCOOHO-
CTU CUCTEMBbI IOJOrPeBa TOIUIMBHOTO 6aka SIBJISI-
I0TCA Ba)XHBIMU aCII€KTaMM Iogaep>KaHua HadexX-
HOIt pabOoThI AM3€IBHOTO aBTOMOOMIIS.
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METHODS OF HEATING THE FUEL TANK OF DIESEL CARS

Abstract. This article discusses various ways to heat the fuel tank of a diesel car. Methods such as electric

heater, fuel filter heaters, fuel line heater and additional heater are described. It explains how each of these methods
ensures reliable heating of the fuel and prevents it from solidifying during cold periods. It is also noted the
importance of maintaining the operability of the fuel tank heating system for the efficient operation of the diesel

engine.

Keywords: heating, fuel tank, engine, fuel quality.
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COBPEMEHHBIE CPECTBA N3MEPEHUSA 1 KOHTPOJISAA
ITAPAMETPOB TOIIVIUBA B PEBEPBYAPAX

AnHomauyusa. CospeMenHble Cpedcmea UsMepeHuss napamempos moniued 8 pe3epeyapax uzparm axcHyr
ponb 8 obecneueHuu MOYHOCMU U HAOEHHOCMU Yuema monausa, KOHmMpoJis U e20 YyposHs Kauecmed. B 0aHHoli
cmamove  paccMompum OCHOBHble cpedcmed U3MepeHuss napamempos monausd 6 pesepsyapax u Uux

npeumyuiecmaa.

Kntouessie cnoea: usmepumeJibHble cpeacmea, pe3epsyapel.

Beedenue

Omuum wm3 Hambojee paclIpoCTpaHEHHbIX
CPeNCTB M3MepeHMs IMapaMeTpOB TOIUIMBA SIBJISI-
IOTCSI YPOBHEMEDPBI. YPOBHEMEpHI MPEICTABIISIOT
co6oJi yCcTpoiicTBa, ITpelHA3HAUEHHbIE JIJIT U3Me-
peHus ypOBHS TOILIMBA B pe3epByape.

CylIecTBYIOT pas3jnMyHble TUIIBI YPOBHEMEDOB,
BKJTIOUAsl MOTJIaBKOBBIE, palapHbIe, YIbTPa3BYKO-
Bble ¥ eMKOCTHbIe. KaXXIbIit U3 HUX MMeEeT CBOU
0COGEHHOCTH U IPEMMYIIECTBA.

PaccmoTpum BbIIIETIepeUNC/IeHHbIE
YPOBHEMEPHI 10 MOJIpooHEee

ITonnaskosvie YpOBHEMEDPHI SIBJISIIOTCSI OJHUM
M3 CaMbIX IMPOCTBIX U HAJIESKHBIX CPEACTB U3Mepe-
HMSI YPOBHS TOIIMBa. OHM OCHOBaHbI Ha MCIIOJIb-
30BaHMM IIOIIaBKa, KOTOPbBINi ITOMHMMAETCS WU
OTIyCKaeTCsl BMeCTe C M3MeHEeHMeM YpPOBHS TOII-
suBa. [ToraBKOBbIe YPOBHEMEPDI 06€CIIeUNBaIOT
BBICOKYIO TOYHOCTb M3MEpPEHUI M MOTYT OBITh MC-
IT0JIb30BaHbI B Pa3/IMUHbIX TUIIAX Pe3ePBYapOB.

PadapHvie ypoBHEMEPBHI SIBJISIIOTCS COBpEMEH-
HbIMM ¥ HauboJiee TOUHBIMY CPeICTBaMMU U3Mepe-
HMs TorvBa. OHU UCIOJIb3YIOT pafapHble BOTHBI
IS OTIpefiesieHMsI YPOBHSI TOIUIMBA B pe3epByape.
PagapHble ypoBHEMEpPHI 06/1aJal0T BBICOKOI CTa-
OMIIBHOCTBIO ¥ TOUHOCTHIO M3MEpPEeHMH, a TaKKe
CIIOCOGHOCTBIO paboTaTh B IIMPOKOM IMaria30He
TeMIlepaTyp M CYpPOBBIX KAMMAaTUYECKUX YCIIO-
BUSIX.

Yaempa3seykoevie ypoBHEeMephbl TaK >Xe Kak U
npeApIAyllie CTaau IUMPOKO MCIO0JIb30BAThCS B
M3MepeHuu YPOBHS TOIIMBA B pe3epByapax. OHU
paboTaT MO MIPUHLMITY U3JTyYeHMS YIbTPa3BYKO-
BBIX BOJIH, KOTOPbIE OTPAKAIOTCS OT IMTOBEPXHOCTHU
TOIUIMBA U TIO3BOJISIOT OMpeNeanTh ero YPOBEeHb.
VabTpa3sByKOBbIe YpOBHEMEpPBI 06JIaalOT BBICO-
KOJ TOYHOCTBHIO U CLIOCOOHOCTBIO paboTaTh B yCJIO-
BUSIX BBICOKMX TEMIIEPATYP U arpeCCUBHBIX Cpef,.

EmKocmHble YypOBHEMEPBI ITPEACTABIISIIOT COOO0TA
CUCTEeMbl, OCHOBAaHHOE Ha U3MepeHUY U3MeHeHUs



AKTYyaJbHbIe UCCIeJOBAaHUS ¢ 2023. N251 (181)

v ITnineBast IPOMBIIIIEHHOCTD | 81

€MKOCTM pe3epByapa MpU MU3MEHEeHUU YPOBHS
ToruBa. OHM 06€eCIIeunBaIOT TOUHbIE M3MEPEHMS
Y MOTYT OBITh MCITOJTb30BAHbI B PA3IMYHBIX TUITAX
pe3epByapoB. EMKOCTHbIE YpOBHEMEPHI YaCTO UC-
MOJIb3YIOTCSI B KOMMEpUeCKUX LeJasX OJs ydeTa
TOIUIMBA.

Kpome ypoBHEMEPOB, CYIIECTBYIOT TAKXKe APY-
rve cpefCcTBa M3MepeHUs ITapaMeTpPOB TOTJIMBA B
pesepByapax. Hampumep, cpenctBa M3MepeHMS
IUVIOTHOCTU U TeMIepaTypbl TOIUIMBA MMO3BOJSIO-
1I/ie KOHTPOJIMPOBATh €r0 KaueCTBO U OIpeesaTh
00beMbBI TIPU CTAaHAAPTHBIX YCUIOBUSX. Takxke mc-
TMOJIb3YIOTCSI CUCTEeMbI MOHUTOPMHTA U aBTOMAaTU -
3alMM, KOTOPbIe TTO3BOJISIT OCYIECTBIISITh YAAMeH-
HbII KOHTPOJIb U yIIpaBjeHMe MapaMeTpaMy TOM-
JIUBa B pe3epByapax. JTU CpeJicTBa IpeaHa3Ha-
YeHbI JIJIT OOHAPYKeHUSI U IIPeqoTBpaIlleHNs yTe-
YyeKk TOIUIMBA U3 pe3epByapoB. OHU MOTYT BKIIIO-
YyaTh B Ce6SI CUCTEMBI TETEKIUM YTeUEK, CUCTEMBI
aBapuitHOM CUTHA/IM3ALIUN.

CucTeMbl IeTeKLMU yTedyek MpeiCTaBIsII0T CO-
60i1 crienyaabHble JaTYMKY, KOTOPbIE MOHUTOPSIT
YPOBeHb TOIUIMBA B pe3epByape U 06HAPYKMBAIOT
JII00bIe M3MEHEeHMs, CBUIETE/bCTBYIONIME O BO3-
MOXXHOV yTeuke. Korma maTuuMk OOGHApyKUBaeT
yTeuKy, OH OTIIPaBJisieT CUTHA/I Ha IeHTPaJbHYIO
CUCTEMY KOHTPOJISl, UTO MMO3BOJISIET OMEpPaTUBHO
MIPUHSITH MEPBI 10 YCTPAHEHWIO ITPOOIIEMBI.

3aknioueHue

B 3akioueHuM CTaThM BaXHO OTMETUTb, UTO
COBpeMeHHbIe Cpe/iCTBa U3MepeHUs MapameTpoB
TOIUIMBA B pe3epByapax 4acTo paboTalT B KOM-
TIJIeKCe IPYT C IPYTOM, 06eCcIieunBast MOTHbIN KOH-
TPOJIb ¥ yUeTa TOIUIMBA. JlaHHbIi CMMOMO3 ITO3BO-
JIUT OCYHIEeCTBJSATh KOHTPOJIb 3araca TOIUIMBa

(crielMaIbHBIX XXUAKOCTEN) B pealbHOM BpeMeHU
C yYE€TOM U3MEHSIIOMNXCsT (haKTOPOB, CBSI3aHHbIE C
YTEUKOI MJIM aBapUITHBIMU CUTYaLIUSIMUA.
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MODERN MEANS OF MEASURING
AND CONTROLLING FUEL PARAMETERS IN TANKS

Abstract. Modern means of measuring fuel parameters in tanks play an important role in ensuring the accuracy
and reliability of fuel accounting, control and its quality level. In this article, we will consider the main means of
measuring fuel parameters in tanks and their advantages.

Keywords: measuring instruments, reservoirs.
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ITPOTHO3VIPOBAHME BbIXOJA 13 CTPOSA ABTOMOBUJIbHBIX CPEICTB
3AITPABKU U TPAHCITOPTUPOBAHUS T'OPIOYET'O 13 CTPOA
B XO/JIE BBITTIO/JIHEHUS C/IY>KEBHO-BOEBBIX 3ATAY

AHHomauus. B mamepuanax cmamou nopsi00x npozHo3Up0o8aHUst 8b1X00a U3 CMPOst A8MOMOOUNBHBIX Cpedcm8
3anpasku u MpaxHcnopmuposaHusl 2opiouezo 8 xode 8bINOJIHEHUS cneyudnsHbix 6oesbix 3adau. IToopasdeneHus
20pioUez0 U CMA30UHBIX MAMEPUAno8 Uzpawnim 0cobyio U Oaxe BaxHYH poib 68 obecheueHue 20pHUUM U
CMA30UHBIMU MAMEPUANAMU 8 80LICK (N0OpazdeneHuli). Imo 1612emcst 00HUM U3 8ANCHBIX ACNEKN08 NOOOePHCAHUS
Goesbix 80Lick (nodpasdesieHull) 8 NOCMOSHHOL 60esoli 20mosHOCMU, 8edb Ge3 20pHUez0 CJIONCHO 8eCU KaKue-
JIU60 HacmynamenvHble 160 000poHUmMenbHble deticmeus. ObecneueHus 20PIUUM U CMA304YHBIMU MAMEPUANAMU
Mo yenslli KOMNIEKC Meponpusimuti, Komopslli ékaouaem 8 ce0s KAK 3aKynku U NOCMasKu, xpaveHue u
o0cnyxueanue, a camoe 8axcHoe 3mMo 0ocmaska 00 KOHeUH020 nompeodumess, m.e. Ha nepedos8yl, HANPAMYH
noopasoeneHusM.

Kntoueswie cnoea: zoptouue u cmaszoutsie mamepuaist (I'CM), olicka HayuoHanwsHoli zeapduu (BHT).

Beedenue

IIporuo3supoBaHue BbIXOAA U3 CTPOS aBTOMO-
OMIbHBIX CPENCTB 3alpaBKMU U TPAHCIIOPTUPOBA-
HISI TOPIOYEro B XOJIe BBIIIOJHEeHMS CTyske6HO0-00-
eBbIX 3a/la4 BOJCKaMM HAaI[MOHAJIbHOM TBapauUM
SABIAETCA Ba>XHBIM aCII€KTOM HHaHV[pOBaHI/IH n
MO iepsKaHMsI OIepaTUBHOCTH CUJI M CpencTB. B
JaHHOI CTaTbe Mbl PACCMOTPUM OCHOBHBIE (haK-
TOPBI, BAUSIOLIME HA BBIXO, U3 CTPOSI TAKMUX aBTO-
MOGMIbHBIX CPEICTB, a TAK)KE METOIbI U MOAXO0IbI
K MX IIPOTHO3YPOBAHMIO.

B coBpeMeHHBIX YC/JIOBUSIX BbIIIOJHEHME CITY-
SKeOHBIX 3a7,a4 OCTPO CTOUT BOIIPOC TOJpaszese-
HUiT obecrieueHns. BasKHOCTh TaKMUX MOApa3esie-
HMUIT KaK HUKOI/IA CKa3blBaeTCs Ha CBOeBpPeMeH-
HOM BBITTOJTHEHUM CITY>KeOHO-00€BbIX 33124 MUP-
HOrO M BOeHHOro BpemeHu. [logpasmeneHUsIM
obecrieueHNsI TOPIOYMM ¥ CMAa30YHBIM MaTepua-
JlaM OTBOJUTCS 0c06ast POJib B BBIMIOJHEHUM KaK
OTIEPaTUBHBIX, TaK U CIY)KeGHO-O00eBBIX 3adad.
I'maBHOV 3amadeii moapaspeneHuit obecrieueHust
I'CM cumnraroTcs 6ecriepe6oitHbIN TOABO3 (0becrie-
YyeHue) TMoapasfeneHuit  (BOVCK) TOIUIMBOM
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(aBTOMOGM/TbHBIM, M3€JIbHBIM, aBUAIIMOHHBIM U
T.I.), TAK U CIeLMaJbHbIMU KUIKOCTSIMU BXOASI-
Iyie B HOMEHKJIATYPY CITYsKOBI.

PaccmoTpuM OCHOBHbBIE (DaKTOpPBI, BAMSIONINE
Ha BBIXOJ, U3 CTPOSI aBTOMOOWJIbHBIX CPEJICTB 3a-
MpaBKU U TPAHCIIOPTUPOBAHUS TOPIOUErO B XO[ie
BbITNIOJIHEeHMST Meporipusituii Cb3.

OIHUM 13 IVIaBHBIX (DaKTOPOB OYHET SABJISITHCS
MacKMpOBKa aBTOMOOMIIe TPaHCIIOPTUPOBKU

| 2350H0I%

I'CM, oHU O6YAyT SIBNISITbCSI TJIABHOI I€IbI0 TIPO-
TUBHMKA, BeJlb 6€3 roprovuero BCs TeXHMUKA IpeBpa-
TUTCSL B JIETKOYSI3BMMYIO 11€/Ib, C KOTOPOIJi JIETKO
CIIpaBUTCS TIPOTUBHUK. B CBSI3YM € 3TUM 3a4acTyio
aBTOMOOMJIbHbIE TOILIMBO3AIpaBIINKM  06OpY-
IYIOT MacKMPOBOUYHOIO CETbIO, OGIIMBAIOT aBTO-
MOOWIb GpeBHAMM, HAKPLIBAIOT GPE3EHTOM IGO0
TEHTOM, TEM CaMbIM [Jiejiasi MaKCMMaJIbHO He 3a-
METHBIM IJIS1 TPOTMBHMKA (PUCYHOK).

Puc. Crioco6 MAaCKMPOBKHM TOIVIMBO3aIllpaBIIMKa

Cremytomniyii HeMaaoBaXKHbI (GaKkTOp SIBJISIETCS
MOPSIIOK TO/IBO3a TOILIMBA [0 IO pa3sfe/eHui
obecrieueHus BBITIOHSIONINE 3aJaul B OTPbIBE OT
IMyHKTa BpeMeHHOV IMCIOKalUM, CKaXkeM M0/IBO3
BO BpeMs 60s1. B maHHOM ciTyyae He0O6X0IMMO OCY-
MIECTBJISITh A03aIlpaKy TeXHUKM He B MeCcTaxX UX
60€eBOro COMPUKOCHOBEHUS, a 10 MPUHILINITY OT-
CTpessiT BBIXOAMINL B ThUI JJISI TIOA3aIIPaBKU U
CHOBA Ha ITepeoBYyI0. HeManoBaskHO, 4YTOO 3a1pa-
BOUHAsI TeXHMKA HAXOAWIaCh B MeCTax YKPbITHSI,
He3aMeTHa JJIsT IPOTUBHMKA.

CnegytomyM (HakTOpOM OYAET SBISTbCS CKO-
POCTh TIepeaBMKEeHMST aBTOMOOUIbHBIX TOIIMBO-
3aIpaBIIMKOB B paliOHbI (MeCTa) J03allpaky Tex-
HUKHA. 3[eCh CJIeAYeT OTMETUTD TOT (DAKT, YTO CO-
BpeMeHHbIe YCIOBUS BeJeHUsI 60eBbIX HeliCTBUI
KapAMHAIbHO MOMEHSIIUCD TI0 CPAaBHEHMIO C KPYII-
HOMAacCIITaOHbIMM 6GOEBBIMU CPaKeHUSIMM KakK
mpuMep: apMmusi Ha apmMuio. B cOBpeMeHHBIX

peanusax 60u UIYT MaJbIMy 60€BbIMM TPYIITIAMM C
IecSITKOM pasaMyHbIX 00paslioB TeEXHUKM. B aToM
Y 3aKJTI0YaeTCs 0COOEHHOCTh M BaXKHOCTD CIIelya-
JUCTOB Cayk6pl I'CM, mobpaTbCsl IO ITYHKTA
Ha3HaueHMs] B MaKCMMa/IbHO KpaTdaiiiiye CpoKu
M BBITIOJIHUTD MOCTAaBJIEHHYIO 3aady 110 obecre-
YyeHMI0 CBOUX noapasnenennii, [CM. Kak npasuino
BCe TepelBMKeHMST OCYILECTBISIOTCSI B HOUHOE
BpeMsI CYTOK, 3TO JaeT 6oJiee YCIEeIIHbI TPOLIEHT
BBITIOJTHEHMS TTOCTAaBAEHHbIX 3a/1ay.

Kaxk TakoBoOJt IIPOTHO3 BbIXO[A M3 CTPOSI aBTO-
MOOMIBHBIX CpencTB 3ampaBku B BHI otcyt-
CTBYET, HO MbI MOJKEM MPUOETHYTH K pacueTam MO
1 3TO OYIEeT 110 IBYM IIPUUMHAM:

— 10 TeXHUYeCKUM MOpUUYMHaAM — 3TO HacT
HaM BO3MOKHOCTb IMOHMMAaHMSI KaK Mbl CMOKEM
MX MaKCMMaJIbHO GbICTPO BOCCTAHOBUTH
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— 1o 60eBbIM IpuuMHaM (6e3BO3BpAaTHbBIE
MOTepH) — JACT IIOHMMAaHMe O KOJIMUECTBE eAVHUI]
TEXHUKU, KOTOPbIE He BEPHYTHCS B CTPOIA.

Tak ke MOTYT UIpaTh U Apyrue GakTopbl, BAU-
SIOIMe€ Ha TIPOTHO3 BBIXOJA aBTOMOOMJIBHBIX
CpeacTB obecieue st TOPIOYMM, TaKue Kak:

—  VIHTeHCUBHOCTb 3KCILTyaTal[MA: YaCTOTa U
MIPOJO/DKMATEIbHOCTD  MCIIO/Ib30BAHUSI  aBTOMO-
OMIBHBIX CPEACTB BO BpPEMs BBIITOJIHEHMS CIIy-
’KeOHO0-00€eBbIX 337a4.

—  3arpyska ¥ Ieperpyska: HeIlpaBuUbHast
3arpyska WM Teperpyska aBTOMOOWMJIbHBIX
CpeICTB MOXKET IMPUBECTM K M3HOCY U MOBPEXIL-
HUIO KTFOUEBbIX KOMIIOHEHTOB.

—  TloropHble yCIOBMSI: SKCTPEMajbHbIE I10-
rOfHbIE YC/IOBMsI (HallpMMep, BbICOKME MM HU3-
Kie TeMIIepaTypbl, CHMIbHbIE OOXKIOM MM CHEro-
Iajbl) MOTYT OKa3bIBaTh HETaTMBHOE BO3IEIICTBIE
Ha aBTOMOOMJIbHBIE CPEeACTBA U MPUBOAUTH K UX
BBIXOZY U3 CTPOS.

—  CocTosiHME IOPOT ¥ MapIIpyTOB: IIJIOXO€
COCTOSIHME IOPOT, OTCYTCTBME IOAAePKMUBAIOIIEi]
MHPPACTPYKTYPhl M HeIpaBMUIbHOE IIIaHMPOBA-
Hle MapIIPyTOB MOTYT ITOBBICUMTD PUCK BBIXOZA 13
CTPOSt aBTOMOGUIIbHBIX CPEJICTB.

—  HemnpensumeHHbie 06CTOSTEIbCTBA: aBa-
pumn, TexHudeckue c6ou u apyrue HenpeaBUIeH-
Hble 00CTOSITENbCTBA MOTYT IIPMBECTM K HeMe[I-
JIEHHOMY BBIXOOY M3 CTPOsSl aBTOMOOGMUIbHBIX
CpPeICTB.

Bce BhImernepeunciaeHHbie GakTopsl HEOGXO-
IVMO YUYUTBIBATh B LENSIX MMPEIOTBPAIIeHUs BbI-
X0/1a aBTOMOOVJIBHBIX CPEICTB JOCTABKY U3 CTPOST
10 TE€M IV MHBIM MTPUUMHAM.

Bbieéod

ITogBOAST MTOT CTaThy, MOXKHO CKa3aTh, UTO
MIPOTHO3MPOBaHME M YIIpaBeHMEe BBIXOAOM M3
CTPOSI aBTOMOOWMJIBHBIX CPEICTB 3alpaBKu U

TPAHCIIOPTUPOBAHMS TOPIOUETO SIBJIIETCS] BasKHOM
3aaueit i obecriedeHsT HEIIPEPBHIBHOCTM OITe-
panmii BOVCK HAIlMOHAJIbHOI rBapauun. dddex-
TUBHOE IVIAaHWPOBaHMeE, OOCTy>KMBaHME Y MACKU-
POBKa, a Takke ONMTMMM3AIMS MapHIpyTOB 0bec-
MeyeHus U YIIpaBIeHus], IOMOTYT MUHUMMU3UPO-
BaTh PUCKY BbIXOMA U3 CTPOSI M 06eCIIeUnTh CBOE-
BpeMEHHOe BOCCTaHOBJIeHMEe paboTOCIIOCOOHOCTH
aBTOMOOWMIBHBIX CPEICTB. Bce 3TU MepbI TO3BOJISIT
obecreunTh HEMPEPBIBHOCTh PabOThl U TOTOB-
HOCTb BOJVICK HaI[MMOHAJIbHO TBapAUM K BbITIOTHE-
HUIO CBOUX 3aa4.
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FORECASTING THE FAILURE OF VEHICLES FOR REFUELING
AND TRANSPORTING FUEL DURING THE PERFORMANCE OF SERVICE
AND COMBAT MISSIONS OF THE VNG OF THE RUSSIAN FEDERATION

Abstract. In the materials of the article, the procedure for predicting the failure of automotive refueling and
transportation of fuel during the performance of special combat missions. Fuel and lubricants units play a special
and even important role in providing fuel and lubricants to the troops (units). This is one of the important aspects
of maintaining combat troops (units) in constant combat readiness, because without fuel it is difficult to conduct
any offensive or defensive actions. Providing fuel and lubricants is a whole range of activities that includes both
procurement and supply, storage and maintenance, and most importantly, delivery to the end user, i.e. to the front
line, directly to the departments.
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SAKYBA Unbs AnekcaHapOBUY
KypcaHT, ®unman BoeHHOro yue6HO-HayIHOTO IIeHTpa BoeHHO-BO3AyLITHBIX cijT «BoeHHO-
BO3ayIIHAas akageMust uM. mpodeccopa H.E. )KykoBckoro u 10.A. 'arapuna» B r. Yensi6MHCKe,
Poccus, 1. Yensi6MHCK

MEYEPCKUM I'puropuit Muxaiiiosud
KypcaHT, ®uaman BoeHHOro yue6HO-HayqHOTO IIeHTpa BoeHHO-BO3AyLIHbIX CiJT «BoeHHO-
BO3ayIIHAas akageMust uM. mpodeccopa H.E. )KykoBckoro u 10.A. T'arapuna» B r. YensioMHCKe,
Poccus, r. Yenss6MHCK

KVYPAJKOB Anekcanzap CepreeBudu
npernopasaresib, ®unnan BoeHHOTro yue6HO-HAyYHOTO 1IeHTpa BoeHHO-BO3ayIITHBIX CijT «BOe@HHO-
BOo3aymIHas akagemMust um. mpodeccopa H.E. )Kykosckoro u 10.A. 'arapuna» B . YensionHCcke,
Poccus, 1. Yensi6MHCK

K/IIOYEBBIE ®AKTOPDBI, OKA3BbIBAIOIIVE BJIMTHUE
HA BE3OITACHOCTD ITOJIETOB ABUALINN

AHHOmMauusa. B cmamee paccmampusaiomcs Kawuessle Gakmopsl, KOmMopsie Mo2ym 1usms Ha 6e30nacHoe
8bINOJIHEHUE NOIEMO8 ABUAYUU, d AKH#Ee NPUMEPDL UX UCMOpUYECKUe KOPHLU.

Knroueenle cnosa: 6e3onacHocms noniémos, asuayusi, yeaoseueckuli pakmop, mexHuueckuii ¢pakmop, epynna
(akmopos-npuuuH, eusHue Gakmopos Ha 6€30NaAcHOCMb N0J1eM08, 20Cy0apCcmeeHHas asuayus.

Pa3BI/ITI/[e Hay4YHO-TEXHMYECKOTro Mmporpecca BCE
CuIbHee OLIYIIAeTCsl B HalllM AHU. BombLInH-
CTBO BUOB TPAHCIIOPTa IMOCTOSIHHO MOJEPHU3U-
PYIOTCSI ¥ COBepIIEHCTBYIOTCSI. OTHAKO, HECMOTPS
Ha Hay4Hble [OCTVDKEHUS U TEeXHOJOTMUYEeCKuMii
Mporpecc, B roCyJapCTBEHHOV aBMALMM VMEIOT
MecTO ObITb aBMAIMOHHBIE COOBITUS, TaKMe Kak
KaTacTpodbl, CBSI3aHHbIE C BO3LYLUIHBIMU CYAAMMU
BHe 3aBMCUMOCTH OT pPOAa aBMauuu [5].

[TpuumMHBl TAKUX aBUALIMIOHHBIX COOBITUI 00Y-
CJIOBJIEHBI OIPOMHBIM KOJMYECTBOM He3aBUCU-
MbIX OObEKTUBHBIX U CYO'beKTUBHBIX (PAKTOPOB [4,
c. 198]. K 06beKTUBHBIM YCIOBUSIM MOKHO OTHE-
CTY HeO6JaronpusiTHble IPUPOIHbIE SBJIEHUS, Ta-
K€ KaK I'PO30Basi IesITeIbHOCTb, IIKBAIVCTBIi Be-
Tep, TymaH, ObJjefeHeHMe BO3IYUIHOTO CYyIHA,
CUJIbHbBIE JIMBHEBbIE OCaJKMU, I'PAJl, MeTeb, IbLIb-
Hble 6ypu, HU3KMIT Kpait 06IauHOCTH, TYpOy/IeHT-
HOCTb BO37yXa, BbI3bIBalolnas GonTaHky. [1] He
cyieftyeT 3a6bIBATh O Pa3psiLaxX CTaTUYECKOTOo 3J1eK-
TpudecTBa B 0O0jaKaxX, CHEXHBIX 3aHOCAX Ha
B3JIETHO-IIOCaZOYHOJi 110JI0Ce, @ TaKKe CISIKOTU U
rojsiosiefe Ha Heit [3, c. 234]. Ocoboe BHMMaHME
3[leCh Takke MMeeT BepPTUKAIbHBIN COBUT BeTpa,
SIBJISTIOIIMTACST OIHO1 u3 Haubosee

BCTPEYAIONINXCS MPUUYMH aBUAILIMOHHBIX IIPOUC-
mecTBuit u kartactpod [2, c. 238].

OpHako, OCHOBHOJ MPUYMHOM, BCE Ke, CTAaHO-
BUTCS UejioBevyecKkuii aktop. Bompeku c60sM B
TeXHUKE WIM 3JeKTPOHMKEe Hambojiee BasKHBIM
(dbakTOpOM, BIMSIONIMM Ha 6€30MaCHOCTb BBIIIOJI-
HeHMSI TI0JIETOB aBMalMM, SIBJISIETCS Ue/IoBeUeCKuit
daxrop [5].

UTo KacaemMo pocaBMaliy, TO CTATUCTUUECKIE
JlaHHbIE TI0Ka3bIBAIOT, UTO BO3AYIIHBIN TPAHCIIOPT
ABJIIETCSI ONHMM M3 CaMbIX 6e30ITaCHBIX BUJIOB
TpaHcropTa. OmHAKO aBMakaTacTpodsl BCe Ke
CJIyJaloTcst, 0COOeHHO Tpu B3jeTe u mocaake. Oc-
HOBHbIEe TIpO6jIeMbl aBMamepeeToB B IpaXkaaH-
CKOJ aBMallMM — HEJOCTATOK CPeICTB Ha MOJEp-
HM3AIIMI0 CaMOJIETOB, HM3Kasl KBaJIUQpUKALMS
TepcoHasa, ycTapeBiiee 000pyIOBaHKe, ITOBeIe-
HJe HeKOTOPBIX MacCaXUPOB U MeXIyHapOIHbIN
Teppopusm [2, c. 89].

Bonpiiasg vacTh BO3AYIIHOTO (yioTa MHOTMX
CTpaH ycTapesa, 0CO6eHHO B CTpaHaX, BXOASIIUX B
CoapyxeCcTBO He3aBUCUMBIX TOCyIApCTB, IOe ca-
MOJIETBI, KyIUIeHHble Y Poccum, ObLIM Mpou3Be-
nIeHsl eme Bo BpemeHa Cosetckoro Corosa [5]. B
HacTosIee BpeMs aBuanys B Poccuu TepsieT CBOO
KOHKYPEHTOCIIOCOOHOCTh TI0  CPaBHEHMIO C
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nepmosom coBeTckoii arioxu. Panee B CCCP cyme-
CTBOBa/ia BbICOKOOPraHM30BaHHas CUCTeMa IOJ-
TOTOBKM CHELMANTUCTOB IJIsl TOCYIapCTBEHHON U
rpaxkIaHcKoi aBuanuu [5]. 3ta cucreMa QyHKIU-
OHMpOBaa 6e3ymnpevHo, He Tpebys OTIIPaBKU 3a
py6exk mjsl mepeoObydeHnsT MM OILIaThl O0yUeHUS
3a rpanuiieii. He 661710 HEOOXOAMMOCTHM 3aKYIaTh
MMIIOPTHYIO TEXHUKY U 3aBUCETH OT ITOCTABOK Ma-
TEepUaJIoB M 3aImvacTeil UM TEXHUUIECKOTo 06CITy-
KMBaHMSI M3-3a TpaHuUllbl. Bce mpousBoamaoch
BHYTpPU cTpaHsl [1]. Beuto Bce Heobxoamumoe. MHO-
CTpaHHas1 TexXHMKa, eCcau U TpuMeHsIach, B OC-
HOBHOM ObIjIa ITOJIbCKOTO MJIM YEIICKOTO ITPOM3-
BOZICTBA, HO Yallle BCErO 3TO OblIa COBETCKAS TEX-
HMKa, ITpou3BoaumMas B ctpaHax C3B (CoBeT 3Ko-
HOMMUYECKOI B3aumMoIiomouin) (4, c. 212].

[TyTs B aBMALMIO AJIS1 ThICSY COBETCKUX HOHO-
1Ieji HauMHaJICS B a9POKIyHax, KOTOPHIM He ObIIO0
MecTa IPaKTUYeCKy JII060M HaceJeHHOM IYHKTe
cBbilie 260 ThIcsSU yenoBeK. Ha camoserax Tuna
Ix-52 m SK-50 mogM HAuYMHAIM CBOW IOJETHbIN
omnbIT. HeKoTopbie OCTaBaIUCh B CIOPTUBHOM
aBMallMM ¥ BBICTYNAAM HA COPEBHOBAaHMUSIX OT
umenu JOCAA®a (Jo6poBobHOE O6IIECTBO CO-
IeiicTBUS apMuu, aBuauuu u diota) [5].

Ha mpoTsskeHMy MHOTMX JIeT OOJbINasi 4acTb
BO3YIIHOTO (JIOTa B pa3IMUHBIX CTPaHAX COXpa-
HSIeT YCTapeBIINi1 CTaTyC. ITO 0COGEHHO 3aMEeTHO
B Pa3BMBAIOIIMXCSI CTpaHaX, e BO3AyIIHbIe all-
naparhbl, 3aKylieHHble Y Poccuu, mpencTaBisiioT
TeXHUKY, NMPOMU3BeJeHHYI0 ellle MPU CyleCTBOBa-
Huu CCCP. B HacTosIIee BpeMsI aBMaL[MIOHHAS UH-
nyctpus [1] Poccun TepsieT KOHKYpeHTOCIIOCO6-
HOCTb TI0 CPaBHEHUIO C BpeMeHeM COBETCKOTO
MpaBjieHKs], Koraa ooydyeHe JIETUMKOB U ITUJIOTOB,
a TaKkKe TEeXHOJOTMYeCKUii ypOoBeHb MPOU3BOJ-
cTBa ObUIM Ha BbICIIEM YPOBHe [5].

Cucrema nonarotoBku crneuuanuctoB B CCCP
dbyHKUMOHMpOBaia 3¢ ¢GeKTUBHO, obecrneunBas
Heo6XoaMMble Kafpbl 6€3 BBICBUIKM 3a IPAHUILY U
OIJIaThl OOYYEHMSI MHOCTPAHHON BamoTOi. VIHO-
CTpaHHbIe TEXHOJIOTUMU, €CTU U UCTIOJIb30BAINCD, B
OCHOBHOM OBLTM MPOM3BeeHbl B CTPAHAX COIMA-
JIMCTUYECKOro 6JI0Ka, Takux Kak Ilosbiia 1 Yexo-
CJIOBaKUS, TIPEACTABIISISI COO0I Bapualyuyu COBET-
CKOJ TeXHUKU [2, c. 341].

PeiiTuHr aBMaLMOHHOI 6e30macHocTy 3a 2018
rog ot JACDEC (Jet Airliner Crash Data Evaluation
Center) He BKJIIOUMJI HU OJIHY POCCUIICKYIO aBUa-
KOMIIAHMIO B JIyUIlIMe ABAILIATh M0 6€3/IIacHOCTH
[5]- BOMBIMIMHCTBO B 9TOM CIIMCKe 3aHMMAIOT aBua-
komnauum CIIA, Benmukobputauuu u OAD. ITo
CBSI3aHO C KaueCTBEHHO MOATOTOBKOI MUJIOTOB B
CTpaHax, He OTIIPABJSIOIINX UX 3a PYOEK AJIsl T0-
MOJIHUTEIBHOTO  OOyueHMsI, a TaKke C

MUCTIO/Ib30BaHNEM COBPEMEHHBIX TEXHOJIOTUI BO3-
OYLIHBIX CYO0B [4, c. 192].

B nmepuop BegeHMs XOJOOHONM BOMHBI MEXAY
CCCP u CIIIA coBeTCKOe IpaBUTENbCTBO HaIlpa-
BWIO YYEHBbIX ¥ MHXXEHEPOB Ha CO3[aHle PaKeT U
MOJIEeT YeJoBeKa B KOCMOC paHblile KOHKYPUPYIO-
uyx CoenvHeHHbIX lllTaToB. MHOrMe yyeHble pa-
60TamM HEeCKOJbKO JIeT, MpeXne 4YeM OOCTUYb
ycrexa B 0671aCTV KOCMOHABTUKMY [5]. OmHAKO 1M0-
cle 3aBepIieHusT "XOJIOJHON BOVHBI' M pacliaga
CCCP uHTepec K KOCMMYECKUM MCCIeN0BaHUSIM
pe3sKo ymat. [Tocie sToro B Poccuu BiacTyt 60blire
dbokycupoBanch Ha 60pbbe C MPeCTYIHOCTbHIO,
yeM Ha pa3BUTUMU KOCMOHABTUKM [5].

CeronmHsnIHMe TPO6IEMBI, CBSI3aHHBIE C HECTA-
O6MIbHOJ MOMUTHUYECKOJ 06CTAaHOBKO, SKOHOMM-
yeCcKMMM mpobjeMaMy U KpU3MCOM B 0Opa3oBa-
TEJIbHON CUCTEME, IPUBEIU K KPU3UCY TYXOBHO-
CTU U YXOLYy OT JLOJATOCPOYHOTO IJIaHMPOBaHUS.
O6I1IeCTBO CTAJI0 OPMEHTUPOBATHCS HA MaTepu-
aJibHble IIEHHOCTU U pa3BjieyeHys, UTO MPUBEJIO K
ToTepe MHTepeca K OyAyIIMM IepCreKTMBaM U
pa3sBUTUIO KOCMOHABTHUKY [2, ¢. 348].

TakuM 06pasoM, 4YeJIOBEUECKUI U TexHUYe-
CKuit (aKTOPbI OCTAIOTCS [VIABHBIMY ITPOOIEeMaMu
aBMalUM B 11€JIOM, ¥ OHM TE€CHO CBSI3aHHBIMU JIPYT
C Ipyrom. MHUMAEHTHI C TEXHUKOW Y4acTO MPOUC-
XOOSAT M3-3a YeJIOBEUeCKMX OMMOOK, TaK Kak
MMEHHO JIOAM CO3JaI0T, KOHTPOJIUPYIOT U UC-
MOJIb3YIOT TEXHUKY. KpoMe TOTO, BMsIHME Ha pas3-
BUTHE aBMALIMM M KOCMOHABTMKM OKa3bIBAIOT T10-
JINTUYECKNe, COIIMaTbHbIe, SKOHOMUYECKIE U BO-
€HHbIe 3MEeHEHMUSI.
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