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BUOJOI'nUA

SHTYPUHA Apenuna PunmiaToBHa
CTyAeHTKa KadeIpbl pacTeHMEBO/ICTBA, CEJIEKLIVIM PACTEHMI ¥ GMOTEXHOIOTHIA,
Bamkmpckuit rocygapCcTBeHHbBIN arpapHbIil yHUBepcuTeT, Poccus, 1. Ya

YKOPEHEHUE MHUKPOKJIOHOB CUPEHU OBBIKHOBEHHO

AHHomauuu. B cmamoe paccmampueaemcsa onmumudauus 3manoé KJA0OHAJIbHO20 MUKPOPA3SMHOMCEHUA COp-
moe cupeHu 00bIKHOBEHHO U OUEHKa ux nomeHuuaia pa3mMHOMeHUs 8 yCiosusx in vitro.

Knroueeble cnoea: MukpopasmHoxceHue, MUKpOKJIOHbL, 0€320pMOHAIbHAA Cpedd, YKOPeHaeMOoCmb, CMepuiu-
3ylouiue dzeHmsl, NuMamebHas cpeda, SKCnaanm, ouauud, GUHOKYASD.

B CBSI3Y C TPYOHOCTSIMM BereTaTMBHOIO pa3-
MHOKEHMSI HEKOTODPBIX I[€HHBIX COPTOB CH-
peHV OHU MPAKTUUECKU OTCYTCTBYIOT B MUTOMHMU-
KOBOJYECKUX X03511ICTBAaX, YeM He TOJIbKO OTpaHU-
YBaeTCs paclpocTpaHeHMe UX B KyJAbType, HO U
BO3HMKAET peajibHasl OMACHOCTb yTepy I[eHHbBIX
COPTOB, YTO MOKET IMMPUBECTU K 06eHEHNIO TeHO-
donpa. CrmemoBaTelbHO, BO3HUMKAET HEOOXOAM-
MOCTh B pa3paboTKe CIIOCO60B PasMHOKEHUST CH-
PeHM, KOTOpble ObUIM Obl YHUBEPCATbHBIMU [IJISI
BCEX COPTOB ¥ MO3BOJIMIIM ObI CO30aTh peHTabeb-
HYI0 TEXHOJIOTMIO OBICTPOTO BOCITIPOM3BOICTBA I10-
caJioyHOTO MaTepuana [3, c. 205].

C mnoMOIIbI0O TEXHOJOTMM in Vitro MOKHO
OBICTPO TTOYIUTh HEOOXOAMMOE KOJIMYECTBO pac-
TEHUI1 HOBOTO COPTa WM COXPAHUTD KOJJIEKIUIO.
B HacTosilee BpeMs B TEXHOIOTUY MUKPOPA3MHO-
>KeHUSI CUPEeHU OCBeIlleHbl OT[e/bHbIe 3Tallbl, O -
HaKO OHM He OTBEUaIOT TPeOOBaAHMSIM, ITPEIbSIBIIS -
€MbIM CeJIeKI[MOHepaMM U MUTOMHUKOBOAAMMU K
TOTYYEeHNI0 KaueCTBEHHOTO TMOCaJO0YHOTO MaTe-
puana. [IpakTMuecku Ha BCeX TAmax pa3MHOXKe-
HMSI BO3HUKAIOT CJIOKHOCTHU, CBSI3aHHbBIE B TTIEPBYIO
ouepenb C OMOIOTUYECKUMU OCOOEHHOCTSIMU CH-
peHu. B CBSI3U C 3TUM ONTUMM3AIMUS STAMOB KJIO-
HQJIbHOTO MMKPOPA3MHOKEHUS OTHEeNbHBbIX COp-
TOB CMpEeHY MIMeeT 0COOYI0 aKTYaJIbHOCTH [2, c. 41].

VccnemoBaHust MPOBOOWINCH B JIabopaTopun
MUKPOKJIOHATbHBIX TEXHOJIOTUII U MEPUCTEMHOTO
pasMHOxxeHus pacteHuii baml'AY B 2022 rr.

OGBEKTHI MCCIeNOBAaHNI: CUPEHb OGBIKHOBEH-
Has coproB Kpacasuiia Mocksbl, Hagexxga, Muc-
cuc 3agBapg XapayHr.

MeTozoormnueckoit 6a3oit uccienoBaHus I10-
CITYSKUIM paboOThl OTEUECTBEHHBIX M 3apyOesKHBIX

YUEeHbIX, 3aHUMAaIIINXCS TpobieMamMu 6MOTeXHO-
jioruu pacteHuii - Byrenko P I, Boicoiikoro B A, Ka-
taeBoii H B, Kanamuukosoit E A, Hartmann HT,
Graham C, u 1p

B kauecTBe CTEPUITMU3YIOIINX aT€HTOB UCIIOJb-
30BaJIN:

1. PactBop mnammuaa

2. Ilepekucs Bogopoaa 3%

3. Tunoxnoput Hatpus 40%.

Ha sTamax KJIOHMPOBaHUSI CUPEHU UCIIO/Ib30-
BIM TIUTaTeNnbHYK cpeny KsopuHa-JlemyaBpa
(QL)

I stan (BBemeHMe B KyinbTypy) — QL 6e3 ropmo-
HOB;

II sran (pasmHokeHue) — QL ¢ mobapiieHneM
rOpMOHAa IMTOKMHMHOBOTO psiga 6-BAII (1,0 mr/n);

III aram (ykopeHeHwe) — QL 6e3 rOpMOHOB.

MaTOYHUKM COPTOB HAXOHSITCSI B MUTOMHUKE
JlagamadgTHOTO 1IeHTpa V3ympyaHbIii ropoa. Ma-
TepuaJl Ajis BBeIeHUsI B KyJIbTYpY in vitro 6611 0TO-
6paH 15 Hos6ps 2022 T.

Oto6paHHble 06pasiibl (BETKM CUPEHU) MbI
OCTaBM/IM B JIabOpaTOpMM B BOMOY UTOO ITOUKMU
HaOYX/IM ¥ HaYaIu MPOOYRAATHCS. DTO 3aHSIO 3-4
ITHS.

Ijist mocaiky Ha MUTATENIbHYIO Cpeny UCIOJb-
30Ba/IM BepXyllleuHble (TeHepaTUBHbIE) I GOKOBBIE
1oukyu (BereraTuBHble). CHavasaa Mbl IIPOMBIBAIU
BETOYKM MPOTOYHON BOAOIIPOBOSHON BOAON, 3a-
TeM Cpe3aii C HUX ITOYKM CO IUTKOM. 3aTeM B Jia-
MUHape MPOCTEPUUIM30BaIM MOYKM B pacTBOpe
Iuanuaa 6 MUHYT, Tlepekucu Bomopoza 3% (10
MMH. ), Turnoxjaopurta Hatupus 40% (5 muH.) ¢ mo-
CIenyweil TPEXKPATHON MPOMBIBKONM CTEepPUJIb-
HOJ OUCTUIIMPOBAHHOM BOZ 0. [Tocie 3TOro mof,
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OMHOKY/IIPOM BBIIENMIM MEPUCTEMY U3 MOYEK U
Mocaguii Ha IUTaTeabHyIo cpeny QL 6e3 ropmo-
HOB. Uepes 10 gHel TpPOHYBIIMECS B POCT Mepu-
CTEeMKU TIepecaayii Ha cpeny ISl pa3MHOKEHMUS.

Vi3 Tpex MCIBITAHHBIX HAMU CTEPUIUIYIOMINX
areHToB Haubosee 3¢HEKTMBHBIM OKa3aJiCs aua-
M1, B 5TOM BapMaHTe YacTOTa KOHTaMUHAIUU
BapbupoBasa ot 2,5% mo 5,0% u oTCyTCTBOBAJIO
MOBpEXIeHNe SKCIUIAaHTOB. BTophiM mo 3ddex-
TUBHOCTM OKasajcs pacTBOpP TUIIOXJIOPUTA
HATpMsI, YaCTOTa KOHTAMMWHAIIMY B 9TOM BapMaHTe
BapbupoBaia oT 7,9% mo 9,3%, HO maHHBIA pac-
TBOP OYEHb arpeCcCMBEH U BbI3bIBAJI IOBPEKAEHUS
9KCIUIAHTOB, MTO3TOMY KOJIMYECTBO KM3HECIIOCO0-
HBIX 9KCIUIAHTOB B 3TOM BapMaHTe MUHMMAaIbHOE.
ITpu 06paboTKe 3KCIUIAHTOB 3% MepeKuChbio BOIO-
pola MOBPEXIEHNSI OTCYTCTBOBAIM, HO IaHHBIN
pacTBOp He OKasaj] HeoGXOAMMOTrO CTEPUIU3YIO-
mero 3ddekra, CTenmeHb 3apaKeHUS B STOM

BapuaHTe OblJIa 3HAUMTEbHO BhIIIE, YEM B APYTUX
1 BapbupoBasa ot 25,5% mo 37,8%.

Ha pocT pacTeHuit B BbICOTY CTEPUIU3YIOIINE
areHThl BIUSHUSI He OKa3bIBaju, 3[eCh POJIb ChIT-
panu coptoBble ocobeHHOCTH. Camble KpYIIHbIe
ro6eru GopmupoBanuch y copra Muccuc dasapy
Xapausr (12,3Mm), a cambie MeKue y copta Kpa-
caBuiia MockBel (6,7MM).

Hamm wmcciemoBaHMsl MOKasaiyu, UTO MUKpPO-
K/JIOHBI CUPEHY XOPOIIO YKOPEHSIOTCSI Ha 6e3rop-
MOHanbHOV cpeme QL. 3To MO3BOJSeT 3HAUYU-
TeJIbHO YMEHbIIUTh 3aTpaTbl Ha ITPOU3BOJCTBO
MOCaJ0YHOro MaTepuasia, Tak Kak TOPMOHBI JO-
BOJIBHO JJOPOTO CTOSIT. 17151 aHa/nM3a yKOpeHsIeMo-
CTUM MUKPOKJIOHOB CMPEHM MbI B3STM BbIOOPKY 13
20 pacTeHMI1 Kaxkgoro copra. [Joisi yKOpeHEHHBIX
pacteHuii BappupoBaa ot 87% 1o 98%. Y usyuae-
MBIX COPTOB CMPEHM TaKKe HAOIIOIAINCh OTINUMS
B KOJIMYECTBE U [JMHE OOpa30BaHHBIX KOPHEN
(Tabmuia).

Tabnnua
KonnuecTBO YKOPEHUBIIMXCS B MIPOOMPKAX pacTeHMUt
Ne Hoinst ykope- CpepHee Komuye- Cpepuas CpenHss BbI-
o Copr HEHHBIX pacTe- | CTBO KOpHei Ha 1 | AJaMHA KOp- coTa pacre-

o Hui, % pacTeHuu, T Hell, cM HUI, CM

1 Kpacasuita MockBbI 87 1,5 3,2 45

2 Hapexxna 93 2,7 4,3 6,1

3 Muceune Snpapa 98 3,1 3,9 5,8

XapauHr

Hau6osb1rast KoiM4ecTBO KOpHei 6b110 cdop-
MMUPOBAHO Y pacTeHuli cupeHu copta Muccuc I1-
Bapn XapAuHT, a HauMeHblllee y CUpeHU copTa
KpacaBuiia MockBbl. Hanbojiee OaMHHbBIE KOPHU
dbopmupoBanuch y cupenu copra Hapmexna, a
Hanbosiee KopoTkue y copta Kpacasuiia MocKBBI.
ITo BbICOTE pacTeHMit K KOHITY 3Tara YKopeHeHus
OblIa OTMEUEeHa Ta Xe TeHIeHIINS.

ITpy MUKPOKJIOHAJIBHOM Pa3MHOKEHUM pacTe-
HUi Haubosiee OTBETCTBEHHBIM U CJIOSKHBIM SIBJISI-
eTcsl 3Tall ajarnTalyy U IIepeBo, MUKPOPaCTeH
B HECTepWIbHbIE YCJIOBUS. DTO OOBSICHSIETCS TEM,
YTO B YCJIOBMSIX in Vitro BJIaXXHOCTh BO3[yXa
6/M3Ka K HACBIIIAIONIE, OTCYTCTBYET TPaIMEHT
BOJHOrO TOTEHIMAJIa MeXAY MCIapsIomein Io-
BEPXHOCTbIO JIMCTA M aTMOC(epoii, CHIKAETCS
TpaHcnupaius u3-3a gebuinra CO2, y pacTeHui
MOSAB/SIIOTCS  HePYHKUIMOHUPYIOIIME  YCTbUIIA,
CHIKAETCSI OCMOTUYECKOE IaBJIeHMeE, TTPOUCXOINUT
00e3BOXKMBaAHME KOpHEl Ha arape M HapylleHue
BOIHOTO GayiaHca. DTO MPUBOIUT K TOMY, UTO TP
BbICAIKe TPOGMPOYHBIX PACTEHMII B TPYHT OHU
OBICTPO TepslOT Typrop M yBsimawT. s

NpefoTBpalleHNsl U3NUIIHMUX MOTePhb BJIaTU pac-
TEHUSIMU UX TI€PBOE BpeMs NIPUKPBIBAIOT YKPbIB-
HBIM MaTepUaJOM WU BbICAXKMBAIOT B MUHM-TIAP-
HUKU. MBI OCYIIECTBJISIIU BbICAAKY YKOPEHEHHbBIX
MMKDOKJIOHOB B MMHM-KAacCETbl U NPUKPBIBAIU
CBepxy MMPO3pavyHbIMM KOHTelViHepamu. PacTeHus
pasMellaanch Ha CBETOIVIONIAAKE ¥ JOpallyBa-
JIXCh B YCJIOBUSX JTAOOPaTOPUMN.

KonnuecTBO amanTMpOBaHHBIX pacTeHUil IO
BapMaHTaM OIIbITa BapbMUpOBaio oT 87 7o 96 %.

Haubosbinas COXpaHHOCTb pacTeHuit 6blIa OT-
MeueHa y pacTeHMii cupeHM copra Mwuccuc Xap-
IIVIHT, HauMeHbliasi — y copta Kpacasuiia MOCKBBI.
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ROOTING MICROCLONES OF COMMON LILAC

Abstract. The article discusses the optimization of the stages of clonal micropropagation of common lilac vari-
eties and the assessment of their reproduction potential under in vitro conditions.
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PN 3UKA

PBICUH Angapeii BnaguMmuposua
paguoumkeHep, AHO «<HTULI «TEXKOM», Poccus, r. MockBa

HUKN®OPOB Urops Kpoungosnu
KaHOMUIAT TEXHUYECKMX HayK, JOLeHT,
YyBallicKuii rocyqapcTBeHHbI yHUuBepcuTeT, Poccus, r. Yebokcapsl,

BOMKAYEB Biagyucias Haymosny
KaHAUIAT TEXHUUECKUX HayK,
nupextop, AHO «<HTUL «TEXKOM», Poccust, r. MockBa

HEOBXO/IMMOCTbh YCOBEPIIEHCTBOBAHUVSI YPABHEHUIT MAKCBEJIJIA
C IIEJIBIO OITMCAHHUSA KOPIIYCKVJ/ISPHO-BOJIHOBOI'O IYAJIN3MA

AHHOmauus. B a3moii cmamoee Mbl NOKAXeM, KAK 8 KAACCUHecKoli 271ekmpoduHamuKe U KeaHmosoli MexaHuxe
peuiaemcs 60npoC MamMeMamuueckozo OnUCamnus KOpnycKkyasapHo-80aH08020 0yanuama 06seKmos Mupo30anus om
npocmozo npedcmasieHus K CJIOHHOMY Hd 0CHOB8e YCO8epuleHCMB08aHUs ypasHeHuli Makcaesna, Komopole npeo-
cmasesisiiom co6oti Haunpocmeltituue 006eKmMbl 8 UJE 2JIEKINPOHHBIX U MIOOHHBIX HELIMPUHO U aHmuHelimpuHo. Mot
maxkae NoKax3em owudKu, Komopsie 0bL1u dONyUjeHbl 8 KAACCUHECKOLi 31eKmpoOUuHamuKe.

Kntoueswie cnosa: CTO u OTO Siinwmetina, popmyaa JIyu de Bpoiins, yayuwieHHsle ypasHeHus Maxkceesna,

opmyna IThanka o1t COCMOSIHUS pABHOBECUSL.

H606XOIU/IMOCTb YCOBEPIIEHCTBOBAHMUS 00BIU-
HbIX ypaBHeHMI1 MakcBeisia Ha3pesa JaBHO,
Tak Kak B TOM BUJie 3al1CH, B KOTOPOM OHU ObUIN
MpeACTaBeHbl, OHY HEe TOJIBKO HE MOIJIM CaMu
OmMCaTh HAaUMPOCTEIe 06beKThl MUPO3AAHNS,
HO ¥ He MOIJIM 00eCIeuYnTb CBSI3b KOPITYCKYJISP-
HBbIX ¥ BOJTHOBBIX CBOMCTB B 00BEKTaxX MUPO3Ia-
Hus. bonee Toro, mepexon OT ypaBHeHMIT Makc-
BeJIIa K 3JIeKTPOMAardHMTHBIM BOJIHOBBIM ypaBHe-
HUSIM ObLT TaKOKe CAeNTaH C apagoKcaMy U OG-
KaMU. Hp]/[ 3TOM TaKue 06'I)EKTI)I MUPO3OdaHUA KaK
JJIEKTPOHHbIE M MIOOHHbIE HEﬁTpMHO, KOTOpbIE
IBUTAJIMUCh CO CKOPOCTHIO CBETa, BOOOIIE He TOA-
JlaBaJIMICh OMMCAHUIO C TIOMOIIbI0O OOBIUYHBIX YPaB-
HeHuit MaKkcBeJi1a, XOTS Py TaKOi CKOPOCTY IBY-
SKEHUSI OHM 00SI3aHbI ObLIM OBITH MPEACTABIEHBI
yepe3 3JeKTPOMarHuMTHbIe KOMIIOHeHThI. Ilo-
3TOMY B JAHHOJ CTaTbe MbI ITOKAXeM, KaK MyTEM
MCKITIOUEHNMST TIapaJioKCOB ITOJNYYalOTCS YCOBEp-
IIEHCTBOBaHHbIE ypaBHeHMs1 MakcBejula, Ha OC-
HOBE KOTOpPBIX obecrmeuuBaercs (GOpMMUPOBaHME
KOPITYCKYJISIPHO-BOJTHOBBIX CBOJICTB "

OrpefensieTcss OTHONIEHMEe MacChl MPOTOHA K
Macce 3JeKTpOHa.

Hago oTMeTuTth, UTO TpeboBaHMe HeOOXOmu-
MOCTU YCOBEPIIEHCTBOBAaHMUS YypaBHeHUIi Makc-
BeJIIa Y)Ke MPAKTUUECKU ObLIO BBEIEHO B OOBIU-
Hble ypaBHeHMsI MakcBejsia, HalpuMmep, 4vepes
CTOPOHHME TOKU U yepe3 KOMIIJIEKCHYIO 37IeKTPU-
YeCcKyl0 M MAarHMTHYX MpoHMUIlaeMocTb. Hanmo
OBIIO TOJIBKO MPU3HATH OUEBUIHOE, 9TO HATUUMeE
MPOEKIUIt 37eKTPUIeCKUX M MAarHUTHBIX COCTAB-
JS0IIMX Ha BpeMsi. BHauasie mokaxeM BbIBOJ, yCO-
BEepILIEHCTBOBAHHBIX ypaBHeHMI MakcBe/ia Ha
OCHOBE HaMM4us KOMIJIEKCHOM MarHUTHOM Ipo-
HUIIA€MOCTH.

Bepém mu3BecTHOE 0OBIUYHOE ypaBHEeHME Makc-
BeJIJIa B YaCTHBIX TPOM3BOIHBIX B BUJIE:

—uoH,/dt = OE, /dx — OE, /dy (1)

[Mpu nipeacTaBIeHUN B JIEKTPOAMHAMMKE 3HA-
YeHMS] MarHUTHOM MPOHUIIAeMOCTU B KOMILJIEKC-
HOM BUJe, UTO, KCTAaTH, MMO3BOJISET PElIUTb IIPO-
6/leMy M3MeHeHUs HaIpaBaeHUs] ABUKEHUS II0
IIPUHLUITY l'oiirenca-®peHens B cuny
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B3aMMOJENCTBUS CO Cpelloil pacrpoCTpaHeHus,
UMeeM:
K=o+ it (2)
3nmecsk i=(-1)2. TIpu Mo/ICTAHOBKE TIOyYaeM:
—Uo0H, /0t — iugdH,/dt = OE, /0x — OE,/dy (3)
To ecTp KiIaccuyeckasi JEKTPOAMHAMMUKA TPU
JOMYyLIeHUM Haauuusi KOMIUIEKCHBIX 3Ha4YeHUN
37IeKTPUYECKO M MAarHMTHON NPOHUIIAEMOCTU
MoTPe6oBaI0 M KOMIUIEKCHBIN BUI OJIS ypaBHe-
HMIT MakcBe/ia. 3mech 3HaUeHME Ly OOVMHAKOBOM
BeJIMUMHBI B JI€IICTBUTE/NbHOI M MHMUMOI 4acTu,
TaK Kak Cpe/ia He U3MeHSeT 00beKT, IBVIKYIIMIACS
CO CKOPOCTHIO CBeTa. B IPOTUBHOM c/Tyuae 06bEKT
pacragaeTtcst My OymeT pacTi 10 6eCKOHEeYHOCTH,
B CMJIy OTCYTCTBUS 3aKOHA COXpaHEHUS] KOau4e-
cTBa. IHBIMM C710BaMMU, Cpefia XapaKTepu3yerT B3a-
UMoeiicTBue 6e3 M3MeHeHMIT IPU COXpaHEeHUU
IBVOKYIIErocst 00bekta. To eCTb, MbI IIpU YCIIOBUU
3aKOHAa COXpaHeHMs KOJIMueCcTBa UMeeM:
Mo = Tl 4)
31ech MHMMAas eIMHUIIA | BBICTYIIaeT KakK aTpu-
OyT IPOTUBOMOJIOKHOCTU U (DaKTUUECKU BbIpa-
’KaeT 3aKOH, 10 KOTOPOMY Ha JeNCTBME OLHONI
MPOTUBOMOJIOKHOCTU MPOUCXOAUT MPOTUBOMAEI-
CTBMeE, YTO M BbIpaXkaeTcsl BO3BPATOM CO 3HAaKOM
MMUHYC OpU BO3BedeHUM B KBajpaT. HekoTopsie
YUTATEeJM MOTYT MOAYMaTh, YTO NMpUpPaBHUBAHME
IeNCTBUTE/NIbHOM 4aCTM K MHMMOM 4aCTu — 3TO
Hamia BeiAyMKa. OOHAKO B KBAHTOBOW MeXaHUKe
IAaBHO M3BECTHO PaBEHCTBO iP=AFA;, ipu A=A,
A=Ay, A=A, [1]. COGCTBEHHO MpUpaBHMUBaHME Ay K
MPOEKIIY Ha BpeMs A; Takke ObLIO CIENIaHO B
snekTpoayHamuke @eiiHmMaHom [2]. anee He
Hapylas BUJa ypaBHEHUS Mbl YMHOXXaeM YMCITIU-
TeJb ¥ 3HaAMEHaTe/lb MHMMOI MPOU3BOIHONM Ha
CKOPOCTb CBeTa:
—po@H, /3t — ingcdH,/d(ct) = IE,/dx — OE,/dy (5)
C MaTeMaTM4eCKO} TOUKM 3peHUS HUUEro He
MTOMEHSIIOCh, a ¢ GMU3UUYEeCKOi TOUKM 3peHUsT MHU-
Masi TIpOU3BOJHAsl OTpaskaeT TIPOTUBOMOJIOXK-
HOCTb, TZie 3a CUET CKOPOCTU CBeTa JJIMHA U BpeMsI
MEHSIIOTCS MecTaMu. MHayue mpu coxpaHeHUU
OIMHAKOBOIO BUIA ITPeCTaBIeHUS] 0ObEKTOB HET
OTIMUUIL U 3TO UCKITIOUAeT HaIuuKe MPOTUBOMO-
JIoskHOCTed. TIpy 3TOM, Ha OCHOBe Mpeo6pa3oBa-
Hui1 JlopeHIIa-MUHKOBCKOTO, BpeMS OJHO3HAYHO
Mpeo6pPa30BbIBAETCS B IJIVHY, a IJIMHA BO BpeMsI B
paBHBIX KoJnyecTBax B cooTBeTcTBUM ¢ CTO u
OTO DOiiHiuTeiiHa. COOTBETCTBEHHO, Ilepexol B
MPOTUBOMOJIOKHOCTb OT BpeMeHH K JIJIHe CBSI3aH
CO CKOPOCTHIO cBeTa 1o hopmyie [3]:
x° = ct. (6)
B manHOM cityuae x° oTpaykaeT JIMHY KOOPAU-
HaThl, B KOTOPYIO IPOUCXOIUT IIpeobpasoBaHue

JJIVHBI [IPU ABVKeHUU (M3MeHeHun). THbIMU CJ10-
BaMU, Cpela PaclIpoOCTPaHEHMSI — 3TO HE HEeKUi
BaKyyM, a 00bEKT, COCTOSIIINI 13 TPOTUBOIIOJIONK-
HOCTel4, BbIpaskeHHbIX uepe3 AJMHY U BpeMs B CO-
otBetcTBUM ¢ CTO 1 OTO JitninTeiiHa. Eciv ObI He
ObLJIO B3aMMHOTO IIpeoOpa3oBaHMs OJIMHBI BO
BpeMsl, 1 Hao6opoT, B coorBeTcTBUM ¢ CTO 1 OTO
DiiHIIITeliHA, TO IJIMHA U BpeMs ObUY Obl He3aBMU-
CUMBI [IPYT OT Apyra, a 3TO O3HAyaeT, UTO OHU
OBV OBl 3aMKHYTBI Ha Ce0s U IpYT AJi Apyra He
CYLIECTBYIOT, M O IPOTUBOIIOJIOKHOCTSIX B OGHOM
00beKTe He ObLIO ObI peun, HO 3TO He Habmoaa-
eTCsl Ha MPaKTUKe.

Kpome Toro, pa3 Mbl HabIi0maeM Ha IIpaKTUKe
MTPOTUBOITIONIOKHOCTM B 0OBEKTe, BbIpakeHHbIE
yepe3 JIMHY U Bpems (OPYyroro ONMCAaHUS HpuU
IBVDKEHUM HET), TO TOBOPUTH HE O UEM 6e3 3TUX
BesMuyH. C yUETOM TOTO, UTO MPOTUBOIIOI0XKHO-
CTM CBSI3aHbI Uepe3 CKOPOCTb CBeTa (CKOPOCTh 00-
MeHa), TO ITOKOJ U ABVKeHMeE B TPOTUBOIIOI0XKHO-
CTU MEHSIIOTCSI MECTaMU, a 9TO BbIPAXKAETCS U CMe-
HOJ IIPOEKILINIA, TOe OJIMHA ITepeXoauT BO BpeMsl, a
BpeMsI B IyinHy. [loBTOpsieM, MHaUe He GbLIO ObI U
caMMuX IIPOTMBOIIOJIOKHOCTENM, ecyiu Obl BUJ CO-
xpansiacs. OTcona MMmeeM:

—Wo0H,/0t — iugcdH,/0z = OE, /0x — OE, /0y (T)

IToHsiTHO, UTO JIeBas yacTb ypaBHeHuUs (7) xXa-
paKkTepU3yeT 3aMKHYThII 0OMEH MEXIY IMPOTUBO-
MOJIOXKHOCTSIMY, aHAJIOTUYHO TOMY, KaK TaKoii ke
3aMKHYTbIf 0OMEH XapaKTepu3yeT U IpaBast 4acThb
ypaBHeHUs (7). I B IaHHOM city4ae [J1s1 COCTaBJISI-
oleit H noa, MHMMOJ IIPOU3BOLHONM He OCTaETCs
IpYyTUX TIPOEKIMii Kak MpoeKkly Ha Bpems, Tak
KakK B TPOTMBHOM cJTyuae it H HeT rpeo6pa3oBa-
HUI U B TPOTUBOIOIOXKHOCTSIX COXPAHSIETCSI OOU-
HAKOBBIVi BUJ, YTO MCKIOUAET HaIUUMe CaMUX
MTPOTUBOIIOIOKHOCTEN M ITPOTUBOPEUUT ITpeodpa-
3oBaHusaM JlopeHnia-MunakoBsckoro 1o CTO u OTO
DitHmTeiHa. TakMM 00pa30M, MbI MOTYUMIN BbI-
BOJ, HEOOXOMMOCTM YCOBEPIIEHCTBOBAHMS YpaB-
HeHMi1 MakcBesuta 13 cobimoaeHnss GopMyIT Kiac-
CUYECKO 3JeKTPOANHAMUKA U ITpeodpa3oBaHmii
Jlopenua-Muukosckoro no CTO u OTO 3iiH-
mrteiiHa. Co6CTBEHHO M CaM KOMIUIEKCHBIN BUT,
YpaBHEHUSI C MHUMOI COCTaB/SIIONIEN 3TO He
Hallla BBIAYMKA, ¥ 3TO yKe ObUIO caenaHo JIupa-
KoM, a 10 Hero lllpenuHrepom. HeckoJbKO HuKe
MbI MMOKaskeM, YTO yCOBepIleHCTBOBaHHbIE ypaB-
HeHMs1 MaKkcBessla TpefCcTaB/sSioT co60il U mpo-
cTeiiie 06beKThl MUPO3AaHNS B BUIE SJIEKTPOH-
HbIX ¥ MIOOHHBIX HEMTPUHO U aHTUHENTPUHO Ha
OCHOBEe YpaBHEHMI KBAaHTOBOV MexaHuku. Of-
HaKo, YTOObI JOKa3aTh HEO6XOIMMOCTb yCOBEp-
IIeHCTBOBAaHMS ypaBHeHMII MakcBeia HaJo
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obecreunTh GOpPMUPOBaHME OOBEKTOB OT IIPO-
CTOTO BUJA K CJIOKHOMY BUZLY, U TIOKa3aTh, HATIPU-
Mep, Nepexos, OT yCOBEPIIEHCTBOBAHHBIX YPaBHe-
HUiT MakcBeiyia K 371€KTpOMarHuTHo# BoJsiHe. C
9TOI 11eJ1bI0 MbI O/IKHBI BCIIOMHUTbD, YTO B yPaB-
HeHMsIXx MakcBe/yla MpU ONMCAHUM TPUHLMUIA
loiireHca-®peHenss B cpede pacIlpoCTpaHEHUS
37IeKTPOMArHUTHOM BOJIHBI HE CMOIJIM OOOMTUCH
6e3 M1CII0Mb30BAHMS HEKUX CTOPOHHUX TOKOB jE, ju
(C UCK/IIOUEeHUEM TIPU 3TOM HEKUX IBVOKYIIUXCS
peanbHBIX 3apsSiIOB, KOTOPBIE B Cpefie pacrpocTpa-
HEHMS HeT) B Buze [4]:

rot H=0D/0t — jg; rot E = —0B/dt + jy;

D = gE; B = puoH; goug = 1/c2. C)

3HaueHMsl IUIOTHOCTM CTOPOHHUX TOKOB MBI
MIpeICcTaBWIM C pa3sHbIMM 3HAKaMM aHaJIOTUMUHO
TOMY, KaK 3aMKHYTble BeauuuHbl rot H u rot E
JalT pasHble 3HAKM MPOM3BOAHBIX IO BpeMEHU
dD/dt u —AdB/dt, uTo obecrieunuBaeT 3aMKHYThI
B3aMMHbII epexo. Jlanee MoiaEM 110 O6LIeIpH-
HSITOMY ITyTU Y IPUMEHUM K TTIePBOMY YPaBHEHUIO
omnepauuo poropa (rot). Ilo cytu, 3TO 0O3HAvaeT
BO3J€/CTBME OPYroro o6beKTa, UTo AAET ero mus-
MeHeHMe 33 CUET B3aMMOJIeiICTBUS

rotrot H = d(rot D/0t) —rot jg; rot D = —g,0B /0t — &yjy;

rotrot H = graddiv H — V?H;

graddiv H — V?H = —gyuy0%H/0t? — £,0j /0t — 1ot jg; ©)
V2H —1/c?0%H/0t? = graddiv H + 4,0y /0t + Tot j.

AHANIOTrMYHO IPUMEHUM OIIEPALUI0 POTOP U KO
BTOPOMY YPaBHEHMUIO, UTO, I10 CYTU, O3HaYaeT BJIU-
ssTHue OOBeKTOB [PYr Ha Opyra, BbIPasKEHHBIX

yepes nuddepeHIaibHble YpaBHEHMS, a Orlepa-
LIMSI pOTOpPa COOTBETCTBYET M3MEHEHMSIM 3a CUET
BO37eICcTBUSI. B utore mmeem:

rotrot E = —d(rot B/dt) —rot jy; rot B = puy0D /0t — UyjE;

rotrot E = graddiv E — V2E;

graddiv E — V2E = —gouo0?E /0t? + uydjg /0t — rot jy;

(10)

V2E — 1/c?0%E/0t? = graddiv E — uydjg /0t + rot jy.

OueBugHO, uto 3HaueHus divE u divH He OTHO-
CUTCS K OTIpee/IeHUI0 3HaUeHMI peasibHbIX 3apsi-
OB, TaK KaK UX B Cpele pacIlpoCTpaHeHUs HeT.
[TosTOMy BMECTO OOGBIYHBIX 3apsiIOB B COOTBET-
CTBMU C KJIACCUUECKOI 3/IeKTPOAVHAMUKOM [4] ns
CTOPOHHE IJIOTHOCTU 3apsIL0B UMeeM:

divE = p§'/eq; divH = pgf /. (11)

Ho BoT TyT mpo6ieMa, CBSI3aHHAsI C TeM, UTO
HeT npoekuuii E u H H1 Ha OAHY U3 TIPOEKLUIA T10
IJIMHE, TaK KaK CTOPOHHME 3apsabl He UMEKT HU-
yero oOIIero ¢ 06bIYHOM MIOTHOCTHIO 3apsIOB Ha
MpoeKIuy 0 [yIMHEe UM 3apUKCUpPOBaTh MX Ha
MpakTuke Heab3sd. OTCIOma, TakK KakK Heab3s

ucnonb3oBaTh 3HaueHus1 E u H Ha OCHOBe IIpoek-
LM Ha 3HaYEeHUSI 10 KOOPAVHATAM [IJINH, TOJIbKO
U OoCTaéTtcs, uTo cunutath E v H mpoekIUsIMM Ha
BpeMsl, pa3 Mo KOOpAMHATaM UX 3a(UKCUPOBATDH
Henb3s. COOTBETCTBEHHO IIPU 3TOM TaKue IIPoeK-
uun E; v H; BOIKHBI UMETDh IIPOTUBOAECTBIE IPYT
K IpYTY, YTO BbIpaskaeTCsl yepe3 3HAK Iepes 3Ha-
YEeHUSIMU CTOPOHHEN MIOTHOCTU 3apsiioB, KpoMe
TOT'O Mbl YUUTHIBAEM 13 KBAHTOBOM MeXaHUKU I10
npeobpa3oBaHUI0 CTOPOHHUX TOKOB IO JlopeHIy
dopmyny j=cp™ [5].

OTcroza cienyer:

divE, = —pg"/eo = —jg/(c&); divH, = pf' /1o = ju/(Clto). (12)

ITocne IIOACTAHOBKNM MeeM:
V2H — 1/c?8%H/dt?

gradju/(cpo) + €90ju /0t + 10t ji;
V2E — 1/c?0%E /0t? = —gradjg/(cgy) — Ugdjy /0t + Tot jy
V2H — 1/c?0?H /0t? = ceggradjy + £90jy /0t + Tot jg;

(13)

V2E — 1/c?0%E /0t* = —cugradjy — podjg /0t + 1ot jy.

[ToHSITHO, YTO CTOPOHHME TOKM — 3TO YETHIPEX-
MepHble BeKTOpa B IIPOCTPAHCTBE U BpeMeHMU,
AHaJIOTUYHO TOMY, KaK 3TO ObLIO TpezJioKeHO
@elfHMaHOM [1J151 BEKTOP MOTEHI[UAOB.

B neBpix uvacTsax ypaBHeHuit (13) mMbl uMeem
ypaBHeHMsI BOJIHBI, a B IPABbIX YaCTSIX YPaBHEHUI
cTopoHHMe TOKK. Ho, 0HOBpeMeHHO, 110 Teopumn
KJIACCUYECKON 371eKTPOIVHAMUKM [6] BEKTOpP IO-
TeHIMaJ/Ibl UMEeIOT BUJ:

E, = 1/(cugy)rotA; E, = —grad®d® — dA/ot. (14)

[Tpu 3TOM 10 K/TaCCUUYECKOI 3/IEKTPOAMHAMUKE

TaKKe U3BECTHO, YTO BEKTOP MOTEHIMAbl MUMEIOT
OJIHO3HAUHYIO CBSI3b B Halllelt cucTemMe Habiozie-
HUS TIpU ONMUCAHUU [IBVMOKEHMSI 3apsKeHHOM 4a-
CTULHI [7]:
A=v/c?D. (15)
Ho, B BapmaHTe Haauuus TOJBKO Cpefbl pac-
MIPOCTPaHeHus], 3apSDKeHHBIX YyacTul HeT. OTcrona
eIV HCTBEHHBbIJI BapMaHT, NPU KOTOPOM V=, a
A=®/c. COOTBETCTBEHHO, MCIIOJIb3Yys aHAJIOTUY-
HBIVi IPUHIIUII CYIIePIIO3UIIUY IIFIOTHOCTY CTOPOH-
HUX OJeKTPUYeCKUX TOKOB [8], KOTOpBIA
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UCIIOJIb3YeTCS B KJIACCUYECKOM 3JIeKTPOAMHA-
MIKe, MOJXHO OIIpeneJIMTb 3HauyeHMe BeKTOpa

E=E;+E-> B BUJe:

E =E; + E, = 1/(cug)rotA — grad® — 0A/dt;
E =1/(cug)rotA — grad® — 1/cod/ot; (16)
cuoE = —cuggrad® — py0d /ot + rotA.

Orcioga MMeeM IBa YpaBHEHUS IJISI CPAaBHEHMS :

V2E — 1/c?02E /0t? = —cuggradj — podjg /0t + 10t jy;
cuoE = —cuggrad® — py0®/dt + rotA.

MbI BUIUM, UTO €CJIU CUUTATh UTO D=ji, a A=jy,
TO MbI TIpU COBIIaAEHUM TIPaBbIX YaCTeil ypaBHe-
HUil QakTHUecky mojiyyaeM ypaBHeHMe IeabM-
rosibua [9] pJist neBbIX YacTelt ypaBHEHUI BUA:
V2E — 1/c?9%E /9t? = cu,E. (18)
[Tpu HopmupoOBKe Ha BenuuuHy E ¢ nepexonom
Ha HOpMMPOBaHHYIO PyHKIMIO W nmosyuum:
V2W — 1/c?0?W Jot? = cu,. (19)
Ianee MbI cCuMTaeM, YTO KOHCTAHTbI 3JIEKTPU-
YeCKO¥ ¥ MarHUTHOV MPOHMUIIAeMOCTU Cpeabl OT-
pakaloT IMHAMMKY IBMKEHMS 00bEKTOB B IIPOTH-
BOTIOJIOKHOCTH. B 3TOM ciyyae Hajuuue u3MeHe-
HMIT B Hallleil cucTeMe HaOMIoOOeHMs, He MOXKeT
MIPOMCXOINUTH 6€3 U3MEHEeHUII B MPOTUBOIIONIOXK-
HOCTH, TOKe B BUJie IBVOKEHMSI, KOTOpasi CBsI3aHa C
Halleil CUCTeMOlt uepe3 CKOpOCTh cBeTa. B mpo-
TUBHOM CJIyyae IPOTUBOIOJIOKHOCTU He MMeIun
ObI B3aMMMHOTO OOMEHa C COXpaHeHMeM KOoJude-
CTBA ¥ B 9TOM CJIy4ae OTCYTCTBOBaIM ObI KOPITyC-
KYJSIpHO-BOJTHOBbIE 0O'BEKTBHI. Tak Kak

VEW — 1/c?0?W /0t? = cuo = 1/u = 1/u = 1/(c? — vZ)'/* =

=imy/(1 — v3,/cH)M? = im.

3necb, Mbl BBeJeHMEM B IIPaBOi 4aCTU MHMU-
MOV eAUHUILIBI | yUUTHIBAEM TO, YTO MUMEETCS CBSI3b
37IeKTPOMAarHUTHOM BOJIHBI CO CKOPOCTBIO IBUIKE-
Hust mo CTO u OTO He B Hallleit cucTeMe HaGIIO-
IeHus, a B IIPOTUBOIIOJIOXKHON cucteMe. MHbIMMU
CJI0BaMM, JIEKTPOMArHUTHOE U3JIy4eHMe 3TO pe-
3y/IbTaT ABVKEHMS 0OBEKTOB B MTPOTUBOITOIOKHO-
CTHU, 4TO COOTBeTCTBYeT upee Jlyu ne bpoiins. [o-
BTOPUM, UTO 3[€Ch MbI CUMTAEM, UYTO Mo=1/C U 3TOT
pesyJbTaT COOTBETCTBYET (hOPMYJIe SHEPTUM DitH-
miTeitHa, 4To Mbl mokasanu B [10]. ITo cytu mo=h,
rae h — mocrosinHas IlnaHKa (MMeHHO 3Ta Beju-
YMHa OTpaskaeT MUHMMAIbHO BO3MOKHbBI O6EKT
B MMPO3JIaHMMN), UYTO XapaKTePU3yeT OOILIYIO B3ay-
MOCBSI3b TJI00AJIbHBIX ITPOTUBOIIOJIOKHOCTEN IO
Hauieit Teopuu uepes dopmyny ch=1 [11]. Ilox-
yepKHEM, YTO AaHHas ¢GopMysia COOTBETCTBYET
KOJIMYECTBEHHBIM MTPe0Opa30BaHMUsIM B MUPO31a-
HUM, U MUPO3aHME HUYErO He 3HAET O CUCTeEME
nsMmepenust CU u CI'C, KoTopble IIpUBEN K Mapa-
IOKCY YEPHBIX [AbIP CBSI3aHHOMY C PaguycoM
[IBapirmmabaa. TakuM 06pasom, Mbl BUIVMM, UTO
BOJIHOBBIE MIPOLeCChI B OLHOM

(17)

MIPOTUBOIOJIOKHOCTU CBSI3aHbl uUepe3 CKOPOCThb
CBeTa, TO 3KBUBAJIEHT IpeICTaBIeHUsT IBUKEHUS
B IIPOTMUBOIIOJIOXKHOCTY MOSKHO BBIPa3uUTh B BULE
BEJINYVHBI:
u=(c* —vi)/? (20)
371ecCh Vp, — OTPaKAeT MHTErpajibHOE YCpeIHEH-
HOe 3HaueHMe CKOPOCTU B IMPOTUBOMOJIOKHOCTU
OT BCeX OOBEKTOB CBSI3aHHOE C KMHETUYECKOI
sHeprueii. Jlanee ¢ yuéTOM TOrO, UTO £yl = 1/c?
MbI MOXXeM BbIPAa3UTh 3HAUEHUS] KOHCTAHT 3J1€K-
TPUUECKON ¥ MarHUTHOM IMPOHUIIAeMOCTHU C OTpa-
>KeHMeM [IBMKEHUSI B TIPOTUMBOIIOJIOXKHOCTU B
BUIE:
£ =u/c; Ho = 1/(uc). (1)
C y4éToM Takoro mpeacTaBAeHUs KOHCTAaHT
3JIEKTPUYECKO ¥ MarHUTHOI MIPOHUIIAeMOCTH, a
Takke npu mo=1/c [10], Mbl MOXeM BBIPasUTh
ypaBHeHue (19) B Bue:

(22)

MIPOTUBOIIOJIOKHOCTH CBSI3aHbI C MacCOit B APYyroit
MIPOTUBOMOJIOXHOCTHU. TO eCTh ITyMOBOE 3JIEKTPO-
MarHuUTHOE U3JTyuyeHUe OIpenessieTCsl He CIIOH-
TaHHBIM TIOSIBJIEHMEM M MCUE3HOBEHMEM HEeKUX
BUPTYaJIbHBIX (POTOHOB M3 BaKyyMa, a OIpeess-
eTCcsl TIPOCTPaHCTBEHHO-BPEMEHHBIM VCKPUBIIE-
HueM Ha ocHoBe CTO u OTO DitHIUTeliHA. [leii-
CTBUTEJIbHO, YTOOBI MMETh pellleHye YpaBHEHUS
(22), MbI TO/KHBI UMETh PyHKIIMI0 W BMIA:
W (x,t) = {exp[i(mct + )]}*/? (23)
[ToHSTHO, YTO MBI MMEEM He COOTBETCTBUE C
dyukimeit Jiyu ne Bpoiuisi mjisi oTHeNbHON da-
CTUIIBI, XOTSI UMEEeM 3aBUCUMOCTb OT MacCChl, MO-
Jy4yaeMoit OT ABUKEHUS B IPOTUBOIIOJIOXKHOCTH,
YTO CBSI3aHO C TeM, UTO (QyHKUMST W oTpaskaeT
Tpoliecc ABOHOro AuddepeHIIMPOBAHNS U 3JTeK-
TPOMAarHMTHOTO BOJIHOBOTO ABVXEHUS CO CKOPO-
CTBIO CBETA YKe B Hallleli cucTemMe HabmogeHus. B
TO Xe BpeMs BOJIHOBast GyHKIus JIyn me Bpoiins
CBSI3aHA C JIBIWDKEHMEM 4YacCTUIbl CO CKOPOCTHIO
MeHbIIIei, YeM CKOPOCTb CBeTa ¥ OHa (haKTUUECKHU
xapakTepusyeTcsl yHKIMSIMU B CUCTEMe ypaBHe-
Huit  JIupaka. ITOT Iapafokc OymeT Hamu
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pas3peliéx Mpu OMMCAHUY KOPITYCKYISIPHO-BOJTHO-
BbIX OOBEKTOB uepe3 ypaBHEHME SHeprum OJifH-
LITeliHa ¥ CBSI3aH OH C TeM, YTO 3JIEKTPOMArHuT-
Hasl BOJIHA TIpeCcTaBiseT coboit B3aumMomeincTeme
MIPOTYUBOIIOIOXKHBIX 00beKTOB. COGCTBEHHO HEO06-
XOAMMYIO 3aBYCYMMOCTD OT MacChI C yUETOM (DYHK-
uyu JIyu me Bpoiiist MOsKHO 6GbUIO ObI ITOJYYUTD Ha
OCHOBE BEKTOp MOTEHIMAIOB B MOCIeNHEM yPaB-
HeHunu (17) ipu omHOKpaTHOM nddepeHIMpoBa-
Hun. ODHAKO yKa3aHHbIN BUJ, Yyepe3 BEKTOpP MO-
TeHIIMaIbl He COOTBETCTBYET BUAy auddepeHmm-
aJIbHBIX YpaBHEeHUI B cucTeMe [lpaka, v TI03TOMY
Heo6XOOMMO I0Ka3aTh, KAKMM 00pa3oM MOXKHO
rot H = ¢,0E/0t — iceggradEy;
W noBTOpUM el11€ pa3, UTOo IOsIBJIeH e MHUMOT
COCTaBJISIIONIEN CBSI3aHO C BBIMIOJTHEHMEM IMPUH-
uuna loiiredca-®peHesns M0 OrM6aHMUI0 BOJIHOI
TIPETSITCTBMS HA OCHOBAHMM KOMIIEKCHBIX 3HauUe-
HUI1 3JIeKTPUYECKOM U MarHUTHONM MPOHULIAEMO-
CTU. AHAJIOTMYHBI BUJ MOKHO TTOJTYUYUTDb M HA OC-
HOBe BEKTOp IMOTEHLMANO0B IIpu paBeHCcTBe E;=E; B
cucteMe ypaBHeHMI1 (14), Tak KakK MHOe 03HAYasIo
OBl UTO M3MEHEHMS B TPOTUBOITOIOXKHOCTSIX KOTO-
pble TIpe[cTaB/ieHbl yepe3 A U @ He paBHBbI, UTO
MPOTUBOPEUYUT 3aKOHY COXpaHeHMs KOJMYeCTBa.
OTcroia MbI MOKEM 3alMCaTh:
rotA = —cpograd® — cuy,0A/dt. (28)
Tak Kak B BapMaHTe HAJIUUUS TOJbKO CpeJbl
pacmpocTpaHeHMs], 3apsKeHHbIX YacTUl] HET, TO
Ha OCHOBe ypaBHeHMs (15) BO3MOXKEH eIMHCTBEH-
HbIJi BapMaHT, IMPU KOTOpOM v=c, a A=®/c. Ecnu
y4ecTb, UTO 3HaUeHue @ B grad @ nipu pocnucu B
YACTHBIX ITPOM3BOIHBIX TAKXKe OYIeT BhIPakaThCs
yepes IMPOEKUMI0 Ha BpeMsI (MHbBIX [IPOEKIINIA ITPO-
CTO He OCTA€TCsI), TO B pe3yabTaTe MMEEM ypaBHe-
HMe:
TotA = —pyd®/dt — cuygrad®d,. (29)
B aTom ciiyyae M3MeHeHMUSI B OJHOV MPOTUBO-
TOJIOXKHOCTY pPaBHbI U3MEHEHUSIM B JIPYTOii Mpo-
TUBOMOJIOKHOCTU. DU3UUEeCKU, U3MEHEHMe 3JIeK-
TPOMAarHUTHBIX COCTABJSIONINX B HAIllell CUCTeMe
HabogeHusT BbIpaxkaeTcss 3akoHOM dapames u
ONMCHIBAETCS OOBIYHBIMM YypaBHeHMSIMM Makc-
Besisia. [IOHSITHO, YTO B CWJIy 3aKOHa COXpaHEeHMsI
KOJIMYeCTBa (MHAYe OJHA U3 TMPOTUBOMOJIOXKHO-
cTeli ucuesaeT) Mbl MMeeM CUMMeTpuio dbusude-
CKMX 3aKOHOB B ITPOTUBOITIOJIOXHOCTSIX, UTO U JaJI0
BuUp (29) mJis BeKTOp mOoTeHIManoB. OQHAKO CUM-
MeTpusi PU3UUeCKMX 3aKOHOB B ITPOTUBOIIOIONXK-
HOCTSIX Takke O3HAvaeT, YTO [JISI BBIMOJTHEHWUS
dbusuueckoro - 3akoHa  OrMbGaHMsI  BOJIHOIA

i(V2E — 1/c?0%E J0t?) = —icuograd®, — p,d® /0t + rot A;
icugE = —icupgrad®, — py0d/0ot + rotA.

ITpu sTOM, MeHssT 3HAaK B wieHe grad @ Ha

TepeiiTu OT MpeaCcTaBAeHUs Yepe3 BeKTOp MOTeH-
Maitel K b depeHIMaaIbHBIM YPaBHEHUSIM B CH-
creMe [lupaka, yepe3 KOTOpPbIe OTPaskaeTcsl IBU-
SKeHMe YaCTUIbl KaK KOPITYCKY/ISIPHO-BOJTHOBOTO
06beKTa CO CKOPOCTbIO MEHbIIIEli, YeM CKOPOCTb
cBeTa. Bpile MbI MoOKasany, Kak U3 KJIacCUIeCcKomn
3JIeKTPOAMHAMMKYM Ha OCHOBAaHUM KOMILIEKCHOM
3JIEKTPUYECKO M MAarHMTHOI IIPOHUIIAEMOCTU
MOJTyYalOTCSl YCOBEPIIeHCTBOBAHHbIE ypaBHEHMUS
Makcsesna Buza (7). Ecau npencrtaBUTh yKas3aH-
HYIO 3aIICh B BEKTOPHOM BI/i€, TO MBI IIPU 3aMeHe
B (8) CTOPOHHMX TOKOB Ha IMPOEKILMU JIeKTpoMar-
HUTHBIX COCTABJISIIOIIVX HA BpeMsI TTOTYYMM

rot E = —py0H/0t + icupggradH,. 27

NPensITCTBMS. Mbl B NMPOTUBOIOJOKHOCTU TakKKe
IO/DKHBI MMeThb KOMILJIEKCHbIE 3HaueHUs KOH-
CTAHT 3JIEKTPUYECKOI M MarHUTHOM ITPOHMIIAe-
MOCTM (MHOE MCKJIIOYaeT COBIaJeHMe 3aKOHOB
$busukm), 4To, KCTATH, O3HAUAET IpefCcTaBIeHne
9TUX KOHCTAHT KaK KOPITYCKYJSIPHO-BOJTHOBBIX
06beKTOB. [Ipy 9TOM Tepexof B IIPOTUBOIIOJIOXK-
HOCTb, KaK 9TO GbUIO ITOKA3aHO HAa OCHOBE KOM-
IUVIEKCHOIM MpOHULaeMOCTU B (7) OO/KEH BbIpa-
SKaThCs 3a CYET YMHOKeHMS wieHa grad @, Ha MHU -
Myl enyHULy. MBI BUOMM, UTO ypaBHeHue (29)
NPV YMHOXKEHUM Ha —i BenuuuHbl grad @; 6ymeT
TOJIHOCTBIO COOTBETCTBOBAaTh BTOPOMY YpaBHE-
HMIO B (27) B BUE:
rotA = —p,0® /0t + icuygrad®,. (30)
U 3TO COOTBETCTBYET CUMMETPUM PU3UUECKUX
3aKOHOB B ITPOTUBOTIOJIOKHOCTSIX. Kak 6b1y10 ITOKa-
3aHO BbIllle, B3aMMOJENCTBME YCOBEPIIEHCTBO-
BaHHBIX ypaBHeHMi1 MakcBeiia, ¢ mpefcrabiie-
HMEeM MPOM3BOIHBIX OT IPOEKIMIT HAa BpeMS 3J1eK-
TPOMAarHUTHBIX COCTABJSIIOIINX B BUAE CTOPOHHUX
TOKOB, BBIPa3wioCh B BO3[EMCTBUM OIlepaTopa rot
Ha [Ba MepBbIX ypaBHeHUS B cucteme (8). U ato
B3aMMOJIeNCTBMEe TPUBEIO0 K GopMUPOBAHIIO HO-
BOTO 00'beKTa B BUIE JIeKTPOMATHUTHO BOJTHBI B
COOTBETCTBUM C ypaBHeHUsIMU ['enbmronbiia. Pak-
TUYECKM MbI MMeeM peakIUi0 Ha U3MEeHEeHUS BeK-
TOP TMOTEHUMAJIOB MO 3akKoHY dapajges B Hallel
cucTeMe HAGIIONEHUS B BUIE 3JIEKTPOMAarHmMTHOM
BOJIHBI. A TaK Kak 37IeKTPOMarHuTHbIE COCTaBIISIO-
1Me SIBJSIIOTCS MPOTUBOIOJIOKHOCTBIO K BEKTOP-
MOTeHIManaaM, TO OTCIOAA, KaK U [l TPOeKIMii Ha
BpeMsl, IPOTUBOIIOI0KHOE 3HaUEHME MbI IO/DKHBI
BBIPAa3UTh Yepe3 YMHOXeHMEe Ha MHUMYI0 elu-
HMILY, TaK KaK TOJIbKO AeMCTBUTENbHBIN BUJ, JAET
ob6HyJIeHNe BeJIMUMH, a 9TO 03HavaeT uymeca. OT-
CIOJIa MbI OJIKHBI 3aIIUCATh:

(31

HpOTMBOl'[OJ'[O)KHbe;I 3HaK II0 OTHOIMEHMI K
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BapuaHTy ypaBHeHMS (30), Mbl BbIUMTaHME Me-
HSeM Ha CJIOXKeHMe, YTO COOTBETCTBYeT YCJIOBUIO,
110 KOTOPOMY CJIOKeHMe B OJHOJN IPOTHUBOIIONIOXK-
HOCTY O3Ha4aeT BbIUNMTAHMeE B IPYTrOil IPOTUBOIIO-
JoxkHOCTH. MlHOe OBl 03Hauao, YTo Ipy fepexose
B IIPOTMBOIIOJIOKHYIO CUCTEMY HAOJIIOIeHNSI ¥ HacC
HeT M3MeHeHMnii B GU3NIecKux Ipoieccax, a 3To

i(V2A —1/c?0%A/0t?) = —icuggradH, — u,0H/at + rot E;
icugA = —icuggradH; — uy0H/0t + rotE.

3nmech A — GyHKLMS, KOTOpast OTpaykaeT BOJHO-
BbI€ IMPOLECCHl B MTPOTUBOIOIOXHOCTH C BBITION-
HeHMeM ypaBHeHMs ['esbmrosbia. PakTUUecKu
9TO BEKTOP-MOTeHIMas, TakK KakK B IPOTUBOIMO-
JIOKHOCTY HMYEro APYroro U ObITb He MOXeT B
BOJTHOBOM BM[I€, UTO, KCTATH, IIOKA3aHO U B KJIac-
CUYECKO 3neKTpoguHamMmuke. Y 3To nponucxoauT B
pes3y/ibTaTe B3aMMOAEeCTBUS Ha OCHOBE JBYX YCO-
BepIIeHCTBOBAHHBIX ypaBHeHMIT MakcBesia, KO-
TOpO€E BbIPasuIOCh B M3MEHEHUSIX Yepe3 Impume-
HeHMe K YypaBHeHUSM oliepauuu poropa (rot). Ilo
CcyTu, Ha ocHOoBaHuM (31) 1 (32) MbI BULUM, UTO U3-
MeHeHMs 10 3akoHy Papaness B OLHOV MTPOTUBO-
MTOJIOKHOCTU (POPMUPYIOT U3TydaeMblii KOPITYCKY-
JIIPHO-BOJTHOBOJ OOBEKT B [IPYroii MPOTUBOIIO-
JIOKHOCTH.

Taxk KaK BO3IeiiCTBYE MOKET ObITh IPUMEHEHO
K YeMy-TO PeaJibHO CYIIeCTBYIOIIeMY, TO COOTBET-
CTBEHHO BO3HMKaeT BOIIPOC, @ YTO B PeaJIbHOCTU
MPeACTaB/IsIIOT YCOBEPILIEHCTBOBAHHbIE YpaBHe-
H1sI MaKcBeIa Kak 00beKThI?

YTo6bI OTBETUTD Ha 3TOT BOIIPOC HAZIO BCIIOM-
HUTb CUCTEMY YpaBHeHMI [lupaka, KoTopas I1oJy-
YaeTcsl U3 ypaBHEHUS SHeprum DMHINTEVHA OJ1s
OTMCaHUS IBUKEHUS YaCTUIIbI.

B3sitoe wm3HauvasibHO [MpakoM YypaBHEHME
SHepruu DIMHIINTEiHA MMeeT BUI, KOJIMUeCTBEeHHOM
3aBUCMMOCTY KMHETUYECKON ¥ TMOTEeHUMUATbHOM
SHepIruM OpPyT OT Apyra B craTuke. YToObI mepeiTu
K IMHaMMKe U3MEeHEeHMUI yepe3 KOJINYeCTBeHHbIe

E? =% (P2 + mg*c?)= ¢? Zi:o Zir:o PPy aay,=
=2 ¥iizo =0 PP (@i ty, + a,ay).

YT1o6BI COONIOCTM COOTBETCTBME [AHHOI
GOpMBI  MCXOOHOMY  YPaBHEHMIO  SHEpPIuu
0 0 0 1 0
0 01 0 10
“Zlo 1 0 0]’“2‘[0
1 0 0 O i
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Ilasiee OH BMeCTO pea/ibHbIX 3HAUEHUI dHEp-
TMU Y UMITYJIbCOB BBEJI oriepaTtopsl E 1 p B Buae:
E=ihd/ot, p=-ihV, (37)

—-i 0
0

OTPHULIAET M HajJuuMe CaMUX MPOTUBOIIOIOKHO-
CTeil ¥ UCKIIYaeT popMMpoBaHMe HOBBIX 0ObEK-
TOB IIPM M3MEHEHMSIX.

Tak Kak pu3uueckye Ipoiecchl B IPOTUBOIIO-
JIOSKHOCTSIX Peayn3yioTCsl OJMHAKOBO, TO aHAJO-
rmyHas GopMa 3amnmcy OOKHA ObITh U AJIS 9J1eK-
TPOMArHMUTHBIX COCTAB/ISIOIMX B BUAJIE:

(32)

npeBpalleHuss HaAo TMpefCcTaBUTh YypaBHEHUE
SHeprum DIHIITeHA yepe3 PYHKIMOHAIbHbIE 3a-
BUCUMOCTY MeXAYy obbekramyu Muposganus. C
9TOM 1enbio [Iupak B KauecTBe QyHKIIMIA, Xapak-
TePU3YIMMUX 00BEKTbI MMUPO3TAHMUS, MUCIIOIb30-
BaJI BoJTHOBbIe dyHKIMM Jyu ne Bpoiing - ¥, a Ko-
JINYeCTBEeHHBIE NTPeBpallleHys] B BUe U3MeHeHUN
0603HaUMJI Yepe3 BO3AENCTBME OIEPATOPOB Ha
9™ (pyHKUMKM. TIpM 3TOM OH TOJYYMJI CUCTEMY
ypaBHEHMI U3 3TUX 00BEKTOB MUPO3IaHMs, KOTO-
pble IIpM B3aMMOZENCTBUM Uepe3 IMOACTAHOBKY
OIHMX YPaBHEHUI B ApyTHe JOJDKHBI ObUTM TaBaTh
MCXOAHOE YpaBHEHMEe SHeprum OWHIITENHA, YTO
0becrieynBajio YCTOWNYMBOCTh IIOJYYEHHOM yYa-
CTULIBI-00BEKTA C COOMI0IeHNeM 3aKOHA COXpaHe-
HMSI KOJIMYeCTBa. B 3TOM ciyyae OH MPOBEJ TakK
Ha3bIBAEMYIO «JIMHEapU3alUi0» YPaBHEHUS SHEP-
vy JDViHIITeliHa B Buae [12]:

E=c (P’ + ma*c)V? = c CaxPy), (33)
3pech k usamensetcs ot 0 1o 3; Pi=Moc; P1=P;; P,=P,;
P3:Pz.

IIpu 5TOM MBI UMeeM:
E?=¢? (P*+ mo*c?)= c? Y3 _o Pi Py (34)
YT06b! YCTAHOBUTD, KAKUM YCIOBUSM J0JIKHBI
YIOBJIETBOPSTDH BEJIMUMHBI k, C YIETOM pa3jioxKe-
HUSI YPaBHEHUSI SHEPTUM DVHIITEHA Ha CUCTEMY
Havya/IbHBIX YpaBHEHMI B AMHAMMKe uyepe3 PyHK-
MM, BO3BeOEM 0b6e yacTu cooTHouieHus: (33) B
KBajpar.

(35)

JiiHIITelViHA JUpaKk MCIOJb30BI MAaTPULIbl [JIST
pasyokeHus:

0 0 —i
0 i

)

0 (36)

0
0
0

0 -1
CoOTBETCTBEHHO 3TM OMEepaTopbl OH MpUMe-
HWJI K HEKVM BEPOSITHOCTHBIM BOJHOBBIM (DYHK-
uyam ¥ B cucteMe ypaBHEHMIA:

0

0

0
0
0
-1

S O O
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(E -moCz)lp1 —C(PX—iPy)‘P4—CPZ‘P3=O,
(E—mocz)‘}’z—c(PX+1'Py)‘P;+cPZ‘P4=0,

(E+mOC2)q"3-C(Px-ipy)q"z-CquJ1=0,

(38)

(E+moCZ)q"4-C(Px+l.Py)lp1+Cqu"z=0.
B nuddepennnanbHOM IpeCcTaBIeHUy YKa3aHHas CUCTeMa OYIeT BhIIJISeTh:

oy ) 0 .0 LD
(lha — myC )q"1+ C(lha +h£) qJ4+Clh£ ‘P3—0,

oy ) L0 L0 D
(lha — myC )\P2+ C(lha _ha) Ws- Clha ¥,=0,

.2 0 .2 0 a .2 0
(lha + mocz)lp3+ C(lha +h5) ‘p2+ Clha q"1=0,

(39)

D ) L0 L0 D
(lha + myc )1{14+ C(lha —ha) W, - Clha ‘{12—0.

B cooTBeTCTBMM C K/IACCUKOV KBAHTOBOM Mexa-
HMKMU 3Ta cUCTeMa ypaBHeHu [lupaka mipu macce
MMOKOSI paBHOM Hymw me=0 mpeBpamiaeTcsi B

BOJIHOBbIE YpaBHEHMS HEMITPUHO U aHTUHENTPUHO
(puc.).

mnpaBasi MaTepus

TTpaBoe =

ar ITI'IIIeﬁTpHHO

BG

/ \ ~ [IlpaBoe
\%

HEHTpHHO

JleBoe
AHTHHEHTPHUHO

~ Jlesoe
HEHTPUHO

ol
ol

JIEBast MaTCpust
Puc. HeiiTpuHO U aHTMHENTPUHO

[ToHSITHO, YTO TIOHSITME MaTepuy He MMeEeT B
TEOPUM HUKAKOTO (U3UYeCcKoro 06OCHOBAHMS,
TaK Kak He MMeeT MaTeMaTUUeCKOTO OIMMCAHUS C
HaJaM4yMeM KOJIMUeCTBa, U OHO CBSI3aHO C HETIOHU-
MaHMeM YYEHBIMU MPOUCXOASIINX B MUPO3TaHUA

rpoueccos. [Ijis onyucanus HEMTPUHO U aHTUHEN -
TPVHO MCIIOJIb3YeTCSl YpaBHEHME C ABYXPSAIHBIMU
Matpuriamu Ilaynu (ypaBHeHue Beiiens), nu6o
ypaBHeHMe [lupaxka, paciieruisionieecs Ha 1Ba He-
3aBMCUMBIX ypaBHeHus [13].

.2 0 .2 0 d .2 0
lhE l'p1+ C(lha +h£) W4+Clh£ “I”3 :0,

.2 0 .2 0 d .2 0 _
lhE l'p2+ C(lha —ha) lp3- Clha l'p4—0,

.2 0 .2 0 a .2 0 _
lha lp3+ C(lha +h£) l'p2+ Clha LP1—O,

(40)

.2 0 .2 0 a .2 0 _
lhE l'p4_+ C(lha —ha) lpl- Clha lIJZ—O.

MpbI BUAMM, YTO OT/INYMS MeXAY IEPBOVL U BTO-
poii mmapoii B cucteme (40) TOJIBKO B 0603HAUEHUA
dbyakumit. IIpy 5TOM MBI He MOXEM OCTaBUTb
npexkaue o6o3HaueHuss QYHKIUMA, OTPasKaOUUX
COCTaBHbIe OOBEKTDI, TAK KaK HETPUHO U aHTU-
HEMTPUHO OTPaXKalOT 0OBEKTHI, JBUTAIOLINECS CO
CKODOCTBIO CBeTa, UTO KOHEUHO IoJpa3ymeBaeT
MHOE B3aMMOJe/iCTBME COCTABHBIX 0OBEKTOB, KO-
TOpOe GbUIO JIJIST YaCTULIBI M3HAUYAIBLHO, MHAUE OBl

He ObII0 M3MeHeHMit. Tak Kak pacrpocTpaHeHue
HEMTPUHO U aHTUHENTPUHO MPOUCXOLUT CO CKO-
pPOCTBIO CBeTa, TO TMOHSTHO, UTO B 3TOM Ciyyae
BOJTHOBBIE (DYHKIIMY MOTYT OBbITh TOJIBKO 3JIEKTPO-
MarHUTHbIMU QyHKIMsIMU. OTCIO/la CpaBHUM Ha
COOTBETCTBME BTOPOTO U UETBEPTOTO YpaBHEHUS
cuctembl (40) ¢ BUAOM YCOBEPIIEHCTBOBAHHBIX
ypaBHeHMI MakcBesa:
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0H, . 0H, _0OE, 0F,
bomgy TH oy T8y T oz’
oHy, . 0H,_0E, 0
Hogp it G =5 " o
e O OE, OE:
%9t %9z  ax ay’ 4l
OE, . 0OH, 0H, 0H, (41)
S0t Ty Ty T oz
OB, . 0H _0H, 0H,
o ot a9y = 0z ox’
%9 9z  ax dy’

To ecTb MbI MOKEM MpPeACTABUTh BTOPOE U YETBEPTOE ypaBHEHME B cucTeMe (40) aHAJIOTMYHO ypaBHe-

HUAM (41) B Buze:

ihiqﬁ - chi w,+ cihiwz - cihiwfo

(42)

lh Ch l'p3+ Clh lp4 - Clh ‘le_

CoKpaTuB Ha IMOCTOSTHHYIO HnaHKa h, n YMHOX(I/IB Ha —I TOJTY4IVM:

l{’1+lc ‘P1+ Cor
E‘P3+lc£q’3+c

5}
qu‘l - CE‘P‘L - 0.

7]
LIJ2 ¢ ¥,=0,
(43)

NHbIMU CJIOBaMM, MbI MMe€eM IBad MOEHTUYHBIX YPABHEHMS, KOTOpPbIE€ MOI'YT TOJIbKO OT/JIMYATbCA 4yepe3
QJYHKLU/II/I. O,ELHaKO, €C/IM UCXOAUTDb U3 YCOBEPIIEHCTBOBAHHBIX ypaBHEHI/Iﬁ MaKCBeJII[a, TO MbI MO>X€M UX BbI-

Pa3nUThb Kak:

lpl = goE,CqJZ =H= CE,

W =p H=

WHbIMM cjioBaMM Mbl MojiyuyaeM (u3suueckiue
aHayjioru peanmsanuii pyakuuit ¥; u ¥;, a Takke
Vs n W4, BoIpaskeHHBIX Uepes peajibHble 3JIeKTPO-
MarHMUTHbIE COCTABJISOIIME 110 (41) C yUETOM KOH-
CTAHT 3/EKTPUYECKOV ¥ MarHUTHOM IMpOHUITae-
MOCTH, TO €CTb COCTOSIHMUSI Cpelibl. OTO O3HAYaer,
YTO YCOBEpLIEHCTBOBaHHble ypaBHeHMs1 Makc-
BeJUIa OTPasKaloT peasibHble 00bEKTHI B BUJIE JJIeK-
TPOHHBIX M MIOOHHBIX HEWTPUHO U aHTUHEeN-
TpuHO. CO6CTBEHHO 3TO 06bACHSIET 3PdHEeKT aHHU -
TWISIIUY 37IeKTPOHA U TTO3UTPOHA, KOTOpbIe OIu-
ChIBAIOTCS CUCTEMOJ ypaBHeHUs [upaka ¢ momy-
yeHyreM (GOTOHOB. [TOHATHO, YTO ,ZlaHHbIﬁ B(b(beKT
il}fl ‘{’4 + €3
at

a
;l{% l'pz‘l'C

OJTO CBSI3aHO C TeM, UTO B CUCTEMe ypaBHEHUI
Hupaxa (40), ypaBHeHUS] He MOTYT UMeTb UAEH-
TUYHBIN BUJ, TaK KaK B 3TOM C/Tyyae MPOUCXOIUT
accolMaTUBHOE CJIOKeHMe 6e3 B3auMOMeiCTBHUS.
PasHuila B 3HaKax MeXAy ypaBHEHUSIMM, MOKHO
XapaKTepM30BaTh KaK pe3yabTaT yuacTus B ¢Gop-
MMUPOBAHMUM MACChl TOKOSI HEMTPUHO U aHTUHEN-
TPUHO, KOTOPbIe Mbl BUAUM TIPU pacliajie YacTull,
a HamMumMe 0O6PATHO-TPONOPIVOHATBHON CBS3U
MeXny (QYHKIMSMM KaK ITPOTMBOIIOJIOKHOCTEN,
TOKa3aHHass B KBAaHTOBOM MexaHuke [14]

1
(cs )E’'

Y, =c¥, = E. (44)
TIpeBpaleHNsI MOKET OBbITh CBSI3aH TOJIbKO C B3aW-
MOJECTBMEM  JJEKTPOHHBIX U  MIOOHHBIX
HEMTPUHO U aHTUHENTPUHO, TaK HUYEro MHOTO U
HeT. Kpome Toro, Mbl umeeM (pu3nUeCKUit CMbICT
pasnmuumnii Mexay 3JeKTPOHHBIMU HEMTPUHO (aH-
TUHENTPUHO) ¥ MIOOHHBIMM HEMNTPUHO (AaHTUHE -
TPUHO) 33 CYET KOHCTAHT 3JIeKTPUUECKOI U Mar-
HUTHOI TIPOHULIAEMOCTY 6e3 BbIIyMbIBAHMS Jie-
BOJ U TIpaBOii MaTepuu IO PUCYHKY. IlepBoe u
TpeTbe ypaBHeHMe B cucteme (40) oTamMyaeTcs OT
BTOPOTO ¥ YETBEPTOTO YPAaBHEHMUSI B ITO CUCTEME
3HaKOM CJIO)KeHMSI BMECTO 3HaKa BbIUMTaHUS, KO-
ToprZ 0603Havas poTop (rot) B BUIE:

LP4 t ey, ‘P3 =0,
‘{’2+c;‘{’1=0. 45

XapakTepusyeT pasauuue B BUJe 3JeKTPOHHBIX U
MIOOHHBIX HEMTPUHO (AHTUHEMTPMUHO). DTO pas-
JMYye CBSI3aHO C ABMKeHMEM 00BeKTOB B IMPOTH-
BOTIOJIO(KHOCTU UM TaKKe eCTb Ha MpakTUKe IMpu
pacnaze yactuil. [IoHATHO, UTO 3TOT HAOGOP JIeK-
TPOHHBIX ¥ MIOOHHBIX HEMTPUHO U aHTUHENTPUHO
obecrieurBaeT 3aMKHYTO€E B3aMMOIEICTBME B CU-
cTeMe ypaBHeHMIT [Iupaka ¢ cob/IoieHeM 3aKOHa
COXpaHEeHMsI KOJIMYeCTBA B COOTBETCTBUU C ¢op-
MYJIOI ypaBHEHUSI SHEprum IDMHINTENHA U OTpa-
J)KaeT [OBVOKYIIYIOCS YacTUIy (KOPIYCKYJISIPHO-
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BOJIHOBO# 0OBEKT).

Takum 06pa3soM, uYepe3 YCOBEPIIEHCTBOBAH-
Hble ypaBHeHMsI MakcBesisia Ha OCHoOBe (8), rame
MPOeKIMM Ha BpeMsl 37IeKTPOMarHUTHBIX COCTaB-
JISIOIIMX 3aMeHEeHbl IVIOTHOCTbI0 CTOPOHHUX TO-
KOB, C YYETOM B3aMMOZENCTBUS yepe3 oIepamuio

i(V2H — 1/c?0%H/0t?) = —iceograd®, — £,0® /0t + rot A;
icegH = —iceggrad®, — £y0® /0t + rotA.

rot mosy4aeTcs IpefCcTaBlieHye 3IeKTPOMarHuT-
HOJI BOJIHBI C TIOJUMHEHMEM ypaBHeHUsIM ['esbM-
ronpiia vepe3 (YHKIUM BEKTOpP ITOTEHIMAIOB
(uHOe McKIIoYaao 6bl CBSI3b IPOTUBOIIOJIOXKHO-
CTeit) O MAarHUTHOM HaNpPSDKEHHOCTU TIOJS
BOJIHBI B BUJIE:

(46)

U nnst BJIEKTpI/I‘-IeCKOI'/JI Hal'[pH)KéHHOCTI/I I10J11 BOJIHBI B BUIE:

i(V2E — 1/c?0%E /0t?) = —icupgrad®, — u,0®/dt + rot A;
icugE = —icupgrad®, — py0d/ot + rotA.

(47)

C y‘léTOM CMMMETpUn d)MBM‘lECKI/IX 3dKOHOB B ITPOTUBOIIOJIOXXHOCTSX MbI OOJDKHBI 3aIllMCaTb BUO IJIsA

BOJIHBI OT BEKTOP IIOTEHIIMaJia @ Kak:

(V2D —1/c?9%®/0t?) = —icuggradH, — uy0H/dt + rot E;
icug® = —icupgradH, — u,0H/0t + rotE.

W 7151 BUIA BOJIHBI OT BEKTOP MOTEHIMaIa A KaK:
i(VZA —1/c?0%A/0t?) = —icupgradE, — uy0E/dt + rot H;
icegA = —iceggradE; — €,0E/0t + rotH.

Mkl 3HaeMm, 4TO ypaBHeHMd [Jypaka BbIBOLSATCS
U3 ypaBHeHUSI sHeprum JiiHIITelHa. [Ipu sTOM
cBsI3b GyHKIMI JIMpaKa C 3JIeKTPOMarHMTHBIMU
COCTaBJISIIOIIYMM HaMM YCTaHOBJIEHA, TaK KakK 1Py
Macce IOKOSI PaBHOM HYJII0 Mbl IIOJy4yaeM, 4TO
byHKIIMM  yCOBepIIeHCTBOBAHHBIX YpaBHEHUIA
MakcBesia COOTBETCTBYIOT (DYHKIMSIM ypaBHe-
Huit upaxka. OTCiofa eCTeCcTBEHHO IIpenIioso-
KUTh, UTO WCIIOJIb30BaHME 3JIEKTPOMArHUTHBIX

(43)

(49)

GbyHKUMI B cucTeMe ypaBHeHMI [IMpaka Takke
IOJDKHO MPUBOIUTb K COOTBETCTBUIO YPAaBHEHUIO
SHeprumu JVHIITENHA, TeM 6ojiee, YTO OOBEKTHI,
IpY B3aMMOZENCTBUM C [PYTMMM OOBEKTaMH,
OIMCBIBAIOTCS 3JIEKTPUUECKUMMU U MaTrHUTHBIMU
coCTaBasIOIMMHU. [Ipy YMHOKeHUM Ha MHUMYIO
eIVHUILY | ypaBHeHMIT u3 cucteMbl Jupaxa (39)
ToJiyyaeM BUJ:

Ro ichlw _chlw _ chl W =im. c?
hat‘{’1+lchaylp4 Chaxly“ chazq’g imgc*¥;,

a Y] a ] L,
-h— — — —ch—WY.,+ch— V¥, =
hatkpz lchaykP3 Chax‘P3 chaZ‘P4 imgc*¥,,

R ichl W, — chlw — chl W =—im.c?
hatqf3+lchay‘{12 chax‘}’Z cl‘1az‘}’1 imyc*¥s,

(50)

a . .0 d a L,
_h=— - = — ch=—W. +ch— Y. =—
hat‘P4 lChay v, Chax W, Chaz Y, =—imyc*Y,.

AHa/JIOTMYHO MBI MOKEM BBITIMCATh HW)XKHME YPaBHEHUS B YaCTHBIX NPOM3BOAHBIX U3 (48) n (49) c nipen-

CTaBJIEHMEM COBIIageHMS 110 3HaKaM :

-0H,/0t+icOH,/0y-1/1100E./0x-1/100E,/0z=ic®;

-0H,/0t-icOH,/dy-1/100E./0x+1/100E/0z =ic®;
-0E,/0t+icOE,/0y-1/e00H,/0x-1/€00H,/0z=-iCA,

(51)

-0E,/0t-icdE,/0y-1/e00H/0x+1/€00H,/0z =-icA.

[Tpu aTOM, TIEpBOE U TPeThe YpaBHEHME 110 3HA-
KaM He COBMAJAIOT C ypaBHEHUSIMU IBA U UeThIpe,
YTO TOBOPUT 06 MHOM IOPSIAKE B3aMMOIECTBUS
COCTAaB/ISIIOIINX, TaK KakK B IPOTUMBHOM cCJIydyae
6bLIO OBI ACCOIMATUBHOE CJIOKEHME MUY BBIYMTA-
HMe.

SIcHO, 4TO TpU CpaBHEHMM CUCTEMBI ypaBHe-
Huit Iupaka (50) 1 cuctemsl (51) Ha OCHOBE 3J1€K-
TPOMArHUTHBIX QYHKIMII HEOOXOIMMO TMOKa3aTh
UIEHTUYHOCTh (PYHKLMI, TaK KaK caM BUJ ypaB-
HeHUi1 coBnagaeT. CneayeT OTMETUTD, YTO BOJTHO-
Bble dyHKUMM JIyu ne Bpoiuis B cucteme ypaBHe-
HMUit JlMpaka M 37AeKTpOMarHuTHble (QYHKIUM B

(51) coBmanmyT AUIIb B TOM CJIyyae, eCyiM Kaxkmoe
ypaBHeHMe B (51) paccMaTpuBaeTcss B CUCTeMe
HaOJTIOIeHYST aHAIOTUYHOI TO¥, KOTOPast UCTIONb-
syercs upakoM. HbIMM Cl10BaMM, 37€KTpOMar-
HUTHBIE COCTABJISIONME, aHAJTOTUIHO QYHKIMUIM
Jlyu ne Bpoiinsi, LOIKHBI OTpaskaTbCs B CUCTEME
ypaBHeHMIt [Ipaka Kak IpOU3BOLHbIE OT Pa3HbIX
IepeMeHHbIX N0 KOOPIMHATaM [JJIMHBI 4 3Haue-
HUMIO BpEMEHMN. MpbI mTOKaxkeM 3TOT repexon Hixe.
BunHO, 4TO AJI TOTO, UTOOBI TPUBECTYU QDYHKLINY B
(51) k eguHOOOPa3HOMY BUIY, Kak B (50) Hamo 1mo-
MeHSITh 3HaueHusi Er Ha Hr, U HAaob60pOT. ITO
MOXHO CcIelaTb, €ClIM YYeCcTb pasHully Ha
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KOHCTAHTbI 37IeKTPUUECKOI M MarHUTHOM IIPOHU-
11aeMOCTel B cpefie M0 KOOpAMHATAM AJMHBI, UC-
X0ns U3 paBeHCTBa H, = gycE; n E; = HO(CZ/C)HD
TO €CTh — 3TO CBSI3b, KOTOPAs JOJIKHA ObITh B IIPO-
TUBOTIOJIOKHOCTM MEXIY MOABWKHBIM U HeIo-
IBVKHBIM 00beKTOM 110 CTO ¢ y4ETOM OTCUYETA OT
CUCTEeMbI KOOPAMHAT, MepeMeIlaloleiics CO CKO-
pocThbio cBeTa. [leiicTBUTE/IbHO, B COOTBETCTBUM C
dbopmynoii (21), umeem g, = u/c; py = 1/(uc), uB
srom cnyvyae H=uE, wu E=1/uH, rtoe u

ompepensetcst o dhopmyiie (20), 1 CBSI3bIBAETCS C
VHTErpaJIbHOM YCPeAHEHHOM CKOPOCTbHIO, Xapak-
TepU3YIOIIE KUHETUYECKYIO SHEPTUIO OOBEKTOB B
MIPOTUBOIIONIOKHOCTH. TaK Kak y HaC CMMMeTpUY-
Hble MpeoOpa3oBaHusa Mo Gopmynam (46-49), To
IJIS1 BEKTOp TMOTeHI[MAJIOB MPU MPOeKIMM UX Ha
BpeMsl, Mbl 6yJIeM MMETb aHaJOTUUHbIE TIpeobpa-
30BaHMs, TaK KakK MeEHSIeTCSI TOJIbKO CUCTeMa
HaOJII0eHNs, @ 3aKOHbI (PM3UKM OCTAIOTCS Te SKe.
OTciofa BepHbI YpaBHEHMS :

-0H,/0t +ic?e00E,/dy - 1/100E+/0x -1/100E,/0z=ic®;

~0H,/0t i c?e00E,/dy-1/1100E./0x +1/p00E,/dz=ic®;
-0F,/0t+ic*o0H,/dy-1/200H,/0x -1/200H,/0z=—icA;

(52)

-0E,/0t-ic?uo0H,/0y -1/00H,/0x +1/00H,/0Z =—icA.
Ec/n yuecTs, UTo oy = 1/c¢2, TO MOMYUUM CIeIYIOLINIA BI YPaBHEHMIA:
-0H,/0t +i/po0E,/dy -1/100E/0x -1/100E,/0z=ic®;

-0H,/0t -i/100E,/dy-1/1100E+/0x +1/100E,/dz=ic®;
-0, /0t+i/e00H,/0y-1/e00H,/0x -1/200H,/0z=—icA;

(53)

-0E,/0t-i/e00H,/0y -1/€00H,/0x +1/€00H,/0z =—icA.

Mbl BUAMM, YTO MepBbie B YpaBHEHUS B CU-
creme (53) OTIMYAIOTCSI TIO JIEKTPOMArHUTHBIM
(OYHKIIMSIM OT MOCIeIHUX IBYX, a IS TIpeiCTaBe-
HMS B BUe CUCTeMbl ypaBHeHMI Jypaka c moaum-
HeHMeM YpaBHEHUIO0 SHepruym ONMHIITeMHa UX

HaJ0 NIPUBECTU B OJMHAKOBBIV BuJI,. C 3TOI 11eJ1bI0
KOHCTAHTBI 3JIEKTPUYECKOM M MAarHUTHOM IIPOHU-
1[aeMOCTH B COOTBeTCTBUMU ¢ popmyoit (21) npe[-
CTaBMM B BUJIe HEKOTOPOI1 001Ieil mepeMeHHO U
M TOTJa CHCTeMa ypaBHeHuii (53) mpumeT BuUp,:

-0H,/0t +icuoE,/dy -cudE,/0x -cudE,/dz=ic®;

-0H,/0t -icudE;/0y-cudE,/0x +cudE,/0z=ic®;
-0E,/0t+ic/udH,/0y-c/udH,/0x -c/udH,/0z=—icA;

(54

-0E,/0t-ic/udH,/0y -c/udH,/0x +c/udH,/0z =—icA.

YuuteiBas CBSI3b MEXOY SJIEKTPUYECKUMU U
MAarHMTHBIMU COCTaBIASIOIMUMU B Buae H=cE (3TO
M3HauvaJbHas CBSI3b MeXay

MIPOTUBOIIOJIOXKHOCTSIMM 4epe3 CKOPOCTb CBETa
6e3 yuéta CTO, TaKk Kak HeT 3apsiioB B IIPOCTPaH-
CTBe) Mbl MOXXeM 3aIucaTh:

-0E,/0t +iudE,/0y -udE,/0x -udE,/0z=icA;

-0E,/0t -iudE,/0y-udE,/0x +udE,/0z=icA;
-0E,/0t+ic?/udE,/dy-c*/udE,/dx -c*/udE,/0z=—icA;

(55)

-0E,/0t-ic*/udE,/dy-c*/udE,/dx +c*/udE,/dz =—icA.

ITpu sTom B (55) cumTaem, YTO BEKTOP IOTEeH-
LIyanbl TakKe CBSI3aHbl Yepe3 CKOPOCTh CBeTa
(CBOVICTBO CMMMeTpUM TIpU HAGTIOJEeHUM U3 TIPO-
TUBOIIOJIO)KHOCTM OTHOCUTENBHO TOM CHUCTEMBI,
rae H=cE), Tak Kak Mbl elllé He MMeeM MpeacTaB-
JIeHUSI KOPITyCKYJISIPHOTO o0beKkTa npu audde-
peHLMPOBAHUM 3IeKTPOMArHUTHBIX QYHKLINIL ue-
pe3 3HaUeHKe CKOPOCTHU B Hallleil cucTeme HaOIIO-
IeHus:

D=cA. (56)

VuuThIBas, UTO B CUCTEME YpaBHeHMSIX [Iypaka
Ko duimeHT npu BOMHOBOI GyHKIMKM ¥ 6e3
Ha/IMUMSI TPOU3BOIHOM OTpaykaeT IHEPTUIO MacChl
TIOKOST My =1/C, TO MbI MUM€eeM CBSI3b B Buze moc> ¥
=c¥. COOTBETCTBEHHO 3TO yCJIOBME OYAET BbITIOJ-
HATBCS, ecn A=E. To eCTb, B JaHHOM CJIy4ae Mbl
BBIOpaIM BapMaHT CUCTEMbI HaOIOAEHMs, KOraa
BEKTOp MoTeHIMan A oTpaskkaetcs yepes E. B utore
uMeeM:

-0E,/0t +iudE,/dy -uoE,/0x -udE,/0z=icE;

-0E,/0t -iudE,/dy-uodE,/0x +udE,/0z=icE;
-0E,/0t+ic*/udE,/dy-c*/udE,/0x -c*/udE,/0z=—icE;

(57)

-0E,/0t-ic*/udE,/dy-c*/udE,/0x +c*/udE,/d0z =—icE.

B sToM ciyuae, 1o aHajIo0TuM C CUCTEMOM ypaB-
HeHmuit [Jlupaka, Mbl TIOAy4yaeM, UTO [MIpU

HavajabHbIX GYHKUUSX E, Ex, E,, E; E; MbI TO/KHBI

YOOBJIETBOPUTDH ‘IETpréM YpaBHEHUSAM  IJIA
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COOTBETCTBUS YPDaBHEHMIO SHEpPruM ODJHINTelHa.
OpHako, 3TO BO3MOXXHO TOJBKO B TOM CiIyd4ae,
ecyI B K&XIOM M3 ypaBHEHUi (CuCTeMbl HabIo-
neHust) 3HaueHust QyHKIuit (00bekTOB) Ey, Ey, E,, E;
BBICTYIIQIOT B KauyeCTBe 3HAuUeHMH M3MeHSeMbIX
IlepeMeHHbIX, OTHOCSUIMXCS K Pa3HbIM CUCTEMaM
NIpesiCTaBIeHNsI CUCTeM KOOPIMHAT, U OTPaKaroT
pasuble GyHKIMK Buaa Wi u Wy, a Takke Wz u Wy,

W=E\={Ex, Ey1, Ez1, En}, Y2=E2={Ex, Eys, En, En},
Ws=E3={Ex, Ey3, Ez, Ez}, W4=Es={E\4, Eya, Ez4, Ea}.

B 9Tux QYHKIUSIX HAMPSKEHHOCTD 3JIeKTpUYe-
CKOTO IT0JIS € IpoeKiueil Ha BpeMs E; B pe3yiibTaTe
MpUBEIEHUS K eAMHO0Opa3HOMY BUOY CTasla Ur-
patb poib GyHRuMii Eyy, Eys, Eys, Eys. 9TO O3HAYAET,
YTO IpeACTaBIeHMEe 00bEKTa ¥ KOMITIOHEHT 3aBU-
CUT OT CUCTeMbI HAOIOAEHNS, UTO U OIpeesseT
Hajauyye MpoTUBOIONOXHOCTel . COOCTBEHHO 3TO
yCJIOBME YyKe IPaKTUUeCcKu ObUIO YCTaHOBJIEHO,
KOTJla B 3aBMCUMOCTM OT CHUCTEMbI HaOIIOIeHMS
OIpenensieTcs MpeCTaB/lIeHNe 3JIeKTPUYeCKUX "
MarHuMTHbIX KommoHeHT, a CTO u OTO OiiH-
HITeiiHA YTBepPAWIO Mpeobpa3oBaHue IJIUHBI BO
BpeMsI ¥ HA000POT. A 3TO U O3HAUaeT, YTO B 3aBU-
CMMOCTY OT CUCTEMbI HAGIIOAEHMS OfHA U Ta JKe

Kak 3TO IIPUHATO B CUCTeMe ypaBHeHUi1 [lupaka. B
9TOM cJiyyae 3HaueHus1 GYHKIUIA — 00beKTOB E,,
E,, E,, E; UMeIOT IIpeCTaBIeHMe 10 BCEM YEeThIPEM
KOOpJAMHATaM, TO eCTb [OJTHOCTbIO OMpeeisioTCs
B MIPOCTPAHCTBE U BpeMeHU U He UMeIOT He3aBU-
CMMOCTHU OT IMPOCTPAHCTBA ¥ BpPEMEHN.

B urtore meem pasyiokeHue IO KOOPAVHATAM,
rJle BOJIHOBbIE DYHKIIMY UMEIOT BUT:

(58)

KOMIIOHEHTa OTpaskaeT pa3Hoe IpejcTaBjeHue.
@aKkTUYeCKM Mbl MMEEM 3aMKHYTOe B3auMOJeil-
CTBMe YeTbIpeX 00BEKTOB (AaHAJIOTMUYHO 3aMKHY-
TOMY B3aMMO/IeJ1CTBUIO [0 KOOpAMHATAM JJIMHbI U
BeJIMUMHEe BpPEMEHM B MHBAPMAHTHOI (Gopme) C
OTPasKEHMEM ITUX OOBEKTOB B MMPOCTPAHCTBEHHO-
BpeMmeHHOI cpene. IlpencraBum 3Tu QYHKIUK
QHAJIOTMYHO BOJHOBBIM GyHKUMSM IlIpémnuHrepa
[15], HO 6e3 HOPMMPOBOYHOTO KO3(pduimeHTa B
Bue nocTosiHHoi [naHka:
Y(t,r)=exp[-i(Eit-Pwx-Pyy-E.z)|=exp[-i(Et-Pr)]. (59)
B atom ciyuae ypaBHenmst (57) pacnuiiem 1o
(YyHKIIMSIM B COOTBETCTBUM C cucTeMol [Iupaka B
BUZE:

-0W,/0t-ic¥; +iudW,/0y -ud ¥,/0x -ud¥s/0z=0;

-0¥,5/0t -icWo-iud¥s/dy-uo¥s/ox +ud ¥./0z=0;
-0Ws/0t+icWstic?/ud Wo/0y-c?/ud Ws/0x -c?/uo¥,/0z=0;

(60)

-0W,/0t+icW-ic?/udW,/0y-c>/ud¥;/0x +c?/ud ¥,/0z =0.
C yuétom omepaiiuu auddepeHinpoBanms mo ¥ nMeem:
i(E-C)l{Jl-iUPXqJ4-UPyl*IJ4-iMPZ“I"3:0,

l(E —C)‘Pz—iuPX‘P3+uPy‘P3+iuPz‘P4=O,
i(E+C)Ws-icY/uPy\¥2-c%/uP,¥,-ic*/uP,¥ =0,

(61)

i(E+C)Ws-icY/uP¥+c%/uP¥ 1 +ic%/uP,¥,=0.

Ianee yMHOXXaeM ypaBHeHMs Ha —i:

(E-C)lyl —uPXl{J4+iuPyl{J4—uPZLP3=O,

(E -C)lyz-MPXW3-iUquJ3+LlPZ“I"4:0,
(E+0)¥s-c%/uP¥o+ic’/uPy¥,-c?/uP,¥:=0,

(62)

(E+C)¥4-C%/uP¥:-ic/uP,¥ +c?/uP,¥,=0.
C y4éToM BbIpaKeHUSI OgHMUX QYHKIMI Yepe3 ApyTue s CBOOOIHOM YacTUIIbl 6€3 BHEIIHETO 3JIeKTPO-

MAarHmMTHOTIO IT0JIA IMMoJIydyaeM:

‘P1=(uPX‘P4—iuPy‘P4+uPz‘{’3)/(E— C),

le:(UPXLps"'I'UPprs-l,lpzlp4)/(E- C),
Wi=(c?/uPW,-ic’/uPy¥y+c?/uP,¥)/(E+c),

(63)

W=(c/uPy Wi+ic?/uP,¥-c*/uP,¥,)/(E+c).
Harnee moacTaBisseM OfHY (PYHKIMY BMECTO IPYTUX, UTO COGCTBEHHO U XapaKTepusyeT B3auMO/IeiicTBIe,

" COKpalraemM HO,Z[O6HbIe YJIEHBbI:

lp1=C2[PX(PXqI1+iqu11 -le'pz)-ipy(lep1+iPylP1-leP2)+

+P(PW,-iP\W+P, W )]/[(E-c)(E+0)],
1P1=c2[PX2lP1+iPXPyl{Jl- Pxlepz-iPyPXlP1+Py2ly1+iPszlyz+

(64)

+P.PW,-iP.P,W,+P. ¥ )/[(E-c)(E+0)].
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ITpu my=1/c, monyyaem ypaBHeH)e KOPITYCKY-
JISPHO-BOJTHOBBIX OOBEKTOB COOTBETCTBYIOIIETO
BO3BeAEeHMIO (OPMYJIbI SHEPIMM ODIHIITEiHA B
KBajJpare:

(Ez-m02C4)lp1=C2(szlp1 +py2lp1+P221p1). (65)

[Tpu B3SITMM KBaAPAaTHOTO KOPHS M3 06enx ya-
cTeii ypaBHeHMsI (65) mosiyyaeM ypaBHEHME SHEP-
TUU 7151 OTHE/bHBIX YaCTUI] B BUZE:

EY2=%[mec*+c(P+P2+PA] 29, 2. (66)

IIpu cpaBHeHUM C (23) MBI BUIUM, UTO (PYHK-
uns W12 coorBercrByet byHKIMM W, 11 3TO 03Ha-
YaeT, YTO KOPITYCKYJISIPHOE IBVDKEHME B BUZE IIPO-
TUBOIIOJIOKHBIX YaCTUI] (3apsiLOB) B OOHOM IPOTU-
BOIIOJIOKHOCTM ONMCBHIBAET 3J€KTPOMarHUTHOe
U3yYyeHMe B APYTo¥i IPOTUBOIIOIOKHOCTH.

Cokpaiast Ha BOJIHOBYIO (DYHKIIVIO, TTOTyYaeM
YpaBHEHMe SHepruy JDVHIITeNHa O YaCTULbI B
YMCTOM KOPIYCKYJISIDHOM BUTE:

E=t[moc*+c*(P? +P?+P7)|"2. (67)
AHaIOTMYHBIN pe3yabTaT Mbl MOKEM ITOJTYIUTH
¥ IJIS1 IPYTYX BOSTHOBBIX (DYHKIIMI, KOTOPbIE OTOO-
PasKaloT MHbIE CUCTEMbI HAaGIIOHeHUs. 31eCh Ce-
IyeT OTMETUTb, YTO MbI B COOTBETCTBUMU C (67)
rMeeM (DaKTMUECKM OTpakeHMe 3apsifa YacTUIIbI
3a CYET 3HAKa, TO €CTh IO (67) XapaKTepusyeTcs
IBVDKEHME 3JeKTPOHA WM Mo3uTpoHa. OpHaKo
KaK OBITb C ONMCAHMEM TAKMX YACTUI] KK MTPOTOH
M aHTUIIPOTOH, KOTOpble TakKe IMPUCYTCTBYIOT
MIpM B3aMMOMENCTBUSAX? 34eCh CAeAyeT BCIOM-
HUTb, 4TO B (57) Mbl BbIOpanu BapuaHT A=E, TO
€CTb, BAPMAHT CUCTEMbI HAOGTIOIEHUS OT BEKTOP
noreHuuan A. OZHAKO NMpu BbIGOpe OTpaxkeHUs
IpYroit cucTeMbl HaOMIOOeHNST Yyepe3 BeKTOp I10-
TeHIMan @, ¢ yuéToM (56) MbI IMOTyIaEM CUCTEMY
YpaBHEHMUI:

-0H,/0t +icuoE,/dy -cudE,/0x -cudE,/0z=ic®;

-0H,/0t -icudE,/0y-cudE,/0x +cudE,/0z=ic®;
-0E,/0t+ic/udH,/0y-c/udH,/0x -¢/udH,/0z=—i®;

(68)

-0E,/0t-ic/udH,/dy -c/udoH,/0x +c/uoH,/0z =—i®.

VUUTBIBaS CBSI3b MEXKIY SJIEKTPUUECKUMU M MAarHUTHBIMM COCTABJISIIOIIMMM B Buae H=cE (3T0O M3HayasIb-
Hasl CBSI3b MEXXIY ITPOTUBOIIONIOKHOCTSIMY Uepe3 CKOpOCTh cBeTa 6e3 yuéta CTO) MbI MOXKEM 3aMucaTh:

-0E,/0t +iudE:/dy -udE,/0x -uok,/dz=i®;

-0E,/0t -iudE,/dy-udE,/0x +uok,/0z=i®;
-0E,/0t+ic?/udE,/0y-c*/udE,/0x -c*/udE,/0z=—i®;

(69)

-0E,/0t-ic*/udE,/0y-c*/udE,/0x +c*/udk,/0z =—i®.

TTOHSTHO, UTO CHCTeMa HaGIIOIEeHsT OT BEKTOD MoTeHmana @ yke He COBITalaeT C CUCTEMOIi Habome-
HIUS OT BekTopa E, u 3Ta cBA3b umeeT Bu: O=cE/sp=c?/uE. nbIMK c/toBaMu Ipy 3ameHe E Ha A Mbl uMeeM

aHasor gopmyis (15).
B utore umeem:

-0E,/0t +iudE,/dy -uoE,/0x -uoE,/0z=ic* /uE;

-0E,/0t -iudE,/0y-udE,/0x +udE,/0z=ic? /uE;

(70)

-0E,/0t+ic*/udE,/dy-c*/udE,/0x -c*/udE,/0z=—ic? JuE;
-0E,/0t-ic?/udE,/dy-c*/udE,/0x +c*/udE,/0z =—ic? JuE.

Iasee 110 aHaJIOTUX B COOTBETCTBUM C CUCTEMOM ,H,MpaKa nmeem:

-0W,/0t-ic>/u¥; +iudW/dy -ud W4/0x -ud¥s/0z=0;
-0W,/0t -ic?/u¥s-iudW¥s/0y-udWs/0x +ud ¥/0z=0;
-0Ws/0t+ic?/uWstic’/ud Wo/0y-c*/ud ¥1/0x -c*/uo¥,;/0z=0;
-0W,/0t+ic?/uW-ic?/udw;/0y-c?/ud¥;/ox +c*/ud ¥/0z =0.
C yuétom omepatiun aubdepeHinpoBanms o ¥ mosydaem:
i(E-c%/u)W¥1-iuP¥4-uP,¥4-iuP,¥s=0,
i(E -c/u)¥r-iuPWs+uP\Ws+iuP,¥,=0,
i(E+c3/u)Ws-ic/uPyW2-c/uP¥,-ic?/uP,¥,=0,
I(E+c%/u)W4-ic?/uP\W+c%/uP¥+ic/uP,¥,=0.

(71)

(72)

Ianee yMHOXXaeM ypaBHeHMs Ha —i:
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(E-c/u)¥1-uP¥ ++iuPy¥ 4-uP,¥3=0,

(E -c4/u)¥2-uP¥s-iuP,Ws+uP,¥,=0,
(E+c%/u)¥s-c%/uP¥o+ic?/uPy¥,-c?/uP,¥:=0,

(73)

(E+c/u)¥4-c*/uP¥1-ic/uP,¥1+c*/uP,¥,=0.

C yuéToM BbIpaskeHMsI OJHUX QYHKIMII yepes apyrue OJjis CBOOOIHONM YacTUIbI 6e3 BHELIHEro 3JIeKTPo-

MarHMTHOTIO IT0JIA IT0JIy4YaeM:

Yi=(uPW4-iuP,¥+uP,¥s)/(E- CZ/LI),

¥,=(uPWs+iuP,Ws-uP,¥,)/(E-c*/u),
Ys=(cY/uPy\W2-ic’/uP,¥y+c%/uP,¥1)/(E+c*/u),

(74)

W,=(c/uPy Y1+ic’/uP,\¥1-c>/uP,¥,)/(E+c¥/u).

Hanee moacTapisseM ofHM QYHKIMY BMECTO OIPYIMX, UTO COGCTBEHHO U XapaKTepu3yeT B3auMO/IeCTBIE,

Y COKpallaeM Mom06GHbIe WIEHBI:

q’1=C2[PX(Ple1+l.Pylp1-lepz)-iPy(ley1+iPylP1-lePz)+

+P(PW1-iP,Wo+ P ) |/[(E-c¥/u) (E+c/u)],
q"1:C2[PXZlP1+l'PXPylP1 - PXquJz-l'PyPlel"'PyZ‘yﬁ'l.Psz‘Pz"'

(75)

+P.PW,-iP.PW,+ P2, /[(E-cX/u)(E+c*/u)).

B pesysnbTaTe nomy4yaem ypaBHeHMeE KOPITYCKY-
JIIPHO-BOJTHOBBIX OOBEKTOB COOTBETCTBYIOLIETO
BO3BeJeHMI0 (HOpMY/Ibl SHepruyM IDIHIITENHA B
KBajipare:

(B:-cY/ub)¥=cA(P2Y, +P2¥ +P¥1). (76)

C yuérom dopmynsl (20) umeeM:

(E2-m*c/(1-vp?/ )P 1=cX(PPW1 +PPP1+PAP1). (T7)

IIpy mepexode K MOBVWOKYIIMMCS 4YacTUIIAM
TOJIbKO B KOPITYCKYJISPHOM BUZe MMeeM:

E=*] mo*c*/(1-vn,?/c®)+c* (P2 +P2+PA)] V2. (78)

B sTOM ciiydyae MBI IPUXOAMM K ONIUCAHUIO Ya-
CTUIIBI C MACCOi TTOKOsI 60JIbIlelt, YeM Macca I10-
KOS 3JIeKTPOHAa MM TO3UTPOHA, Yero He MOrJa
OTMCaTh Kiaccuyeckass KBAaHTOBAsI MexaHMKa.

Panee 1o (22) u (23) Mbl ybegumnch, 4To 4a-
CTOTa BOJTHOBBIX IIPOLI€CCOB HANPSIMYIO CBsI3aHa C
KOHCTaHTaMM 3JIeKTPUUYeCKoil U MarHUTHO TIPO-
HUIlaeMoCTu. IIpu 3TOM MBI TTOKa3aiu, UTO IIpU
HaJIMIMY MacChl TTOKOsI GOJIbIelt, YeM mMacca Io-
KOS 37IeKTPOHA (IT0O3UTPOHA), CKOPOCTb ABUKEHMS,
dbopmupyolas Takylo Maccy, MOKeT OTHOCUTbCS
TOJIBKO K TIPOTMBOIIOJIOKHON CUCTeMe Habioe-
HISI OTHOCUTEJIBHO a6COTIOTHOI CUCTEMBI OTCUETA
B cooTBeTcTBUM ¢ OTO. U B 9TOM C/Tydae MOTeHIIMU-
ajgpHasl SHEPTUSl B OLHONM MPOTMUBOIOIOKHOCTU
BBITVISSAUT KMHETUUYECKON SHEpruei B Apyroi mpo-
TUBOIOJOKHOCTMA. COOTBETCTBEHHO BO3HUKAeT
BOIIPOC O CTaGMIIBHOCTY YaCTUI C MACCOM ITOKOSI
BbIIIIe, UeM MaCca 3JIEKTPOHA ¥ TTO3UTPOHA U HE06-
XOOMMO OOBSCHUTH, C YeM 3TO CBsI3aHO. [l pe-
IIeHNMsT 9TOTO BOIIPOCA HaO 06PaTUTHCS K M3HA-
yaJibHOM (opMyJie CBSI3U T06ANTbHBIX MPOTUBO-
TIOJIO’KHOCTeI [16] B Buze:

cos?(x)+sin®(x)=ch?(w) — sh’(w) =1= const,
exp(ix)exp(-ix)=exp(w)exp(-w) =1.

@aKkTUUeCKM 3TOT 3aKOH OTparkaeT OCHOBHYIO
70(30) MpeiCcTaBaeHNs 00BHEKTOB B

(79)

MPOTUBOIIOJIOKHOCTSIX C YCIOBUEM, UTO BBIUMTA-
HME B OLHOJ IPOTUBOIOJOXHOCTY HpPenCTaBIIsi-
eTCsl CJIOKeHMEM B APYTOi MPOTUBOIOIOKHOCTH,
TaK Kak MHaude ObLIa ObI MOEHTUYHOCTh. OmHAaKO
10 ypaBHeHuU10 (79), Mbl BUIUM, UTO €CJIU B JIEBOI
YyacTu ypaBHEHMIt OT 3HaKa paBeHCTBa HaboIa-
eTCsl paBEHCTBO IPOTUBOIOJIOXKHO HallpaB/IeHHbIX
37IeKTPOMAarHUTHBIX COCTABJISIIOIINX, TO B TPaBOM
YyacTH, U3-3a 06PATHO MPOIOPIMOHAIBHONM CBSI3U
MIPOTUBOIIOJIOKHOCTEN, OyIoeT HepaBeHCTBO, TO
eCTb HEeOLHOPOAHOCTb, [IJiI paBeHCTBa CIIpaBa
Heo6XOIMMO UMeTh 3HaUeHMe apryMeHTa paBHOe
HYJIIO, TO €CTh 0ObEKT JOJIKEH OTCYTCTBOBATh. OT-
CI0JIa BBIBOJ, - TOTYYUTDh OGHOBPEMEHHO OTHOPOZ, -
HOCTb B NIPOTMUBOIIOJIOKHOCTSIX HEBO3MOXHO. To-
I71a COOTBETCTBEHHO BCTAET BoIpoc: "TIpu Kakom
HEpaBHOMEPHOM 3JIeKTPOMAarHUTHOM pacIipefe-
JIEHUM TI0 YacTOTe U MPOCTPAHCTBEHHO-BPEMEH-
HOJ HEOOHOPOIHOCTU MOXXET HACTYNMUTh PaBHO-
BECHBII1 3aMKHYTBI/I 06MeH MeXIy T/106aTbHbIMU
MIPOTUBOMOJIOKHOCTAMU?" Ha ocHOBaHUM 00611eik
dbopmynbsl Mmuposganus (79) Mbl BUAMM, YTO TIPO-
1lecc pacmaja OT HEKOTOPO} HauvajlbHON BeIu-
YMHBI MOXHO TpPEeJCTaBUTh B BuUIe: exp(-g) win
1/exp(g). B Takom Buae Mbl MMeeM HOPMUPOBaH-
HOe K eIVHUIe KOJIUYeCTBO B COOTBETCTBUU C
Ha/IM4yMeM KOHCTaHT. B TpOTUBOMOMOKHOCTH pac-
naj, NMpeACcTaBUTbCS CUHTE30M C 3aKOHOM COXpa-
HeHUs KoamuecTBa: l-exp(-g), 1-1/exp(g). Cob-
CTBEHHO 3TO 3KBMBAJEHTHO NPUHIUITY Paguoak-
TUBHOTO pacraza B [17], a 06paTHbI polecc KaéT
cuHTe3. COOTBETCTBEHHO MBI MMeeM pacmpejerne-
Hue aHanornyHoe dopmysne [Inanka [18]:
<g>=gexp(-8)/[1-exp(-8)] = g/[exp(g)-1]. (80)
Hanuas dopmyna (80) uckiarouaeT "ynbTpacdm-
0JIETOBYIO KaTacTpody" ¥ COOTBETCTBYET 3aMKHY-
Toit cucreme. To ecTb, HA OCHOBAaHMUM (POPMYJIbI
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(80) ¢ yuéToM uKcIa 4YaCTOT, MIPUXOISIIMUXCS Ha
eIVHUIY 00bEMa ITOJIOCTH, ObLIA TOJNyYeHa W3-
BecTHas popmysa InaHKa, OTKyZa BBIUMCIISIETCS
JHepreTHYeckoe pacripefeneHue MO yacToTaM U
ompeJieNiieTcs] MaKCMMyM CIIeKTpa WM3TydeHUs
Wmax- Jdanee Mbl BCIIOMHMM, YTO TIPOCTPaH-
CTBEHHO-BPEMEHHOE JVCKPUBJIEHME B MMUPO3Za-
HUM OIIPEAENSIeTcsl COOTHOIIEHWEM KOHCTAHT
37IeKTPUYECKOI U MAarHMTHOV ITPOHUIIAEMOCTU 110
dopmyine: gy = 1/c?. C yuétom po=1/(cu), eo=u/c,
rae u=(c?-vp,,?)Y2, a vpp — 3HaUeHMe MHTerpajbHO’
YCPeTHEHHOM CKOPOCTU IBVIKEHMS OOBEKTOB B
MIPOTUBOIIOJIOKHOCTY (TO €CTh 3TO OTOOpaskeHue
KMHETUYECKOI SHepruu), OTHOIIEeHNEe KOHCTaHT
MaTrHUTHOM U 3JeKTPUUECKOI IIPOHUIIAEMOCTH B
3TOM C/IyJae JacT 3HaueHue:
(Ho/e0) *={[1/(uc))/[u/c]} *=1/u=
=1/[c(1-vny?/c?)?]=120m.
MbI BUIMM 3[€Ch PACXOXIEHME C CUCTEMOIA
CH, koropas naét 6e3pasmMepHblii KO3DGUIMEHT,
a y Hac MojyJyaeTcsl 3HaYeHue U3MepPeHNs B eIu-
HUIaX ckopoctu. OJHAKO, 3HAUYEHVE CKOPOCTU —
Vpp OTHOCUTCSI K IIPOTMBOIIOJIOKHOCTHM, a CaMUu
MTPOTUBOITIOJIOKHOCTY CBSI3aHbI 4epe3 CKOPOCTb
CBeTa, KaK J/IMHA ¥ BpeMsl, T03TOMY ITpU Iepexoje
B IIPOTMBOIIOJIOKHYIO CUCTEMY HaGIIOIEHNS, MbI

81)

JIOJDKHBI 3Ty CBSI3b YUeCTb uepe3 YMHOXeHMe Be-
JIMYMHBI 1/U HAa CKOPOCTH CBETA, U B pe3yibTaTe 6y-
IeM UMeTb 6e3pasMepHblii KoshduuyeHT. Kpome
TOr0, MUPO3JaHMe HMYero He "3HaeT" 0 CUCTeMax
M3MepeHMs U ONepupyeT TOJbKO KOJIMYECTBOM, a
oHO 6e3pasMepHO. COOCTBEHHO CUCTEMBI U3Mepe-
HMUSI, TPUAYMaHHbIe YUEHBIMU AAJIN TIAPaJOKC pa-
ouyca [IBapummiabaa, KOrjga CBET He MOXKET
BBIVITM Y3 TPABUTALMOHHOTO TIOJST TIPUTSIKEHUS
TaK Ha3bIBA€MOW «UEPHON ABIPbI», TO €CTh HAPY-
IaeTCsl OCHOBHO IMTPUHILIMIT TEPMOIVHAMMUKMY, T]Ie
TIOTJIONIeHNe paBHO M3aydeHuoo. OTcioga 1 6buia
MpUOyMaHa TeJeOPTALMS U3 «IEPHOI ABIPbI», TO
eCTb IOIUIN Uyjieca.

[TosTOoMYy Y Hac, IMOJYYeHHOE COOTHOIIEHNE SIB-
JisieTcsl 5KBUBAJeHTOM BbimojaHeHuss CTO DiiH-
IITeiHA ¥ pasHUIA OIpeJessseTcs B CKOPOCTb
CBeTa, TO eCTh B BEJIMUMHY B3aMOIEICTBUS TIPO-
TUBOITIOJIOKHOCTE. [lajlee, 3TO 3HAUEHME OKasa-
JIOCh B TIOJJHOM COOTBETCTBUM C OTHOIIEHUEM
MacChl IIPOTOHA K Macce 3JIEKTPOHA C YIETOM ITe-
pexojia OT CpeJHEro MHTErpaJbHOr0 3HAUEHMS K
MaKCMMyMYy CIEKTpa M3Jy4eHUs] B IPOTUBOIIO-
JIOKHOCTM 3a CYET KoahuumenTa 4,965, KOTOpbIii
6611 BhIUMCIIEeH B [19]:

M/ M=4,965 % (10/20) =4,965/uto= 4,965/[c(1-Vn?/c2)?] = 4,965x120m=1871,76. (82)

31ecb mpy, — Macca MpPOTOHA, My — Macca 3JeK-
TpPOHA. 3HaUYeHMe, TOJIydYeHHOe B (82), OTAnYaeTcs
OT 3HAUeHUs, BBIUMCIEHHOTO B  (uU3uUKe
m,/m=1836, meHee, yeM Ha 2%. U 310 oT/iMune
CBSI3aHO C pa3HbIM IIPOCTPAaHCTBEHHO-BPEMEH-
HBIM MCKPUBJIEHMEM B MMUPO3LaHUU, TO €CTb He-
onHoponHocTbio. CobcTBeHHO MO (82) ciemyeT
OIIpeneNsaTh U SHepreTUueckye XapaKTepUCTUKU
KOPITYCKYJIIPHO-BOJIHOBBIX OOBEKTOB, TaK Kak
Macca MMeeT OJHO3HAauUHYIO CBSI3b C SHeprueit 3a
CuéT yMHOKeHUs Ha ¢?. [TOHSITHO, YTO B3aMMO/ei-
CTBME MeHsIeT IapaMeTpbl 3JIeKTPUUeCKOii U Mar-
HUTHOJ IPOHULIAEMOCTU B CpeJie, M 3TO U3MEHSIET
COOTHOILIEHME Macc, B IPOTUBHOM CJIyyae TOKa B
KaTyliKke MHOYKTUBHOCTU I1OCJI€ CHATUS pa3HUIIbI
MOTEHLIMAIOB HA KOHIIAX MPOBOJOB He HAbJ0Ia-
J10Ch 6b1. TakKMM 06pa3oM, 0ObEKT M3MEHSIET OKPY-
SKaIoIIyIo cpenry ¢ hbopMUpPOBaHNMEM MTPOTUBOLETi-
cTBUS Ha ero pAerictBue. Korpa BausiHue o6beKkTa
MpeKpalaeTcs, oOKpyXXawlas cpefa yxe BausieT
Ha 0OBEKT, TaK KaK cpefa He MOKeT MTHOBEHHO
M3MEHUTb CBOM IMMapaMeTpbl U3-3a HaAUUMUS CKO-
poctu cBeta. lHBIMM CJIOBaMMm, cpejia MMeeT 06-
MeH C 00beKTOM (a OH, He MOXeT ObITh 6e3 IepBo-
HavyaIbHBIX MTPOCTENIINX 06 BEKTOB, KAKMMMU SIBJISI-
I0TCA 3JIEKTPOHHbI€ 1 MIOOHHbIE HeﬁTpV[HO " aH-
TUHEITPUHO) U 3TO, KCTATH, ONIpefessieT IOMUMO
MOJISI U3Ty4YeHUs] M Halnuuye KBa3suCTaTU4ecKoro

37IeKTPOMAarHUTHOTO NOsl. VIMeHHO 3TO B3aUMO-
IeiicTBue 06beKTa U cpelibl U AaéT GyHKuuIo JIyn
Ile bpoiing onpenenéHHoi 4acToThl. UHBIMM €10~
BaMM MbI MMeeM HEeKYI0 3aMKHYTYI0 pe30HaHCHYIO
CUCTEMY B3aMMOZENCTBUSI Uyepe3 OOMeH MekIy
00BEeKTOM U CPeJioit.

Takum 06pa3oM, Ha OCHOBE YCOBepIIEHCTBO-
BaHHBIX YpaBHeHMI MaKcBesuia HaM yaanoch Oy-
CaTh CBS3b IEKTPOMArHUTHBIX BOJHOBBIX IIPO-
1eccoB ¢ 00pa3oBaHMEM  KOPHIYCKYJISPHBIX
CBOJCTB C pa3JIMUHOI Maccoi MOKOSI OT MPOCTOTO
NIpefiCTaBIeHNsI K CJIIOKHOMY IIPeCTaBIeHMI0, U
0OBSCHUTD YCTOMUMBOCTD ¥ PA3HUITY MacC MeKIY
MIPOTOHOM M 37IeKTPOHOM. VIMeHHO 3Ty rpobiemy
He MOIJa pelluTh Kaaccuueckas 3J1eKTPOAMHA-
MHMKa M KBAHTOBAasl MeXaHMKa OJIs1 06’be,ELI/IHeHI/IH
KOPITYCKYJISPHBIX ¥ BOJTHOBBIX CBOJCTB C IOJIyYe-
HMeM 3aKOHa B3aMMHOTIO Tepexofa, XoTs GhaKkTu-
YeCcKu [JI1 3TOTO BCe HeOOXOAVMbIe ypaBHEHUS
6bUTM YK€ TIPAKTUYECKU MOydeHbl. VIHbIMM CJI0-
BaMU HAIll aHAIU3 C YYETOM HAIMYMSI OBIIEro mpo-
CTPaHCTBEHHO-BPEMEHHOIO M 3JIEKTPOMArHMUT-
HOTO KOHTMHYYMa C OMMCAaHMEM JII060TO 0ObeKTa B
4-X MEpHOM IpeJicTaB/JIeHuu (MHOe NAET He3aBU-
CMMOCTh 06'bEKTa) MO3BOJIWII OIMMUCATh GOpMUPO-
BaHMEe O0OBEKTOB OT IPOCTOTO IPECTaBIEHUST K
CJIOKHOMY Ha OCHOBE KOPITYCKYJISIPHO-BOJIHOBOI'O
JyanusMa.
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TEXHUYECKHNE HAVKH

AHTPOIIOB UBan AHapeeBuu
ctyneHT Kadenpsl «TexHochepHast 6e30MaCHOCTbY,
WHCTUTYT cepBMCca M OTPACIEBOTO yIIpaBieHus, TIOMeHCKNUI MHIYCTPUATbHBIN YHUBEPCUTET,
Poccug, r. TroMeHb

COBEPIIIEHCTBOBAHUE MEPOITPUSITUN
10 OBECIIEYEHUIO ITPOMBIIIIEHHOM BE3OITACHOCTU
C IIOMOUIBIO BECITMJIOTHOM JIETAIOLIEN ATITIAPATYPbBI

AHHOmMauusa. B cmamee paccmampugaemcs Meponpusimue no yayuleHue cucmems 06ecneueHust Npombliil-
JIeHHOlI 6e30nacHocmu mpybonpoeoda sHelwHe2z0 MPAHCNOPMA, HA npumepe NPUMeHeHUs: 6ecnUNIOMHOL 1emaio-

weti annapamypaol.

Kniouesste cnosa: 6630naCHOCmb, NnpomMblUJIEHHAA 6630n(1CHOCmb, npo@yxmonpoeo@, becnunomHas Jiemaio-

was annapamypa.

B HAcTosIlliee BpeMS Ha MEeCTOPOKIEHUSIX,
Haxomsauuxcsa B SIMano-HeHelikoM aBTOHOM-
HOM OKpYTe, HapyKHbI/i OCMOTP MPOAYKTOIIPOBO-
ITOB TIPOBOJIUTCS CJIEMYIONMMU CIIOCOOAMMU:

- obxon;

—  00be3n;

—  obner.

ITpoyKTONIPOBOAbI MPOXOAST IO Pa3sHbIM, B
TOM YMCJIe TPYOHOMOCTYITHBIM, y4aCTKaM MeCTHO-
cTU. MOHUTOPUHT TPy6 Ha ydacTKaX, O KOTOPHIX
CJIOKHO TOOpaThCsS Ha HAa3€eMHOM TeXHUKe, Mpe/I-
cTaByiseT GoJbINyl0 TpoGaeMy. KBagpokomTepbl
MOMOTAIOT PENIUTh €€: C TOMOIIbI0 6eCITUIOTHOM
JeTaolnel anmapatypsl (gamee — BIUVIA) moxxHO
JIETKO J06paThCs OO0 JI0ObIX YIACTKOB TPYyOOIpo-
BOJIa, UTOGBI TPOBEPUTD UX COCTOSTHME.

ITpu 0671€Te TPyOOIIPOBOIA HA KBAJAPOKOIITEpPE
OTepaTop MOXKET:

—  U3Y4YUTH 0OIIlee COCTOSTHUE TPYO;

—  BBISIBUTbH CJIeIbI KOPPO3UY WU IPYTUE Te-
({eKTbI ¥ IPUHSITb MEPHI K IIPEeJOTBPALIEHIIO aBa-
pun;

—  HaiTu MecTa, The IPOM3OILIO TOAMbIBA-
HMe TPYHTa WiK ero o6Basl, MpOaHaIM3UPOBATD
BO3HUKIIME PUCKU U TIPUHSTH PELIeHNs ;

—  OGHapYyXUTh HECaHKIIMOHVPOBAHHbIE
BpEe3KM B TPy6OIIPOBOL;

—  HaiiTM yTeuku HedTH, rasa MIM JIPYroii
TPaHCIIOPTUPYEMOIT CPeJibl;

—  TIPOKOHTPOJMPOBATb OOIIee 3KOJoruYe-
CKO€ COCTOSIHME YYaCTKOB, TI0 KOTOPHIM ITPOXOIUT
Tpybomnposox [1, ¢.107].

BoIMToTHEHME BbINIEYKA3aHHBIX MEPOIIPUSITHUIA
OCYIIIeCTBJISIETCS 6y1arogapst MUCIoAb30BaHNIO He-
CKOJIBKMX BUJIOB CheMKM. BueocheMKa Mpon3BO-
IUTCS C TOMOIIbIO BUAEOKaMePbI, yCTaHOBIEHHO
Ha 6eCcITMIOTHBINM anmapaT. OHa IPUMEHSIeTCS /IS
HauboJiee OIMEPaTUBHOTO BMU3YaJTIbHOTO 006CIemo-
BaHMSI TEPPUTOPUM BAOJIb TPACChI MarMCTPasIb-
Horo HedrTenpoBoaa [2, c.110]. doTochemKa
MMeeT PSif, TIPEUMYINECTB Haj, OObIYHOI BUIIEO-
CbEMKOJ, TaK Kak MMeeT Oojiee MIMPOKOE paspe-
meHue. ITocpeICTBOM CITeIMATbHO CIIEKTPOMET-
pPUYECcKOi 06pabOTKY CHMMKA MOKHO OOHAPYKUTh
HajJIMuMe KOppo3uu TPybOIpOBOAA WM Opyrue
nedekTbl. TerIOBM3MOHHAS CbE€MKa I03BOJISIET
BECTH Hab/II0eHe B HOUHOE BPEMSI U B YCJIOBUSIX
OTPaHMYEHHOI BUIMMOCTH, HAET BO3MOKHOCTb
BBISIBUTD YTEUKM Ta3a UM APYToil TpaHCIIOPTUPY-
€MOJi Cpefbl, CIIOCOOCTBYET OOHAPYKeHUIO IPU-
CYTCTBMSI IOCTOPOHHMX B OXpaHsSIeMbIX 30Hax. Co-
yeTaHMe PasIMYHBIX BUIOB ChEMKM IO3BOJISIET
HauboJsIee MOTHO OLIEHUTh COCTOSTHME 00bEKTa.

CoBpeMeHHbIe KBaJpoOKONTephbl (Tabm. 1)
MMEIOT XOpOollye JETHble XapaKTepUCTUKU, UYTO
YCKOpsieT MOHUTOPUHT. MHOTMEe MO eI HagEXXKHO
3aIIMIIEHbl OT BJIATM M 3arpsi3HEHUi, He GOsITCS
sKapbl M MOPO3a, YTO MO3BOJISIET 0OCIE0BATDb TPY-
60MPOBOIBI IIPH 11000 TTOroie 1 B 11060e BpeMs
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roga. Kamepsl, ycTaHaBIMBaeMble Ha HUX, obecrie-
YMBAIOT BBICOKOE KAYECTBO BUIE0- U (DOTOCHEMK,
YTO, B CBOIO OUEPENb, MO3BOJISIET B AETAISIX U3Y-
YUTDb TPYOOIIPOBO.. [IpM yCTaHOBKE Ha KBaJpPOKO-
IITep TEIUIOBM30pa OIepaTop HabMIJaeT 3a Tell-
JIOBO1 KAPTUHO ¥ MOXET JIETKO BBISIBUTH YTEUKY.

K ckasaHHOMY CTOUT J06aBUTb 3KOHOMMUYECKYIO
BBITOY MCIIOJIb30BaHMS KBaIPOKOIITEPOB IIJISI MO-
HUTOPUHIA TPYOOIIPOBOMIOB: [Ji VIIPaBIE€HUS
JIPOHOM He HYKHO MpUBJIeKaTb KOMaHIy cIieljua-
JIUCTOB, @ 3KCIUTyaTallMOHHbIE PAacXOAbl TIPU UC-
nonb3oBaHuu BITJIA HeBelIMKM.

Tabmuua 1
XapaKTepucTuKa COBpeMeHHBIX KBaJPOKOIITEPOB

BIIJIA camonetHoro Tuma | BIIJIA camosieTHOro Tuiia BITVIA BepTOJ/IETHOTO

XapakTepucTuka N N .
60JIBIIION TATbHOCTH cpenHel aaTbHOCTU TUIIa MAJION JaJIbHOCTU

Pamuyc meiictBus | 50 — 70 km 15 - 25 km 2-5KMm
IMpopomkuTenb- 4-54 1-2,54 40 - 60 muH
HOCTb T0JIeTa
CKopoCTh 65 — 130 xMm/4 65 — 130 xm/u 30 — 50 km/u
B3neTrHas macca 8 - 10,5 kr 2,5 -6,5Kr 1,5 - 8 kr
Macca 11e1eBoii 1,5-2kr 0,3 - 1kr 0,3 - 2 Kr
Harpy3Ku
Baner [THeBMaTHMUecKas KaTa- DacTUYHAas KaTallyabTa BepTukanbHas

MyJIbTA
ITocapka [TapamtoT, B ceThb [TapawioT, B ceThb BepTukanbHas
Pa3smax Kpbuia 2-3Mm 1-2m 0,6 - 1,5m
CTOMMOCTD 1,7 mnH. pyo. 1,2 MJH. py6. 0,9 mutH. pyo.

Iyis mipoBelieHMUsT BO3AYLUIHOTO MOHUTOPMHTA
He(TEeIPOBOIOB, PACIIONIOKEHHBIX Ha 3HAUUTENb-
HOM paccTosSHuM 3(PGEeKTUBHO MCIOIb30BaTh
BIIJTA caMOJIETHOTO TUIIa OOJIBIION IATbHOCTU.
Ilyist orepaTMBHON pa3sBeIKM Tpacc TPyOOITPOBO-
OB 1Ieyiecoobpa3Ho npumeHsiTh BITUIA camorer-
HOTO TUIIa CpemHei maabHOCTHU. sl 06ciiemoBa-

HY>XXIAIOLIMXCS B leTalbHOM U3y4eHUU, IOA0M YT
BITJIA BepTO/eTHOIO THUIIA MaJIOV JaIbHOCTH.
HUcrionb3oBaHme 6GeCHMIOTHBIX JIeTaTeNbHbIX
aInnaparoB IIO3BOJISET [OBBICUTh 5KOHOMMUYHOCTD
o6ciie0BaHMs IO CPaBHEHMIO C TPAAUIIMOHHBIMU
criocobaMM U YBeIMUYMUTb KONMYECTBO BHUIETOB,
OJJTHOBPEMEHHO IIOBBICYB KaueCTBO MOHUTOPUHIA

HUSI 6T 3KOPACITOIOKEHHBIX 06BEKTOB, cocTosiHUSI He)TeITPOBOAOB U HAJIESKHOCTD UX IKC-
rIyatauuy (tabs. 2 v tabi. 3).
Tabmuua 2
3aTpaTsl Ha IJIAHOBBI 00JIET MPOAYKTONMPOBOAOB BepTosierom MU — 8T
IlokasaTenu JaHHbBIE
CpenHsist ckopocTb BepTonera MU — 8T 160 km/4
YacroTa obera 4 pasa B Mecsl],
Bpewmst obneta (145 kM) 60 MUHYT
CTOMMOCTD I€THOM MUHYTBI 1041 pyb6ueii
3aTpaThl 3a rof, 2998 ThIC. pybIIe
Tab6muua 3
3aTpar Ha IUIAHOBBI 00JIeT MPOAYKTOIPOBOOB KBaAPOKOITEPOM
HanmeHoBaHue llena KonunuectBo CTOMMOCTD
Ksagpoxonrep 1700 TbIC. pybeit 1 1700000 py6ieit
TernnoBuU30p 250 ThIC. py6Ieii 1 250 ThIC. py6Iieit
KomMmrekT 3amacHoro 900 ThIC. pybIEit 1 390 ThIC. pybieit
060pyI0BaHUS
3aTpaThl Ha TPAHCHOPT 359,51 py6. B uac 240 yacoB 86,2 ThIC. pybJIeii
(YA3 - 39099)
3aTpaThl Ha mepcoHal 328, 24 py6. B uac 2 * 240 JyacoB 157, 6 ThIC. py6IIEii
(Tpy6OITPOBOIUMK JIV-
HeJHBII 5 paspsim)
Utoro: 2585 ThIC. pybieit
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DKoHOMMYecKuit 3¢deKT mocie MepBoro roga
coctaBUT 413 ThiC. pyd. C YYETOM CTOMMOCTHU
KBaJPOKOIITEPA C TEIJIOBM30POM M KOMILIEKTOB
3amacHoro 06opynoBaHusl (CPOK OKYIMaeMOCTU
npoekra — 11 mecsues).

3a4acTyio Tpu IOSIBJIEHUM HOBOTO TEXHOJIO-
TMYHOTO 060PYAOBAHMS M MHHOBAIIMOHHBIX pele-
HMII BO3HMKAET BOMPOC BBIGOpA MEXKIY MPOMYK-
TOM U yCJIyroii. Beibop 3aBUCUT OT 06bemMa paboT.
O6beM paboOT MO0 MOHUTOPUHIY MarmcTPaJbHBIX
He(TEeIpPOBOAOB KOJIOCCATbHBINA. B CBSI3U C 3TUM
BBITOJTHEE 3aBECTU COOCTBEHHBIN (QIIOT 6eCIIUIoT-
HUKOB, He Ipuberast K ycJryraM CTOPOHHMX KOMIIa-
Huit. UTo6BI He CO3MaBaTh HOBbINA OT/IeN, palyo-
HaJIbHO OYIeT BKIIOUUTD B JO/DKHOCTHBIE 00S13aH-
HOCTM PaOOTHUKOB CIYKObI 6€30ITacHOCTY U TeX-
HMYECKOTO KOHTPOJISI OPTaHU3aIMI0 paboT o MO-
HUTOPUMHIY C TIOMOLIbI0 GEeCIMIOTHUKOB U

COTJIacoBaHye II0JeTOB C MEeCTHBIMM LieHTpaMu
peryaupoBaHusl BO3LYIIHOTO MPOCTpaHCTBA. s
3aKperieHus] HaBbIKOB YIIPABJIEHUSI JIeTaTellb-
HBIMM anmnapataMy IPOBOIUTb KOHKYDPCHI IpO-
(eccroHaIBLHOTO MacTepCcTBa cpelin pabOTHUKOB.

Takum 006pa3oM, OmIepaTMBHOE IIOIyYeHME C
rnomMoinbio BITJIA MHbopMaluy O COCTOSTHUM Ma-
TMCTPAIbHBIX IMTPOAYKTOMPOBOLOB U TEPPUTOPUM
BIOJb HUX CYILIECTBEHHO 3KOHOMMUT [€HEeXHbIe
CpencTBa M OTKPbIBAET HOBble BO3MOKHOCTU JJIs1
6e30macHOii 3KCIUTyaTaluy TPyOOIPOBOIHOTO
TPaHCIOPTA.
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IMPROVEMENT OF MEASURES TO ENSURE INDUSTRIAL SAFETY
WITH THE HELP OF UNMANNED AERIAL VEHICLES

Abstract. The article discusses the action to improve the industrial safety system of the pipeline of external
transport on the example of the use of unmanned aerial vehicles.

Keywords: safety, industrial safety, product pipeline, unmanned aerial equipment.
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ITYIIKHH Cepreti AjIeKCAaHIPOBUY
CTyAeHT, Poccuiickuii 9KoHOMM4YeCcKuit yaHuBepcurteT umenu I'.B. TlnexaHoBa,
Poccug, r. MockBa

IMPUHIAIIBI 1 OCOBEHHOCTH BbIOPA IEHTPAJIbHOI'O ITPOLHECCOPA
ITPY CBOPKE KOMIIBIOTEPOB JJIS1 PEHIEHVSI CAMbBIX PA3HbBIX 3AJAY

Annomauus. JlaHHas cmames. NpU3eaHd omeéemums Ha éonpoc “Kak Hayuumscs 610upams YeHmMpaibHoulll
npouyeccop?”. B e€ pamkax Obiiu pasodpaHsl xapakmepucmuku NPoyeccopa u ux 3asucuMocmes 0m peuidembix
KoMNblomepom 3adau, Hanpumep pedakmuposaxue omo unu ayouo, paboma c 3D o6sekmamu u 0GpucHsLMU NPU-
JIOMHeHUAMU, peHOepuHe, MatiHuHez u opyaue. [Ins kax0ozo cyeHapus pabomsi IIK Obtiu NpoaHanu3uposams Mu-
HUMAbHblE U AKMYANbHblE Ce200H MPebo8aHUS, a MaKice NPUUUHb GOPMUPOBAHUS UMEHHO MAKUX Mpebo8aHuli.
Cmames 0aém NOHUMAHUE 0CHOBHBIX NPUHLUUNOE 8b100pa Npoueccopa, ciedyst KomopbviM MOXCHO Uy8CM808damb
cebs KOM(OPMHO HA PbIHKE UUNO8, HE NPUBS3bIBASICH K KOHKPEIMHbIM MOOEISM.

Krnrouesste cnosa: ueHmpansHoiii npoyeccop, 8si60p CPU, makmosas uacmoma, s0pa hpoyeccopa.

BBegenmne

IToKyIIKa TOTOBBIX IMEPCOHAIbHBIX KOMIIBIOTE-
POB BCE 60JIbIIIE YCTYIIAET CAMOCTOSITEIbHOM pyU-
HOJt c60pKe BBUAY 3HAUMUTEIbHOI 3KoOHOMMM. O -
HAKO, MEHbIIMEe TpaThl BCErja IOAPa3yMeBarOT
nmogBogHble KaMHU IIpodeccuonana B o6actu
KOMIIBIOTEPHOJ TeXHMKM U CIIeMaancTa B cdepe,
I7le KOMIIbIOTED SIBJISIETCS OCHOBHBIM MHCTPYMEH-
TOM [IJIsI PaboThl, a HE 06bEKTOM PabOThI, pPeKo
MOXXHO BCTPETUTDb B JIMIle OOHOTO 4YejoBeKka. He
camble OITBITHbIE CHUCTE€MHbIE AIMUHUCTPATOPHI
WM TIPOCTO OOBIBATE/ISIM, SKeIaloluMM CcobpaTh
umu 06HOBUTD cBOJi TIK, yacTo CTaaIKMBAIOTCS JIU-
IIOM K JIMITY C OHUM U3 KITI0UEBBIX BOIIPOCOB IIPU
mo6ope KOMIUIEKTYIONIUX.

Kak BbIOpaTh IPOIIeCCOp MO, P, KOHKPETHBIX
3a7a4, KOr/ia Ha PhIHKE TaK MHOTO MOJIeJIeil, MHO-
ra TOYTY He pasauMuyamlnyuXcs B XapaKTepUCTH-
Kax?

OTBeT Ha 3TOT BOITPOC MOSKHO HAMTU B MHTEP-
HeTe Ha popyMax, Ha CIlel[MaInu3MPOBAHHbBIX KOM-
MbIOTEPHBIX CaiiTax, B BUAEOPOIMKAX MHOTOUMC-
JIeHHBbIX 6j10repoB Ha YouTube, /I3en, RuTube n
MOAOOHBIX IIIATPOpMax, MIM MPOCTO MOCOBETO-
BaThCSI C pa36UPAIOIIVIMICS B TeMe 3HaKOMBIMM.

Ho ecTb HI0AHC, 3aK/IIOYAIONINIACS B ycTapeBa-
HuM yHbopManuu B chepe KOMITbIOTEPHOTO SKe-
nesa. [Ipou3BOAUTENN ITPOLIECCOPOB MPOIOIKAIOT
COpPEBHOBATBCS MEXKTY CO60I, KasKabIii TOJT BBIITYC-
Kasl HOBbIe TIOKOJIEHUSI ¥ apXUTEKTYpPhI, a pa3pa-
60TuMKM UTrp U npodeccuoHanbHoro I10 co3paioT
BCE Oojiee TpebGoBaTe/lbHbIE MTPOEKTHI. B pesyiib-
TaTe JIeTaii, KOTOPbIE elll€ BUepa COBETOBAJIM, KaK
6eCKOMITPOMMCCHOE pellleHNue, CerojHsl yxe

IIPOCTO XOPOIiIiie KOMIUIEKTYIOIIME, a 3aBTpa — He-
o6paTuMo ycTapeparoie. Takke CTOUT YUUThI-
BaTh, UTO KaXIbI/i KOMIIbIOTEP — 3TO B IIEPBYIO
ouepeb MHCTPYMEHT IJisl MOJb30BaTessl, KOTO-
pbIii HY)KIAETCSI B PELIeHUM CBOEro, MHAMBULY-
ajapHOro Habopa 3agau.

Llesp 3TOM CTATbM 3aKIIOYAETCSI B IIOIBITKE
chopMUPOBATD Y YUTATEIs IOHUMaHMe TIPUHIIMU-
II0OB B3aMMOCBSI3M XapaKTePUCTUK Ipoleccopa C
pasHBIMM CLieHApUAMM paboTbl KOoMIlbioTepa. Ta-
KMM 00pa3oM, Ha OCHOBE CIIMCKa 3a7ay, KOTOpbIe
TK momkeH 6yeT peiiaTh, MOKHO COCTABUTH P,
GUIbTPOB XapaKTePUCTUK IIpoleccopa. ITU
GUAbTPHI IOMOTYT CAENaTh CAMOCTOSTEIbHBIN U
OCO3HAHHbII BHIGOP LIEHTPAIbHOIO IIPOLIECCOpa,
MCK/TIOYAIOIINI TIPOGJIeMbI, OITMCAHHbBIE BBIIIIE.
I 9TOr0 Mbl PacCMOTPUM IPUHINIIBI pabOThI
mpolieccopa ¢ pasHbIMM 3aJadyaMy IIOTOMY Kak C
rogaMu, Kak IOKa3bIBaeT OIbBIT, STU MPUHLIMUIIBI
CYIIECTBEHHO HE MEHSIOTCS, M3MeHeHMs Kaca-
IOTCSI TOJIBKO LM(p ¥ HaMMeHOBaHMIA.

KoMmbloTephl UTPAOT OIpe/Ie/IeHHYIO POJib BO
Bcex cdepax xkusHu. OHU UCIIONb3YIOTCI B JOMax,
O6usHece, yUeOHbBIX 3aBeleHMUSIX, MUCC/IeIOBATE b-
CKMX OpraHmM3alysax, MeAuIMHCKOM cdepe, mpa-
BUTEJIbCTBEHHBIX YUPEKIEHMSIX, PA3BICUEHUSIX U
T. 1.

II1st IPOeKTUPOBAHMS CJIOKHBIX KOMITbIOTEPOB
TaKMX KaK CYIepKOMITbIOTEPHI MIJIT HAYYHBIX MC-
CJIeTOBaHMit, KOMIIBIOTEPBI MIJIsT YIIpaBIeHUs Qu-
HaHCOBBIMM TPAH3AKLUIMM WIM KOMIIBIOTEPbI
IJIST CJIOKHBIX MEOUUMHCKUX OmepaLyii, UCIMOJIb-
3YIOTCSl CIIelMajibHble KOMIUIEKTYIOLIMEe, OTCYT-
CTBYIOII[Eé Ha MAacCcOBOM pbIHKe. I[losToMy B
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paMKax JaHHO CTaTby PaCCMOTPUM UMEHHO Tep-
COHaJIbHbIe KOMIIBIOTEPBI, XapaKTepu3ywlyuecs
Kak HaJMuMeM SKCIUTyaTallMOHHBIX XapaKTepu-
CTUK GBITOBOTO MPUOOPA, TaK ¥ YHUBEPCATbHBIMMU
(YyHKIIMOHATBHBIMY BO3MOKHOCTSIMM, Yallle BCETO
TOJIBKO J3J151 OIHOTO MOJIb30BaTesl.

VTOuHSSI, B JAHHOI CTaTbe OYyIyT 3aTPOHYTHI
cjlefyronie 3a0aun:

e  JTomamrHee iy oUCHOE UCIIO/Ib30BaHNE

e  KommbloTepHble UTPbI

e  (O6paboTKa 3ByKa

e  PemakTopsl otorpadmuii

° BumeopenakTopsl

e Pab6ota ¢ 3D o6beKTaMu

e  Pennepmur

. IIporpammupoBaHue

e  MaitHuHT

. CTpuMUHT

INTousaTHe NIpoIECCOPA, €T0 XapaKTePUCTUKU
¥ IPUHIIUIIBI PaGOThI

BHelllHe 1eHTpaabHBIN IIPOIECCOpP He Mpef-
CTaBJIsIeT cO60I1 HMUYEro BbIAAIOIErocss — HeboJb-
mas MpsSIMOYTOJIbHAsI IIaTa C MHOKeCTBOM KOH-
TaKTOB C OFHOJ CTOPOHBI U IVIOCKOM MeTaJlinue-
CKoOIt KopobouKoit ¢ apyroit. Ho BHYTpM 3TO# KO-
POBGOYKYM XPAHUTCS CJIOKHENIIast MUKPOCTPYKTYpa
Y3 MWIIMAPA0B TPaH3UCTOPOB.

LleHTpasnbHBIi Tpoleccop (MMKPOIPOLECCOP,
LIEHTpaJIbHOE TIPolleccopHoe ycrporictso, CPU) —
CJIOXKHASI MUKpOCXeMa, SIBJISIONIasicsl TJIaBHOM CO-
CTaBHOJI YaCTbhIO JI060r0 KOMIIbIOTEepa. MIMEHHO
3TO YCTPOJCTBO OCYILIECTBIIIET 06paboTKy MHMOP-
Mal}U, BBITIOJIHSIET KOMaH bl TOIb30BaTENS U PY-
KOBOAUT APYTMMM 4aCTSIMU KOMIIbIOTEpA.

Vke MHOTO JieT OCHOBHBIMM IIPOM3BOAMTE-
JIIMM TIPOLIECCOPOB  SIBASIOTCSI aMepUKaHCKUe
komnauuu Intel 1 AMD (Advanced Micro Devices).
EcTb, KOHEUHO, U Apyrue MPOU3BOAUTENHU, HO MO
YPOBHS YKa3aHHBIX TUIEPOB UM JaJIEKO.

Honroe BpeMs Kommauus Intel 6bla Bemyieii
B pa3paboTKe TEXHOJIOTUIA, KOTOPbIE UCIIOIb30Ba-
JIUCh B COBPEMEHHBIX ITPOIeccopax, OJHAKO KOM-
nanug AMD He3amenuUTeNbHO MEpeHNMasa TexX-
Hojoruy Intel, mOMOJHSST X, BeOsl IIPU 3TOM I10-
JUTUKY 6ojlee HU3KUX IIeH, YTO K HACTOSIIEMY
BpeMeHU cJleJlajio0 MMeHHO ee BeJylleit KomIa-
HUEN.

Intel 1 AMD nocTOSTHHO GOpPIOTCSI 32 TIEPBEH-
CTBO B M3TOTOBJIEHUM BCe GoJiee TTPOU3BOIUTENTD-
HBIX ¥ JOCTYITHBIX IPOIIECCOPOB, BKJIabiBas B
pa3paboTKY OTPOMHBIE CPeICTBA ¥ MHOTO CUiI. VX
KOHKYPEHIIMS - BAKHBIN (PaKTOP, COOEeCTBYIONMIA
OBICTPOMY Pa3BUTHIO 3TOI OTpacian. B yacTHOCTH,
MO 93TOMi NpUUMHE LEeHTPAJIbHbBIN MPOIEeccop,

SIBJISIETCSI CaMbIM HaJeXHbIM KOMITbIOTEPHBIM
KOMITOHEHTOM I10 CPAaBHEHMUIO C OCTAIbHBIMMU.

PaccMOTpUMM OCHOBHbIE COCTAaBJSIOLIME IIPO-
11eCCOPOB U UX XapaKTEePUCTUKN.

SInpo — camblil TJIaBHBINA 3JIEMEHT LIeHTPaJib-
Horo mpoueccopa. OHO IpeacTaB/sieT co60i BbI-
YUCIUTENBHYI0 YacTh IIPOIECCopa, CIIOCOOHYIO
BBIMOJIHSTh OAVH MTOTOK KOMaHJ,

MHorosiiepHsbie IPoOIeccopsl — 3TO Tpoliec-
COpBI, COIepXXaliye Ha OLHOM IIPOLLeCCOPHOM
KpUCTaJIIe UM B OAHOM KOPITyCe IBa 1 60Jiee BbI-
YMCAUTENbHBIX spa. Bce coBpemMeHHbIe Tpoiiec-
COpBbI SBJSIIOTCSI MHOTOSILEPHBIMM, B YACTHOCTMU
00JIBIIION MTOIY/ISIPHOCTHIO MTOJIb3YIOTCS PELIEeHMUS C
2 - 16 agpamu Ha KpuUCTase.

O deKTUBHOCTh BBIUMCIUTEIBHBIX SAep pas-
HBIX apXUTEKTyp 3aMeTHO oTiuuaeTcsi. Ho ecnau
CpaBHMBATh MIPOIECCOPBI OJHOM apXUTEKTYpPbI, TO
yeM OoJjibllie Sifiep, TeM IPOLIECCOpP ITPOU3BOAM-
TeJIbHee.

B 2002 romy kommnanms Intel paspaborasna Tex-
Hosormio “hyper-threading technology”, HasbiBa-
eMyl0 Takke TMIeprnoTOYHOCThIO. [103ke KomIia-
Hus AMD porHaina Intel ¢ moxoskeit TexHosormesi
“MultiThreading”. Toc/ie BK/IIOYEHUS! TUIIEPIIO-
TOYHOCTHU OJHO GMU3MUECKOe TTPOIIECCOPHOE SIAPO
orpeenseTcsl OnepalyoHHONM CUCTeMOM Kak IBa
OTJeJIbHBIX TIOTMYeCKUX siapa.

C Tex OP KOJIMYECTBO IIOTOKOB HE BCETJa COB-
najgaeT ¢ KOJMUECTBOM sifiep Tpolieccopa. 3ava-
CTYI0 MCIIOb30BaHMe TUIIEPIIOTOUHOCTU TMO3BO-
JiSeT 3HAUMTeNbHO YBEJIUUYUTh IPOU3BOAUTEND-
HOCTB Ipolieccopa.

I[ToMMMO BBIYMCAUTENbHBIX sAep, IPOU3BOIU-
TeJIM YacTO BKJIIOYAIOT B COCTaB IIPOIeCCOPOB ellle
u sippa rpaduueckue. Takue IpoIieccopbl, Kpome
pelieHns] CBOMX OCHOBHBIX 33/1a4, MOTYT BbITION-
HAThb POJb BUAEOKAapThl UM OTBEYaTb 3a BbIBO[J
M300pasKeHMsI Ha IUCIIIEN.

B nocnenHee Bpemsi, BCTpOeHHbIE BUIEOKAPThI
XOpolIo paboTalT C COBPEMEHHBIM IpPOrpaMM-
HBIM ObecrieueHyeM, ¢ 6OJIBIIVMHCTBOM COBPEMEH -
HBIX UTP Ha HU3KUX HACTPOIiKaX, a TaKKe IMOJX0-
IOAT IS TIPOCMOTPA BUAEOMUIBMOB B BBICOKOM
KkauecTBe. [TouTu Bcerga Takoe pellieHue MO3BO-
JIIeT CYIIeCTBEHHO COKOHOMMThL Ha Tpuobpere-
HUM OTHEJIbHOTO Tpaduueckoro ajanrtepa B Buae
BUJE0KapPTHI.

11 CMHXPOHM3AIIUM BBIYMCIEHUI TIPOLeCccop
obpabaThiBaeT JaHHbBIE C 3aJep>KKOil B ompere-
JIEHHYIO eIMHUITY BpeMeH!, Ha3bIBaeMyI0 TaKTOM.

TakToBas 4aCcTOTa — KOJIMUYECTBO TAKTOB (CO-
OTBETCTBEHHO U UCIIOJHSIEMbIX KOMaHZ) 3a


https://www.intel.ru/content/www/ru/ru/homepage.html
https://www.amd.com/ru
https://ru.wikipedia.org/wiki/%D0%AF%D0%B4%D1%80%D0%BE_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://www.chaynikam.info/stat_gpu.html
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cexkyHay. OHa ITOKa3bIBaeT CKOPOCTh PabOThI ITPO-
eccopa, usmepsiemyio B repuax (I'T).

V meHTpanbHbIX MpoueccopoB Intel Core i3-i9,
ITOMMMO 6a30BOJi YaCTOThI, CYIIECTBYET TaKKe Ta-
Koe TIOHATME KaK MaKCMMAa/IbHasT 4YacToTa B
Turbo Boost. ITogo6Hass TeXHOJOTMS, aBTOMAaTH-
YyeCKy TOBbBIIIAET YacTOTY siAep Ipolieccopa Mnpu
BBICOKOJi HAarpy3Ke C LieJIbI0 YBeJIMYeHUsI IPOU3BO-
IUTETbHOCTU, TIPU ITOM KepTBYs dHeproaddex-
TUBHOCTBIO.

Y npoueccopoB AMD Ryzen mpepycmMoTpeHa
aHaJIOTUYHAS TEXHOJIOTHS 1)1 06eCIieueHns aBTO-
MaTMUYeCKOTO pasroHa IIpolieccopa, KoTopasi
HasbiBaeTcss Turbo Core. K mpumepy, y mporiec-
copa Ryzen 5 3500 6a3oBast 4acTOTa COCTaBJISIET
BenuuuHy 3,6 [T, a mMakcuMasbHasi 4acToTa B
Turbo Core coctasisieT Benuuuny 4,1 I'T1I.

Kani-rmamMsTh — 3TO BHYTPEHHSIS ITaMSITh IeH-
TPaJIbHOTO IIpolleccopa, KOTopas Heob6xoauma
eMy 17151 60Jiee 6BICTPOTO JOCTYTIA K YACTO UCIIONb-
3yemoit MHpopMaIn.

Kani-mamsTh 10 CKOPOCTM Tiepefauy OaHHbBIX
paspensioT Ha 3 pa3HbIX YPOBHS (OT aHII. Level)
cBepxckopocTHoii mamsaTu: L1, L2, L3. K kaxgomy
YPOBHIO IIeHTPAIbHBIN ITPOIleccop 06paiiaeTcs mo
ouepeny (HauMHas OT MEHBIIEro K OOJbIIEMY
YPOBHIO), O TOTO MOMEHTA IOKa He 0GHAPYKUT B
OTHOM M3 YPOBHEI HEOOXOAMMYI0 MH(POPMAIMIO.
B Tom ciryuae, eciiu HMUYero He 6yeT HaiIeHO, TO
uageT obpalieHnue K MeHee ObICTPOIi orepaTUBHOI
MaMsTH.

O6beM KIII-MTAMSITY OKa3bIBaeT BIMsSHUE Ha
MIPOU3BOUTENBHOCTD IIPOLIECCOPA, HO B MeHbIIIe
CTereHu, YeM KOJMUYECTBO SIIEP M YacTOTa Ipo-
meccopa. OHAKO B UTPaxX pasHMUIla MOXKET Bapbu-
poBaThbcs B AuamnasoHe 1-10%, a B mporpaMmmax ap-
XUBAIlMM AAHHbBIN MOKa3aTe/b UTPaeT KIIUeBYIo
pOb.

Kanr-mamsrp, sapa, rpadudeckue sapa u apy-
rve 3JeMeHTBbI ITpolleccopa M3roTaBAMBAIOTCS C
MOMOIIbI0 TMTOCTOSTHHO Y/TYUIIAIONINXCS TE€XHOJIO-
I'Mit, HasbIBaeMbIX TexIpolieccoM. Texmpouecc
MOKa3bIBAeT pasMepbl TPAH3UCTOPOB U U3MeEpSI-
eTCsl B HAHOMEeTpax.

YeM TOHBIIIE TEXIIPOIIECC — TeM GoJIbllle TpaH-
3UCTOPOB MOSKHO TOMECTUTh B OJMH IIPOILIECcop,
TeM OH OyIeT MpoM3BOAUTENbHee U 3Heprosd-
dextuBHee. OT TEXITPoIecca BO MHOTOM 3aBUCHUT
ele OJHa Ba)KHAsI XapaKTePUCTUKa MpoIeccopa -
TDP.

TDP (thermal design power) — KOHCTPYKTUB-
Hble TPeOOBAHMS K CUCTEME OXJIAKIEHUS TPOLIeC-
copa. OHa Io/DKHA OBITh CITIOCOGHA OTBECTU KOJIM-
YyeCcTBO  TeIUIOBOW  SHeprumu,  3asiBJIeHHOe

MIpOM3BOIMUTENIEM IpoLieccopa. JTO YMCIO U3Me-
psieTcsi B BaTTax u mokasbiBaeT CKOJIbKO SHepruu
BBIZIEJISIET IpoIeccop Bo Bpems pabotel. TDP 3a-
BUCUT OT MHOTUX ()aKTOPOB, CpeJii KOTOPBIX IJ1aB-
HBIMU SIBJISIIOTCSI KOJIMYECTBO SAEP, TEXIIPOLLEeCC
M3TOTOBJIEHMSI M YACTOTa PabOThI ITPOIeccopa.

HauBpicinii mokasaTejib TeMIIEpaTyphbl IIO-
BEPXHOCTH LIeHTPaIbHOIO MpolLieccopa, pu KOTo-
pPOM BO3MOKHA €ro HopMajbHasi paboTa, COCTaB-
asetr 54-100 °C. TemmepaTypa 3aBUCUT OT
Harpy3Ky Ha LieHTPaJIbHbIN ITPO1eccop U OT Kaye-
CTBa OTBOAA Teluia. B ciyuae mpeBblllieHUS TIpe-
JleJla CHMDKaeTCsl MOIHOCTh, HalipuMep B peXXuMe
Turbo Boost, mporeccop 6yaeT MOgHMMATh Ya-
CTOTYy fiep Ha BecbMa HE3HAUUTEJbHYIO BeJN-
ynHy. I103TOMY IIPOILIECCOPHBIN Kysiep mombupa-
eTcsl € 3aI1acoM I10 pacceMBaloleit MOITHOCTH.

s makcumanbHO 3 beKTUBHOI paboThI I1eH-
TPaJIbHOTO IIpoLieccopa, HeoOX0aMMO UTOOBI OH He
TOJIBKO MIMeJI XOpolilee OxXJIaKeHye, HO U IoyIyJal
JOCTAaTOYHOE MUTaHKe. DTO JOCTUTAETCS C TTIOMO-
IIbI0 MOITHOTO 6JIOKA MUTAHUS U MPOLYMaHHO
30HbI B VRM (Voltage Regulator Module) Ha maTe-
PMHCKOI II1aTe.

ITpu BBIGOpE TpOlLleccopa Takke CTOUT obGpa-
TUTb BHMMAaHMe Ha COBMECTMMOCTb MO pas3beéMy
LIT (coxkeTy) B MaTepUHCKO} IIaTe, TaK KaK OH
MpenroJaraeT yCTaHOBKY TOMbKO OIpeNeIeHHOTO
TUIIA NTpoLeccopoB. Kaxkablil HOBBINM COKET pa3pa-
6aTBIBAETCS ITPOU3BOIUTEIISIMU ITPOIIECCOPOB, KO-
I7la BO3MOKHOCTM CTapbiX pa3beMoB yske He MOTYT
obecrieunTh HOPMAaJIbHYIO PaboOTy HOBBIX M3[e-
auit. C 1e/blI0 9KOHOMUM CedyeT MpuobpeTaTh
LIeHTPasbHbII IPOLIECCOP C CAMBIM COBPEMEHHBIM
COKETOM, YTO6BI B OYAYIIEM MMETh BO3MOKHOCTD
He MeHSTb ero BMecTe C ycTapeBlieii MaTepuH-
CKOI miaToii. bosbilioe 3HaUeHUEe MMeeT TaKke
CUCTEMHAsl JIOTMKa MaTepUHCKON IaTel ("4ui-
cer"). Hy)kHO ybemuThCs, UTO OH IMOJIepsKMBaET
MPOIIECCOPBI C TAKOM apXUTEKTYPOIA.

B mapameTpax mpoiieccopa MOXHO BCTPETUTh
TaKMe ITYHKTbI KaK MaKCMaJibHasl CKOPOCTb I10[ -
JEep>KMBAEMOI OIEepaTMBHOM MaMSITU U €€ THUIL.
Iesio B TOM, YTO MHOTME MIPOI[eCCOPBI paboTaIOT C
OIHUM (pexke C NBYMSI) TUIaMy ramsiTi. CeromHs
crouT opueHTUpoBatbcss Ha DDR4 n DDR5. Taxke
MpOLIeCCOPbl MMEIOT OTPaHMUYeHUs] MO CKOPOCTHU
B3aMMOZENCTBUS C ONEePaTUBHON MaMATbIO. Eciu
yactoTsl O3Y 6yayT Bbllile, ueM 3asiBJIeHHbIE B Xa-
pPaKTepUCTUKAX IIpoIleccopa, TO CuUcTemMa Oymer
paboTaTh HA YACTOTE MOCTeTHUX.

KiroueBble xapaKTepUCTMKM ITpolieccopa B
Pa3HbBIX CIIEHAPUSIX €ro PabOThI U UX 3HAUEHNE
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ITepen TemM Kak Mbl HauHEM pacCMaTpUBATh
K/TI0UeBbIe XapaKTEePUCTUK ITPOIeCCOpa B PA3HBIX
CIIeHapUsSIX ero paboThl BaXXHO OTMETUTDb YTBEp-
KAeHue, MPUMEHMMOe K JII0ObIM KOMILJIEKTYIO-
MM KOMIIbIOTEPA B TOM UMCJIE M K MPOLIECCOPY.
“UeMm mosxe 6bUIa BbINYIIEHA O€Talb, TEM OHa
siyunie”. C KaKabIM HOBBIM IMOKOJIEHMEM IIPOMU3-
BOAUTEIM TIPOLIECCOPOB MCIIOIb3YIOT BCE Gosee
COBepIIIeHHbIE TEXHOJIOTUY TIPU MTPOEKTUPOBAHUN
M TIPOU3BOACTBE CBOei Mpomykiuu. [lpu sTom B
KOKAOM IIOKOJIEHMM OCTaeTcsl pas3bueHue Ha
KJIACChl, XapaKTepU3YIOUIMecs, B OCHOBHOM, O0[I-
sketoM. II09TOMY, MpU MPOUYMX PABHBIX, HOBbBIE
MOJe/IM MPOIeCCOPOB BCErAa MOJKHBI OBbITh IS
TOKyIIaTeNsl IpUOpUTeTHee cTapbix. Crooma ke
MOSKHO OTHECTM 3arac 10 MOITHOCTY, O KOTOPOM
HY’>KHO TTOMHUTD IIpU BbIGOpe. K cokaneHuio, ce-
TOJHSI TIPOIECCOPBl MOPAJbHO YCTAapeBalT I0-
BOJIbHO 6bICTPO, TMO3TOMY 6paTh MOMAEIN “BIIPK-
TBHIK” TI0 NIPOU3BOAUTEIBHOCTU WJIM MOZEIU BO3-
pacTom 6osiee 6-TH JIET — 3aB€JOMO ITPOUTPHILITHOE
perieHue.

IIK pgna odpuca niau goma

KommbloTepbl [ oduca MAM IOMa MMEIOT
CXOXMI1 MepeyeHb Liejiell, KOTOpble OHU I103BO-
JITIOT pelllaTh. ATO paboTa B TEKCTOBBIX U TaOINY-
HbIX pemakTopax, CEPGMHT B MHTEpPHETEe, BU-
IIe03BOHKM, ITPOCMOTpP (PUIbMOB OHIalH. B 60/1b-
IIMHCTBE C/yYaeB MaHHbIe 3a7auM PeIralTcs Ia-
pajuIeIbHoO.

PaccMOTpUM Kakue XapaKTepUCTUKU OYIOyT UT-
paTh KIIOUEBYIO POJIb MPU BBIOOpE ITpolieccopa
1071, JOMAIITHIOI MM 0(PUCHYI0 cOOPKY. [IJis perire-
HMS TIOAOOHBIX 3a/1a4, [0 CYyTH, HEOOXOIMMO I10-
JIYIUTDb TIPOCTEile NaHHbIE OT IOJb30BaTes,
06paboTaTh MX ¥ BHIBECTU 300 paskeHe Ha SKPaH.
Eciu mosyueHne JaHHBIX TOUTH He TpebyeT pe-
CYpCOB, TO 06paboTKa U BbIBOJ, MHGOPMALIUK YKe
B OOJIBIIION CTETIEHM 3aBUCST OT JAHHBIX U X TUIIA
0TOGpaskeHMsI.

Ipu c6opke KOMIIbIOTEPA B BOIIPOCE YCTAHO-
BUTb OIEPAlVOHHOM CUCTEMbl MHOTUE MEealoT
BBIOOD B CTOPOHY NocyiesHux Bepcuii Windows (10
u 11). OC Windows, naxker nporpamm “Microsoft
Office”, 6paysep, 1C, KoHcyabtauT Ilnoc, maker
CTIeNMaNTM3UPOBAHHBIX PACUYETHBIX IIPOrpPaMM,
PDF pupepsi, mecceHakepsl U ripouee 10, koTo-
pOe MOXKHO YacTO BCTPETUTh B OPMCHOM KOMITbIO-
Tepe, CErOJHS SIBJSETCS ONTUMMM3MPOBAHHBIM U
He MCIOJIb3yeT MHOTO PecypcoB Ipoiieccopa. ITo-
IOMOyT MoOenu Bcero c 2-4 siapaMu u 4-8 moro-
KaMy B 3aBMCUMOCTU OT KOJIMYECTBA OITHOBpE-
MEHHO OTKPBITBIX NMporpaMM. Takke ciemyeT 06-
paTuTh BHMMAaHMe Ha YacTOTY, KOTOpasl JOJIKHA

ObITb GoJsblie 3 ITi, ogHako mocie 4.5 I'Ti yBuU-
IeThb pasHUIY BO BpeMeHM OTK/IMKA IIPorpamm 6y-
IeT IIPaKTUYEeCKY HEBO3MOXHO.

Texmpotiecc jydiiie BbIOVpaTh 14 HM U MeHee.
B maHHOM ciTydae 3TO ITOKa3aTeab HOBU3HBI MPO-
Ieccopa — 4eM MeHblle Texmpoiecc, TeM LIT HO-
Bee U Ipou3BoAuTebHee, a ero TDP Huke.

Hu3ko610mkeTHbIE MPOLeCCOPbl He IOoTpe6-
JISTIOT MHOTO SHEPTUM U, COOTBETCTBEHHO, MMEIOT
He6osnbuve 3HaueHus: TDP (35-65W). IToatomy
MOXXHO paccMaTpuBaTh MOYTH JTI060N Kysep, a B
BbIGOpE 6JIOKA MUTAHMS M MaTEPUHCKON IUIaTh
CTOUT YAENUTh BHUMAaHMe pas3Be uTo coreTy. OH
IOJIKEH COOTBETCTBOBATh MPOIIECCOPY U He GbITh
yCcTapeBalonMM. AKTyaIbHbIe OI0/IKETHbIE COKETDI
cerogus — 310 AM4, LGA 1700, LGA 1200.

3avacTyio AJig TaKux paboumx MecT XapakKre-
pEeH HU3KMi OI0JIKET, a 9TO, B CBOIO OUepe/Ib, BIIM -
seT Ha BbIOOp mnepudepuitHbie YCTpPONCTBa.
Hampumep, cerogHsi 04eHb pacIpoOCTPaHEHO pas-
penieHue MoHuTOpa B 1920x1080 mukcemnei, min
Full HD. [Ing oTobpaskeHus1 OMepalnyMoHHOi Cu-
cTeMbl, 6pay3epa U 6a30BbIX MPOrpaMM B TaKOM
paspenieHny BIOJIHE TOCTATOYHO MOUTHOCTHU I'pa-
(buyeckoro simpa, BCTPOEHHOTO B COBPEMEHHBI
niporieccop. [Ipu moucke ciegyet o6pariaTh BHU-
MaHMe Ha cypbMKC B KOHIle Ha3BaHMUsS MPOLeC-
copa. Y Intel He go/mxHo 661Th “F”, a y AMD pmoin-
KeH TpPUCYTCTBOBaTh cypdurc “G” mmm “GE”.
CTOUT OTMETUTh, UTO IPOIECCOPbI KOMITAHUMU
AMD 3HAUNTENIHHO BBIUTPLIBAIOT B COOTHOIIEHUN
IleHa / TMPOU3BOAUTEIHLHOCTh BCTPOEHHON Tpa-
bukmn.

Pestomupysi, nmpu BbIOOpe Mpolieccopa B II0-
MaIrHui1 uav oducHbIi ITK Heo6X0IMMO B ITEPBYIO
ouepelb PaCCMOTPETh MO C BCTPOEHHOI Tpa-
ukoit (kenatesbHO 0T AMD) M MayIbIM TeXIpPO-
eccoMm. Heo6xomumoe KoamuecTBo siaep — 2 - 4 (c
HaJIMYMEM TEXHOJIOTUM YBETMUEHUS MOTOKOB), a
BeJIMUYMHA TaKTOBOJ YacTOThI — 3 - 4.5 I'T1I.

Eciv MeHSATh KOMITBIOTED He IUIaHUPYEeTCs
MPOIOJIKUTENIbHOE BpeMs (6osiee 10 JIeT), TO CTOUT
paccMoTpeTh 60Jiee TOpOrve BepCcum IMpoLiecCopoB
C IMarta3oHoM 1ieH B 75 -100 mosutapos.

KoMrmbroTepHbIe UTPBI

B 1enoM, mpolieccop MUrpaeT BaXKHYIO pOJib B
obecrieyeHUM MPOU3BOAUTENBHOCTY U TUIABHOTO
urposoro mpouecca. OH o6pabaTbIBaeT pasany-
HbIe BBIUMCIEHMSI, BBOJ ¥ BbIBOJ, JaHHBIX, OOMEH
CeTeBbIMM COOOLIEHMSIMY U YIIpaBJeHUE pecyp-
caMM CHUCTEMbI, UYTOOBI 0OECIeUNTh HaMTYyUIInii
UTPOBOI1 OIIBIT.



AKTYyaJbHBIE UCCTeJOBAHUS ¢ 2023. N223 (153)

Q TexHUYecKre HayKH | 31

KoMmbroTepHbIe UIPBI 11O TPEGOBAHUSIM K ITPO-
1IeCCOPY MOKHO pa3fie/IUuTh Ha KMOEPCIIOPTUBHBIE,
AAA npoexTsl, VR IIpOEKTHI.

KubepcropTuBHbIe UIPbI, TaKKe KaK IIyTepPbI
ot nepsoro juna (FPS), cTpaTernu B peajibHOM
Bpemenu (RTS) u urpsi skanpa MOBA (MHOTOIIOJb-
30BaTe/bCcKasl OHJIAliH-60eBasi apeHa), OOBIYHO
Tpe6GyI0T OBICTPBIX Peakiuil ¥ MOMEHTAJIbHOIO
MIPUHSTUS pellieHnit. UToObI yCIieTh 3a JYHaMuUue-
CKM W3MEHSIIOIIeNics cuTyalueil Kubepcropre-
MeHYy Heo6X0IuM CTabuIbHbIi BbicOKMIi FPS. ITpy-
TMMM CJI0BaMM, MOJ, TakKue HYXAbl KOMIIBIOTED
IOJDKEH OBITh HE CTOJIBKO MOIIHBIM, CKOJIBKO
6nicTphiM. Ha xapakTepucTukax mpoliieccopa 3To
OTpaskaeTcsl CJIefyIIIMM 06pa3oM B MPUOPUTET-
HOJ MMOC/IeIOBATENIbHOCTM OT GOJIBIIETO K MeHb-
uemy:

—  TakToBasg 4acToTa HOJIKHA CTPEMUTHCS K
MaKCMMaJbHO BO3MOXKHOW B paMKax OIO[IKeTa;
MUHMMYM JJI1 COBpeMeHHOro KubGepcropTra co-
crasisier 4.5 - 5 ITw.

— Tloppmepkka BBICOKOYACTOTHBIX MOJIYyJEN
ornepatuBHoy mnamsaTu DDR4 (eciu mosBossieT
6romxet, To DDR5).

— BosmoxHOCTh pa3roHa (BO3MOXHOCTb
MPOTrPaMMHO YBEJIMUMUBATDH TAKTOBYIO YaCTOTY MO-
KT cIesaTh IIPOIeccop MPOM3BOAUTEbHEE HA 5-
20%).

— Toppepsxkka nuuuii PCI-E Bepcum 4.0+ B
IOCTaTOYHOM KOJIMUYECTBE IJ1s1 BUAEeOKapThI U CKO-
pocTHbBIX XpaHuauil M.2 NVMe SSD.

—  VBeJunueHHbI 06beM Ka1u-mamsaTy (16 MB
1 6oee).

OTU IpaBuiIa XapakTepHbl U Ajst VR-urp, oc-
HOBHAsl OCOOEHHOCTh KOTODPBIX — 3TO BO3MOXK-
HOCTb MOJIHOTO MOTPY>KEHUSI B BUPTyaabHOE MPO-
ctpaHcTBO. C momoipio VR-1JieMa 1 KOHTPOJIIe-
POB UTPOK MOXXET BUAETb U C/IbIIATh BUPTYaslb-
HBIi MUD, a TaKKe B3aMMOJEiCTBOBAaTh C HUM, UC-
TOJIb3YSI CBOU ABVDKEHMS U KeCTbhl. [IJisT MOJIHOTO
MOTPY>KeHUS UTPOK He JOIKEH BUNETh MUKCEIN U
CMEeHSoIIMecss KapTMHKM, MOITOMY CyMMapHOe
paspeuienue auH3 VR-1ema conoctaBumo c 4K,
a KOJIMYeCTBO KaZpoOB B CEKYHAY JTO/DKHO OBITh He
meHnbie 90. [TosTomy ucnonb3oBanue VR sBms-
IOTCSI OUeHb TPeOGOBaTETbHBIM K PecypcaM KOMITb-
I0Tepa mpoieccoM. beicTpoaeicTBIe mpoieccopa
3aBUCST OT KOHKPETHOM VR-UTpbl, HO peKOMeHY-
ercsl uMeTb MOLIHBIN LIl ¢ xapakTepucTUKaMu,
CXOKMMMY C Tpe6OBAHMUSIMM JIJIST KUOEPCITOPTUBHBIX
COOpOK.

AAA-urpel, iy urpsl AAA-ypoBHS, OOBIYHO
SIBJISTIOTCSI CAMBIMM aMOMIIMO3HBIMM ¥ TpeboBa-
TEeJbHbIMM II0 OTHOLIEHMI0O K MOILIHOCTHU

KoMmbioTepa. OHM 00J1aJal0T BbICOKOKAYECTBEH-
HOJi rpaduKoii, CJIOKHBIMU (QUIUMIECKUMMU UCUMC-
JIEHVSIMM, MACCOBBIMY MMUPAMU, OOTBIINM KO-
yecTBOM JeTaneit u apdexktamu. [TosTomy nj1s 3a-
MycKa M IUIAaBHOTO UTIPOBOro mpoijecca B AAA-
Urpax o6bIYHO TpebyeTcss MOUIHBIN KOMITbIOTEp C
BBICOKO1 MPOM3BOAUTETbHOCTBIO.

TpeboBaHMS K IIPOIECCOPY MOTYT OBITH BbICO-
KMMM, 0OCOOEHHO eCjIM UI'pa OCHOBaHa Ha ¢u3nue-
CKOM JBMKKE MM MMeeT MacIlTaOHble OTKPBIThIE
MMPBI C 60JIBIIMM KoJmuecTBOM UM -niepcoHaskesi
u pusmueckux 06beKToB. OTHAKO OATh KaKUe-TO
KOHKpeTHbIe PEKOMEHAAINY OYeHb CJIOKHO, TaK
KaK Kaskgasi KOMITbIOTepHAs Urpa B IjlaHe Tpebo-
BaHMI1 K pecypcaM o4yeHb MHAMBMUAyaabHa. Heko-
TOpbIE UTPbI ONTUMMMU3UPOBAHBI Ha paboOTy C He-
CKOJIBKMMMU IIPOLIECCOPHBIMU SIAPAMM, HEKOTOPBIE
BO3/IaraloT MOHNO6GHbIE BBIUMCIEHMS Ha BU-
JleoKapTy, HEKOTOpbIe pa3pabaThIBaauCh BO Bpe-
MeHa, KOT[la 0 HeCKOJIbKMX SIIpaxX Ha OJHOM IIpO-
1eccope pas3paboTUMKYM MOMPOCTY He 3HAIU WU
3TO 6bUTO HEe MOZHO. [ToaTOMY ITpM BbIGOpPE JTyU-
IIero Mmpoljeccopa B OTHOIIEHUN 1[eHa/3afava IJis
AAA-urp cTouUT 06paTUTh BHMMaHME Ha MHOIO-
YlC/IeHHble CPaBHUTEIbHbIE T€CThI KOMIUIEKTYIO-
HIIMX B KOHKPETHOI UTpe.

OJHaKo ecIy KOMIIbIOTEp cobupaeTcs “c 3afe-
JoM Ha Oymyiee” Tof, j00Oble HOBbIe TpebOBa-
TeJbHbIEe UIPBI, TO CTOUT pacCMaTpuUBaTbh 6-8
siIepHbIe MPOIIECCOPBI TOCAETHEr0 WM TPeAIIo-
cnepHero mokojeHmnii (Core 12xx-13xx mjs Intel u
Ryzen 7xxx nnss AMD). B cepenune 2023 roga st
MOJIeJI U3ObITOYHBI U TTO3BOJISIT TIOUTPATh B JIIO-
Oble BbINIEAIIE UTPbI B KOMMOPTHBIX 60 1 60see
KaJpoB B CeKyHAy. [IpMueM yeM BbIllIe pa3pele-
HMe, TeEM MeHbIIIe 3a/Ie/ICTBYeTCs IIPOolleccop, Mmo-
stomy RTX 4090 u Ryzen 5 5600X — cbanaHcupo-
BaHHasI CBSI3Ka, €CJII MOHUTOP MMeET paspelleHne
4K.

OtHocutenbHo AAA-urp, B 1eoM, pa6oTaer
npaBuio “yem moposke 11 - Tem mosblile OH 6ygeT
OCTaBaTbhCS 6ECKOMITPOMMCCHBIM pelleHnemM”, o -
HaKo 1oka yTo 6path Mmoaenu ¢ 10 u 6oee sapamm
IJIST UTp HelenecoobpasHo. Cobupast KOMIIbIOTED
IS KMOepCIOPTUBHBIX U VR-UTP, JOMUHUPYIO-
IIast YacTh BHUMAaHMS TOJDKHA YAEISIThCS MUMEHHO
yacToTam - TakToBbIM 1 O3VY. He numHuMu 6ymyT
BO3MOXHOCTb pa3roHa, YyBeJIWYEHHBbII 06beM
Kou-ramsatu L3 u nognmepskka auHauii PCI-E Bep-
cun 4.0+,

06paboTKa 3ByKa

O6paboTKa ayauo TpebyeT BHITIOJTHEHMS pas-
JIMYHBIX OTeparnyif, TAKMX KaK CMeIIVBaHNe 3BY-
KOBBIX  [MIOPOKeK, TMpumeHeHue 3pdeKToB,
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M3MeHeHMe TOHAJbHOCTY U TPOMKOCTU U ApyTue
omnepanyy 06paboTKy 3ByKa. Bce 3Tu BhIUMCIEHUS
BO3JIaraloOTCsl MMEHHO Ha MIPOIEeCcCop, MO3TOMY B
c6opke KOMITbIOTepa IJist 06paboTKM 3ByKa Ha HEM
He CTOUT SKOHOMMUTb.

IMpoueccopsl OoT Intel MOKasbIBAIOT OIIYTMUMO
OOBIIYI0O MPOU3BOOUTENIBHOCTh TIPU paboTe co
3BYKOM, Hexkesu nporeccopsl oT AMD. Bc€ meno B
onTUMM3aIMK coBpeMeHHoro ITO s paboTsl Co
3BYKOM ¥ MY3bIKO/ MMEHHO IO, IIPOLIeCCOPhI OT
Intel.

Ecim mmaHupyeTcst MCIo/ib30BaTh KOMITBIOTED
TOJIBKO C 3TO¥1 11€/IbI0, TO CTOUT OOPaTUThH BHUMA-
HIe Ha BCTpoeHHoe rpaduyeckoe sapo. C TOUKM
3peHus rpaduveckux BbrumciaeHuit takomy IIK
He0o6X0aMMO OYHET TOJMbKO BBIBOIUTH MHTEPGEiiC
OIepalMOHHON cucteMbl M IporpaMM. C 3TuUM
CIIPaBSTCS BCe BCTPOEHHbIE B Ipoleccop rpadu-
yeckue uuibl HaumMHas ¢ Intel UHD Graphics 730.

I mpoM3BOACTBA MY3bIKM B PeaJlbHOM Bpe-
MeHM (He PpeHAEepUHr TOTOBOro MaTepuasia)
OTPOMHYIO POJIb UIPAEeT TAKTOBAsl YacTOTa IIPO-
1eccopa. BbITTONHATL OCHOBHbIE 3amauy 6e3 3a-
METHBIX 3a[epkeK M o0ecreurBaTh IJIABHYIO pa-
60Ty MMO3BOJISIIOT IIPOLECCOPHI HAUMHAS C YaCTOThI
B 3IT, To ecTh rmoutu jo6bie 1. OgHaKo aJ1s 06-
paboTky 6oJsiee CIOXKHBIX ITPOEKTOB PEKOMEHIY-
I0TCS 4acTOThI B 4,5 I'T1 u 6otee.

[Tpu 06paboTKe ayJ1o MHOTOTIOTOYHOCTD 1103-
BOJISIET 00pabaThIBaTh OOJbIIE ayAMOIOPOKEK
VIV BBITIOTHUTD HECKOJIKO OIepaliuii OJHOBpe-
MeHHO. [IJ11 60JIbIIMHCTBA ITPOCTBIX ayaMOIIPOEK-
TOB, BKJTIOUAsl 3aMMCh HECKONIbKUX ayAMOA0POKEK,
nmob6asiieHe 3¢@deKToB ¥ MUKIIMPOBaHME, TOCTa-
TOUHO Mporeccopa ¢ 4 sapamu. OgHAKO, eciu y
Bac ecTh 60J1ee CJIOKHbIE ITPOEKTHI C GOJTBIITUM KO-
JIMYECTBOM ayAyMOIOPOsKEK, OOIIMUPHOI 06paboT-
KOI M MCIIOJIb30BAaHMEM MHOKECTBA IUIarMHOB U
3¢bdexToB, TO CTOUT TMOUCKATH IPOIECCOpP C
O6BIIMM KOIMYECTBOM siiep (6, 8, 12 u Gomee).
VBenuueHue KOMMYECTBA SIep IMO3BOJUT YCKO-
PUTH MPOLIECC PEHIEPUHTA ¥ 06PabOTKY AAaHHBIX B
peXXume peasbHOTO BpeMeHM, OFHAKO OT[AaBaiiTe
NpeArouTeHNe IPoLeccopam C BbICOKO TaKTOBOM
YacTOTOM.

IMomyyaeTcst, ¥To 06paboTKa 3ByKa TpebyeT OT
mpoiieccopa HaJInumsl TAaKTOBOM YacTOTHI Gosee
4.5 TT1 u oKojo 4x siiep Ha COBPeMeHHOI apXu-
TekType. bonbieit 3¢deKTUBHOCTY TTPU MMOKYIIKE
MOSKHO TOOUTHCS, TpMobpeTast unmbl oT Intel ¢ MH-
TErpyupOBaHHBIM rpadUuecKuM SIPOM.

PenaktupoBanue dororpaduii

I Havasma 03HAKOMUMCS € OoQUIMaTbHbIMM
CUCTEMHBIMM  TpeOOBaHUSIMU or  Adobe

KacaTeJbHO BeJIyIlero Ha CeroHSIITHNI TIeHb rpa-
(uueckoro pemakropa - Photoshop. Peub mpo Bep-
cuio 24.0 — mpo mocaegHee Ha OAHHBI MOMEHT
obHOBJIEHMe, BhIlenlilee B OkTa6pe 2022 ropa.
Tpebyetca “mpoueccop ¢ yactoToit or 2 ITu, ¢
oaaepskKoii MHCTpykiumii SSE 4.2 u 64-6uTHOI
APXUTEKTYPHI”.

ITox, 3TO omnyMcaHyMe NMoaxoaaT Mmoaenu gaxke 10-
JIeTHel aBHOCTM, a BeAb MPOLIECCOpP — BakKHEl-
M KOMIIOHEHT 17151 paboThl B Photoshop. ®oTo-
peIakTop IBWIKETCS B CTOpPOHY pabotel ¢ GPU-
YCKOpeHMEM, TO eCTh Ha BMIeOKapTe, HO HA JaH-
HbI/l MOMEHT ITOYTH BCE OTIePAIMM BBITIOIHSIIOTCS
MMEHHO Ha IIpoIieccope.

Ilyist Photoshop Hy>KeH «ITpaBUJIbHBIN» ITPOLIEC-
cop, a He camblii moporoii. Photoshop sddek-
TUBHO HarpyskaeT TOJIbKO 0 8 GU3MUECKUX siaep.
KpaTko roBopsi, apxuTeKTypa U yaeJbHas Ipou3-
BOJIUTEIBHOCTh Ha SIAPO 3HAUUTETbHO BaxkKHee,
YyeM IPOCTO KOJMYECTBO Siep, — PasHUIA MEKIY
“8-amepuukoM” u 12/16-amepHbIMM  UMIIAMU
MPaKTUYECKM OTCYTCTBYET. [OBOpPS 0 MUHMMAJb-
HBIX TPEOOBAHMSX, 4 He CAMbIX CTAapbIX SIZIpa CIIpa-
BSITCS ¢ 6a30BBIMM TIpOLieccamMmyu 06paboTKy 13006-
paxkeHuit. Bonbiee KonmnuecTBo simep OymeT Io-
JIe3HO TIpM HaJAM4YMM 3ajdad, KOTopble (oromon
MOXKET pacIpenenTb Mexay sapamu. Hampumep,
npu pabote ¢ Gompuimmu (aitamu, comepska-
MMM MHOKECTBO CJI0€B, MM C MHOTOKaHaIb-
HbIMM U306pakKeHUSMU.

Bonbile BHMMaHMS, TTOXKAIYIA, CTOUT YIEIUTb
MaKCMMAaJIbHBIM YaCTOTaM ITpolieccopa u Mmoamep-
>KMBaeMOoJ OllepaTUBHOM MamMsTh. YeM OHM BbIlIIE,
TeM ObICTpee 3arpy3Ka 1 coxpaHeHue $aitios, OT-
KpbITHE U 3aKPBITHE JOKYMEHTOB, a TAKKe BHITTIOJ-
HeHMe omnpeneieHHbIX GuabTpoB u 3(pdeKkToB B
(dororione, Korga oHM 06PabaTHIBAIOTCS MIOCIEIO0-
BaTeIbHO. Bo BpeMst MHTepaKTUMBHOTO PeAaKTUPO-
BaHMs B GoTOILIONe, KOT/Ia IT0JIb30BaTe b B3aMMO-
IeiCTBYET C MHCTPYMEHTaMM U BBITTOJIHSIET MIHO-
BEeHHbIe M3MEHEHMs, BbICOKAsl YacTOTa Mpollec-
copa obecrieunBaeT 6bICTPOE OTKINK. OpUEHTUPO-
BaTbCS HY>KHO Ha MOJEJIM C YacToTOo OT 4,5 T u
yacroTtoit O3V ot 3,2 I'T1.

BumeokapTa HayaJbHOTO YPOBHS (HaImpuMmep
GTX 750 4GB) otsinuHoO cripasisieTcsi ¢ 3pdbexTamu
¢ GPU-yckopenuem, moctymHbiMu B Photoshop.
TexHMYeck MOKHO OOOITHCH BOOOIe 6e3 BU-
IleOKapThl, ¥ UCIIOIb30BATh BUIEOSIAPO, BCTPOEH-
HOe B MPOLIeccop MOCAeTHUX MOKOJEeHUI, HaTlpy-
Mep RX Vega 8 8 Rysen 5000 cepun. OgHaKo, COB-
MEeCTHO C BUIe0KapToii, mpolieccopsl Intel mokaxy
cebs1 HEMHOTo 00Jiee BBIUTPBIIIHO TaK Kak
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paspabotuuku I1O cTapawTCs ONMTUMU3UPOBATH
CBOM MPOAYKTHI TIOJT, 3T IIPOIIECCOPBI.

Wtak, mjisg KoMGOpTHOI paboTsl ¢ hoToMare-
pUaIoOM yMeCTHBI C/leIyIollye XapakTepUCTUKU:

-  4-8 gnep LII.

— Yacrora npoueccopa ot 4,5 I'T1 1 yactora
O3V or 3,2 IT1.

—  Ecmm mnaHupyeTtcs BUAeOKapTa — IPUO-
puUTeTHee UMbl OT Intel.

BupeopenakTopsbl

B mporiecce BupeomMoHTaka OT MpOIleccopa 3a-
BMCUT HACKOJIbKO IJIABHBIM GYIET IMPeaIIpOCMOTD
MaTepuasia, HAaCKOJbKO OBICTpPbIM OymeT o6pa-
60TKa MpUMEeHSIEMbIX BIIE0- 1 ayano3(¢heKkToB u
HAaCKOJIbKO BBICOKMIA 00b€M MCXOIHBIX MaTepua-
JIOB MOKET ObITh 00paboTaH.

Taxoke MPOIECCOP OTBEYAET 32 KOAMPOBAHME U
IeKonupoBaHue BUIeodailyioB, KOTOpble MOTYT
6bITh B CKaTOM Qopmate (Hampumep, H.264 nin
HEVC). OH pacnakoBbIBaeT CXaTble OAaHHbIE U
npeo6pasyeT Ux B pasjnuHbie (GopMaThl, C KOTO-
pPBIMM BUIEOPEAAKTOP MOKeT paboTaTh. [Ipu me-
KOZMPOBaHUM BI €0, 0CO6EHHO C BBICOKMM pa3spe-
IIEHMEM M BBICOKMMM OUTpeiiTaMy, MHOTOSIIED-
HBII1 TIpo1ieccop 6ymeT crpaBisiThes 6oiiee addex-
TUBHO.

OTmpaBHOJT TOUKOJI IpM BbIGOpE IIpolieccopa
IS BUIEOMOHTAKA MOSKEeT CTaTh Hajauuue y mpo-
meccopa texnosoruu Intel Quick Sync Video. 3to
TEXHOJIOTYsSI, BCTpOEHHas B Ipolleccops Intel, Ko-
TOpast MpeOCTaBJIsIeT arapaTHOe YCKOPEHMe JIJis
KOAMPOBaHMUSI U IEKOOMPOBAHUSI BUMIEO B BeIy-
MIMX IMaKeTax IMPOrpaMMHOr0 obecreueHust Ijisi
BUIIe006paboTKM M KoxyupoBaHMs. OHA MCIIOJb-
3yeT crenuaibHble MHCTPYKIUY U PEeCYpChl IPO-
1eccopa, yckopswoiue o6paboTKy BUIEO B pe-
SKMMe peabHOTO BPEMEHN.

Ho camoe riaBHOe — B OT/INUME OT MMOHOOHBIX
TEeXHOJIOTUIA B JIIOOBIX BUAEOKapTax, TOJbKO Intel
Quick Sync (11-oe mmokoseHMe MPOIeCCOPOB U HO-
Bee) MOJIePXKMBAET JII0O0YI0 GUTOBYIO TIyOUHY U
JOOYI0  CyGAMCKPETU3AIMI0 I[BETHOCTU. ITO
TOYHO OyAeT moJie3HO IpodeccroHaaaM C JOpo-
roii BUAEOTEXHUKOI, MO3BOJISIIOLIEN CHMMAaTh B
caMbIX pasHbIX (opMaTax KOOMPOBAHMUSI BUIEO.
Ha caiite Intel MOXHO 03HAKOMUTBHCS C KOHKPET-
HBIM CIIMCKOM IPOII€CCOPOB C MHTETPUPOBAHHONM
rpadukoit, umernomux TexHosoruo Intel Quick
Sync Video. Y uumnoB or AMD ecTb ajbTepHaTUB-
Hasg TexHojorusa — Video Core Next, umeromas
CXO3KMEe XapaKTePUCTUKU U TIPUHLIUITBI PabOTHI.

Ecnu rutaHupyeTcst OTAaBaTh WM TTOJTYYaTh BU-
IeoMaTepuanbl B apXMBUPOBAHHOM BUAE, TO

MOXKeT OBITh ITOJIE3HO MPUCMOTPETHCS K Mpoliec-
copaM ¢ K31 mamsThio L3 6osee 20 M6aiiT.

BrIcTpoe JeKoaMpoBaHue BUIEO TpebyeT Mmpo-
Leccopa € JOCTaTOYHO BbICOKOV TaKTOBOM 4acTO-
TOJ, YTOOBI 06ECIIeUNTh IJIABHOE ¥ HeIPpepPhIBHOE
BOCIIpOM3BeieHIe MpeABapUTeIbHOIO pe3yibTaTa
BUIEOMOHTaKa. TakkKe OT YacTOThI OYAEeT 3aBU-
CeTb OT3bIBUMBOCTD MMPUJIOKEHUS B 11€JI0M, BbIpa-
SKaoMIasicsl B CKOPOCTU MpuMeHeHust 3G (PeKToB u
M3MeHEeHU, OTKPBITUS U To6aBeHus (aiios.

PaccmaTrpuBasi cucTeMy, Tlie PeHAEPUHT MpPo-
MUCXOINUT YCUITUSIMM BULIEOKAPTHI, 3a7aua Mpoliiec-
copa 3aKIvaeTcs B AenmbpoBaHUM KaApa, B OT-
MpaBKe ero Ha rpaduvecKkuit yCKOpUTeIb U B T10-
JaydeHUM pesyibTaTa 06paboTku. I[loaTomy Heob-
XOOMMO 06eCIeunTh CKOPOCTHYIO Iepemavy JaH-
HbBIX Mexny Bugeokaptoi u LII. 3a 3T0 oTBevuaer
mHa PCle, a e€ Bepcusi OTBETCTBEHHA 3a LOCTa-
TOYHYIO IIPOITYCKHYIO CIIOCOOHOCTD.

IMonpiToxkum. IIporeccop aast paboTbl B BU-
JleopefakTope NOJKeH uMeThb 6-10 saep, 4acToTy
oT 4.5 ITu, kamr-namsaTb L3 ot 20 Mb, mmnay PCle®
Bepcuu 4.0 1 HOBee, a Takke Moamepsxkky Intel
Quick Sync Video mim Video Core Next.

Pa6ota c 3D o0beKTamMu

B 3T0i1 06/1aCTH TIpMMEHEeHMSs MPOLIeCcop Mo-
SKET UCITOHATh (QYHKIMYU YCTPOVICTBA AJISI peHae-
pMHIa U YCTPOICTBA AJ1s1 B3auMoeicTeus ¢ 3D-
MPOrpaMMOIi B peskume peasibHOTro BpemeHu. [1po-
1lecc peHJiepyHra pacCMOTPUM B OIHOI U3 ciiey-
IONIUX pas3fiesioB CTaThy, a TTOKA OCTAHOBUMMCS Ha
BTOPO¥ QYHKIINMN.

3D-mopenupoBaHue, CKYJABITUHI, TEeKCTYpU-
poBaHMe, OpraHm3alMsl OCBeLIeHUsI U CO3aHue
aHMMAIMM — 3TO aKTUBHbBIIA paboumii IMpolecc.
ClieHa ITOCTpoOeHa I10 OIpeie/leHHON Mepapxum u
Tpolieccop JOJIKeH IIar 3a 11arom MpoK/aibiBaTh
cebe myThb yepes 3Ty uepapxuio. OH He MOXKeT IIPo-
MyCTUTDb WJIN PasTPy3UTh OMpeJie/ieHHbIe IIaru Ha
Ipyrye siapa, TOTOMY UTO OOJIbIIMHCTBO IIaroB 3a-
BUCSIT PYT OT JIpyTa.

IMoaTomy uepueHue gertasneit u pabora ¢ Mope-
JISMM B CUCTEMAax TPeXMepPHOTO IPOeKTUPOBAHMS
SIBJISIETCSI OOHOIIOTOYHOM 3ahaueit win 3ajave ¢
HeGOJBIIIM KOJIMYECTBOM ITOTOKOB. Ha cKOpoCTh
OTKJIMKA TIpUIokeHUsT U 3(DGEeKTUBHOCTD BbITION-
HeHMS KOHEYHBIM I0Jb30BaTeleM TaKuxX 3ajgad
CYLIeCTBEHHO BIMSIET TaKTOBAasl yacTOTa Mpoliec-
copa, ¥ YeM OHa 60JIbllle — TeEM O0JIee OT3bIBUMBOIA
OymeT cpema paspabOTKM.

OIHAKO MHOTOSIIEPHOCTb MOSKET TTPUTOIUThHCS
IIpy TeHepaTUBHOM IIPOEKTMPOBAHUM MM OVHA-
MMYECKOM MoJeanpoBanuu. 3PEGeKTUBHOCTD pa-
OOTBI CPeZICTB MOJEeTMPOBAHMS CUJIBHO 3aBUCUT OT
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MIPOTYCKHOJ CIIOCOGHOCTY MTaMSTH, TTI03TOMY UeM
60JbIlIe KAHAJIOB OIEPATUBHONM MaMSITH TOIIep-
SKMBaeT Iporieccop paboyeit CTaHIMM, TEM JIyUIIIE.
B aTOM ciyyae 6yIyT yMeCTHBI CepBepHbIe MO
C MHOXXEeCTBOM ITOTOKOB ¥ GOJIBIIMM OOGBEMOM
K3UI-MaMsTU. B nmpuHLIMIIE, UeM JOPOKe MOIENN,
TeM MeHbIle BPpeMeHM IOTpeOyeTcsl Ha MPOCUYET
3TUX MPOLLECCOB.

HViToro, eciu cucTeMa He IJIaHUpYyeT 00pabaThi-
BaTh AMHAMMUUECKOe MOieIMpOBaHMe U reHepa-
TUBHOE IMPOEKTUPOBaHME, TO HEOOXOIMM IIPOIIeC-
COp C MaKkCUMMaJbHOJ TAaKTOBOJ 4YacTOTOM. 3aua-
CTYI0 YMITBI C YACTOTOM BBILIE CPeIHEro 3HaUYeHUsI
(4.5 TTu) umeroT 1o 6-8 snep, BIIOJIHE TOCTATOY-
HBIX JJIS1 TTapajuIesIbHOM paboThl U B APYTUX IPO-
rpaMMax.

Penpepunr

CyuiecTByeT JBa MOMYJSIPHbIX METOHa peHIe-
pMHTa U306pakeHni, BUIEO U aHMMAaLIU: peHe-
puHT Ha LTI 1 peHmepuHr Ha rpadUUYeCcKOM IIpo-
meccope.

Ecnn BusyanmmsmpyeTtcsl CilOXHasl ClieHa, rae
TOYHOCTb MIMeeT IepBOCTeleHHOe 3HaueHue — CU-
My PU3UKU, CUMYISIUS BOOBI U T.O., TO
Jiyuuie ucnonb3oBaTb CPU. OTo CBSA3aHO € T€M, UTO
LIIT oTAMYHO CIIpaBjsieTcsl ¢ 06paboTKOoi 60JIb-
IIOTO KOJIMYeCTBa MHGOPMALMM ¥ [eaeT 3TO
TO4YHO. PeHepunr Ha CPU umeroT JoCTyn K orie-
paTMBHOI MaMSITU KOMIIbIOTepa. DTO MO3BOJISeT
MCITOJIb30BaTh OTPOMHBIE 0O'bEMbBI TTAMSITH, KOTO-
pbIe MOKHO B JTI0607 MOMeHT HapacTuTb. Kak mpa-
BWJIO, GOJIBIIMHCTBO KPYITHBIX CTYOMIT ITPEeNIIOum-
TaloT peHIepuHr Ha CPU 13-3a ero yHuBepcajibHO-
CTU ¥ TMOKOCTH, HO 3TO TaKKe, KaK MpaBUJIO, U Ca-
MBIi1 JOPOro¥ BapuaHT.

Penpepunr UIT ucnonbsyet Bce simpa LIIT Ha
100%. Ecau pabouass CTaHIUS MCITOJIb3YeTCS
TOJIBKO IJ1s1 3D-peHiepuHra u300pakeHnit 1 aHu-
Maluy Win IJis1 KOOUpPOBaHMS BUAEO0, TO KOMIIbIO-
Tepy HYXXeH IpOoLieccop, UMeIInii Kak MOXXHO
OosbIlle sIep, Jaske ecyiu 9TU SiApa UMeIOT OTHOCHU-
TeJIbHO HU3KYI0 TAKTOBYIO YaCTOTY.

Kak pa3 mjig Takux 3ajay CyIIeCcTBYIOT TaKue
JIMHEeKM mpolieccopoB Kak Intel Xeon, AMD EPYC
1 AMD Ryzen Threadripper, umeroiue g0 64 sizep.
Kak mpaButo, mipy BbIGOpe Mpolieccopa AJis peH-
IepMHra BHMMaHMe yhaesseTcss MMeHHO KoJiude-
CTBY siAep U ueHe. YacToTa y Mofgeieil 3Tux au-
HeeK 3aMeTHO Huske TeX ke AMD Ryzen mmm Intel
Core. O6GYCJIOBIEHO 3TO (PU3MUYECKUM IIpemesioM
Teryia, KOTOpOe JMHEHO 3aBUCUT OT IIpou3Bee-
HMS KOJIMYECTBa sifep Ha YaCTOTY KaKIOro U3 HUX.
KcraTtu, TDP TonoBsix Mogenei gocturaet 280 BT,
NofpasymeBaloliee Joporoe BOJSTHOE

oxJIaXXaeHue U NOCTOVHYI0 Lelb nutaHusa LII Ha
(CKopee BCero CepBepHON) MATEPUHCKOI IaaTe.
KonHeuHo, ecTh 60J1ee JellieBble BapMaHThI, HAIIPU-
Mep Mpo1eccophl cemelicTna i7-i9 unum Ryzen 7-9,
HO CKOPOCTb peHAepuHra OymeT yMeHbIIATbCs
MIPOTIOPIIMOHAIBHO IIeHe.

IIporpammupoBaHue

Ij1st IporpaMMMPOBAHMSI HY>)KHO HEMHOTO: TI0
CyTH, 3TO HamucaHue TekcTta. KoMOuasaiuss wimn
MCIIOJIHEHME KOJIa II0 COBPEMEHHBIM MepKaM ToxXKe
He 0c060 pecypcoeMKast 3agava. [loaTomy AJis KO-
OVHTa TOAOMIET mouTu J060ii KommbioTep. Ho
IJIs1 GBICTPOI ¥ KOPPEKTHOJ OTIagKM yKe Haru-
CaHHBIX IIPOrpaMM TpebyeTcst 6ojiee MPOU3BOIN-
TeJIbHbII CUCTEMHBIi OJIOK.

ITpu BBIGOpPE Mpolieccopa OJjsl Takoii CO0PKU
HEOOXOIMMO PYKOBOACTBOBATbCS HECKOIbKUMMU
KJIIOUEBBIMM TpeboBaHMSIMU. [IporpaMMucTy mMo-
SKeT MOoTpeboBaThCsT MPOBEPKA HATIMCAHHBIX TIPO-
rpaMM B pas3HbIX OMepalMOHHbIX CUCTEMAax U Py
pas3HbIX YCJIOBUSIX, /)15l YETO CO3/1aeTCsI MHOKeCTBO
BUPTYaIbHbIX MamyH. Y “Kamueit” ot AMD 1o cux
IOp HAGIIOAAIOTCS MPOGIEMBI C BUPTyaIU3alueit,
B TO BpeMs KaK mpoiieccopsl oT Intel cripaBiisiioTcs
C TaHHOJi 3a7aueil MpakTU4YeCcKy 6e3yIpeyHo.

Crnenyroomyii MOMEHT — 3TO Halu4uye JOCTaTou-
HOTO KOJIMYECTBA SIAeP U IIOTOKOB, TTO3BOJISIIONINX
napasjieabHO BBITIOJHSTh HECKOJbKO 3amay. He-
Jloporue Mojenu c 6- u 8-aAepHbIMU TIPOILECCo-
paMy MIOeasbHO ITOMOVIYT TIOf, 3arpoChl OOJIb-
HIMHCTBA MTPOTPaMMUCTOB. [IOKyIaTh CUCTeMHbIe
6JIOKM MeHee 4eM C 4 simpaMy He peKOMEeHTyeTcs,
OZHAKO TeXHMUUECKU ITPOrpaMMMUpPOBaTh MTO3BOJISIT
U IBYXbsIlepHbIe MO/ C YeThIPbMS ITOTOKAMMU.

OT TaKTOBOJ Y4aCTOTHI 3aBUCUT CKOPOCTH BbI-
TTOJTHEHYS KOZa, [T03TOMY Ipy 6OJIbIIIOM GI0fKeTe
CTOUT MCKAThb MOJIE/IN C IPUPOCTOM MMEHHO 3TOTO
nokasarens. boapummmHcTBY IT-CcrienyanucToB
BIIOJIHE ITOOMIYT BapMaHThI C 4acTOTOM 3-4 I'Tw,
CeroJHsI 3TO ITOUTH JII0607 He cepBepHbIii Ipoliec-
cop. ITosTomy 6paTh AJisI HIPOrPaMMUPOBAHMUS TO-
rioBbie IIT ypoBHS i9 HET HEOOXOIUMOCTH, XOTS B
peIKUX CIyJasix 9TO OyAeT OrpaBaaHo.

Ecnu B mpoileccope ecTb BCTPOEHHOE BUIE0-
SIIPO, TO 3TUX MOIIHOCTEN XBAaTUT TOJIBKO JIJISI 3a-
Jlau, CBSI3aHHBIX C TEKCTOBBIM OTOOpaskeHMeM pe-
3yJIbTaTOB WM ¢ mpocToii 2D rpadukoit. s pa-
60TBI CO CJIOKHOV TpadyKoii peKOMEHIyeTCs 1Mo-
KYTlaTh BUIEOKAPTy OTAE/bHO.

B 21 Bexe mporpaMMMUpOBaHMe pemiaeT Mupo-
KUiA Kpyr 3a7auy - OT HaIMMCaHMUSI TIPOCTeNIero
KaJIBKYJISITOpPa IO CO3JaHUSI COOCTBEHHBIX KPUII-
TOBATIOT. U [JIs1 pelieHus Bcex 9TuX 3amad Tpedy-
I0TCSI caMble pa3HbIe CII0COObI HAMMCaHMs KOZa U,
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COOTBETCTBEHHO, CAaMOe pa3Hoe arnmnapaTHoe obec-
neveHue. OQHAKO AJ15 Ye/I0BeKa, KOTOPBIi elé He
ompenennscs C pelllaeMbIMM C TOMOILbIO TIPO-
TPaMMMPOBaHUS 3aayaMu, OyIeT akTyaJeH Ipo-
1Ieccop CO CAeLyIIIMMM XapaKTepUCTUKaMMU:

1. Tpoussomurens Intel

2. 4-6 amep B MOAeJSIX MOCIeIHNUX ITOKOoJe-
1307071
3. TakroBast yactoTra 3-4 I'T 1 60see (3aBU-
CUT OT OIOKeTa)

4. EcTb MHTErpUpoOBaHHas rpaduka mocien-
HMX TTOKOJI€HUIA.

MaiiHuHr

ITpouiecc 06BIUM  KPUIITOBAIIOTHI  ITyTEM
HaXOXXAeHMS X311a C TOMOIIbI0 BEIUYMCAUTETbHBIX
MOIIHOCTe} 1eHTPaJIbHOTO Mpoileccopa Ha3biBa-
eTCsl MallHMHIOM Ha mpoleccope. ONTUMMU3UPO-
BaHHBbIE JIJISI ITPOI[ECCOPOB AJITOPUTMBbI TOOBIBAHMS
KPUIITOBAIIOT MMEKIOT TaKue O0COOEHHOCTM, YTO
MpoBeJleH)e BBIYMCIEHUI 3aBUCUT OT CKOPOCTU
MPOM3BOJBHOTO [AOCTyIla K TMaMsTH, KOTOpas
HauboJjiee ObICTPast B KOLI-TIAMSITH IIPOLIECCOPOB.

[MosToMy Ha TaKMX aArOpUTMax IMPOIEeCCOpPHI C
60JBIIMM 00bEMOM K3II-ITAMSITU MMEIOT ITPOM3-
BOJIUTE/IbHOCTh, CPAaBHMMYI0 C MHOI'OIIOTOKO-
BBIMUM BHUJeokapTamu. Kpome TOro, Ha CKOpOCTb
MaliHMHTa 3HAuYMTe/JbHOE BIMSHME OKa3biBaeT
Ha/JiMuMe armapaTHON TMOAAepXKU IpoBedeHUs
KpunTorpadmueckux BbIUMCAeHMIA. [ mpoliec-
copoB 3T0 Habop nHcTpyKumit AES. Crapbie mpo-
I[eCCOpPbI, OCOOEHHO CepBepHble, MOTYT MMETb
OTPOMHBIN K311, HO He TMOoAAepXUBaThb 3TUX UH-
CTPYKIIUIA, TIO9TOMY OHM HE MOTYT 06ecIeunThb
BBICOKMI XSLIPENT [J11 MailHUHTa.

Kak mpaBwio, AJis1 Kask[oTo TOTOKa HY>KHO He
MeHee 2 MerabaiT Kaiia, T03TOMY, HallpuMep, Ha
Intel CPU i7-7700K (8 Mera6aiT KolI-aMsIT) HeT
CMbICJIA 3aImycKaTh 6osbie 4 MOoTOKOB. Eciu kom-
NbIOTEP NapasuleIbHO UCIONb3YeTCs ISl APYTUX
1ejieil, TO KOJMYECTBO 3aJeiiCTBOBAHHBIX TIO]I
MalHMHT TTIOTOKOB HY>KHO YMEHbIIIATh.

Hy’>kHO yUMTBIBATh CITOCOOHOCTh MaTePUHCKOIA
IJIAThl TOCTOSSHHO O0ecreuMBaTh MUTAHUE IIPO-
Ieccopa B MaKCMMajJbHOM pexume. B neTHee
BpeMs lielly MUTaHUsI Tpolieccopa Ha MaTepuH-
CKOIJf TIJIaTe IeperpeBarTCsl, YTO MOKET IIPUBECTHU
K MP0o60I0 TPAH3MCTOPOB U K BBIXOMY U3 CTPOSI He
TOJIbKO IIJIaThI, HO U MPOLieccopa.

MaitHMHT Ha Ipolieccope CeroHs He SIBJISIeTCS
MPUOBITILHBIM - TOJIBKO B HEKOTOPbIX KPUIITOBA-
JIIOTaX MOSKHO TOJTy4YaTh JE€HbIM, CITOCOOHBIE OKY-
MMUTH CTOMMOCTb CaMOT'0 ITporeccopa uepes 15-20
JIeT HeMPePbIBHO paboThI. A [IJIsI HETO TaKKe Tpe-
OyeTcst He JelieBas MaTepPUHCKasl TUIaTa U GJIOK

NUTAHNS, BBIXOJSIINE U3 CTPOS IPY MaliHMHTe Ha
npolieccope yaiie Bcero. OgHakKoO CTOMMOCTD OT-
TUMM3UPOBAHHBIX [IJI1 MPOLECCOPOB KPUITOBA-
JIIOT, KaK Hanpumep MoHepo, MOXET U3MEHUTHCS
B OymymieM u oT6UTh BiaokeHUs. Takske MaitHUTh
Ha IIPolLieccope MOXKHO IMapayiyieIbHO C OOBIYHBIMMA
pabourMy HarpysKaMy MM ¢ MaifHUHTOM Ha BU-
Zleokapre.

KonnuecTBo simep Ha KpucTawie mporeccopa
OTpaHMYeHO eOVHULIAMM, B TO BpeMs KaK y BU-
JIleoKapT UX COTHU U Thicsiuu. [ToaTOMYy Ualile Bcero
MIPOIIeCCOp MOAOUpaeTcs IOM, CUCTEMY IJIST Maii-
HMHTA C OHO WJIM HECKOJIbKMMU BUIE0KapTaAMM.
B TakoM ciydae oT mpoiieccopa TpeGyeTcs TOJIbKO
nepenaBaTh MHOpPMaILVIO MeXAY rpadmuuecKUMM
ycrporictBamu 1 HDD (SSD), O3VY. Eciut oH 6bICTPO
paboTaer, TO MaliHepbl U ApPyrue IporpaMMbl He
6ynyT JyaraTh Gjaromapsi MUHMMAaJIbHOMY Bpe-
MeHU 1npocTos. C npyroi CTOPOHBI, IIPOLEeCCOPHI,
MpeBbIIIAIoIINe MOUHOCTU CTaHLAPTHOIO COBpe-
MEHHOTO [BYX-UeThIpexsaepHuKa, 6yayT COKpa-
1IaTh BpeMs IMPOCTOsI BeChMa He3HaUUTeIbHO.

Bonbilee BHMMaHMe CTOUT yIEAUTDb HA IOTPe6-
JleHMe SHepruy, Bedb Ipolleccop, Kak u depma,
IaHMpyeT paboraTh IOCTOSHHO. Mopenn
HavyaJIbHOTO YPOBHS, HampuMmep JUHENKU i3,
Celeron, Athlon, Pentium, Ryzen 3, FX, AMD A,
MO3BOJISAIT COKOHOMUTb KaK Ha ITOKYIIKE CaMOro
Yyuma, Tak ¥ Ha cYeTax 3a 3JeKTPMUUeCTBO.

He cTouT mokymaTh MpoIeccopbl CO BCTPOEH-
HbIMU Tpadbuueckumu sapamu. OHM 3aHUMAIOT
vacTb PCI-E, u3-3a yero maiitHepbl MOTYT OO KIIIO-
YUTH Ha 2—4 BUIEOKAPTHI MeHblile. [IJ151 yCTaHOBKU
5-10 xapT noTpe6yIOTCS MaTepuHCKas IIaTa C 10-
CTAaTOYHBIM KojndecTBOM BbIxomoB PCI-E, mo-
9TOMY COOPKY MAaifHMHT (epMbl CTOUT HAuvaTh
VMMEHHO ¢ Heé. BbiOpaHHas ruiata 6ygeT MMeTb
CBOJ COKeT, MOJJep>KMBAeMblil TOIbKO HEKOTO-
pbiMu LIT1, 4TO MOSKeT CITY>KUTb OTIIPABHOM TOYKOM
Ipy om6ope Imporeccopa.

MaitHMHT ObIBaeT pasHbIM U BbIGOP KOMILIEK-
TYIOIIUX 3aBUCUT OT OTPOMHOT0 KOJIMYECTBA YCJIO-
BUii, HO, 0000IIass, MOXXHO CHeJaTh CJIeAyIolle
BbIBOABL. [Tpy MaitHuure Ha CPU BaxkHO 6Gosblioe
KOJIMYECTBA siiep Ipolieccopa U Hajauuue Habopa
uHCTpyKUuMit AES. TIpu 3TOM HY>KHO TIOMHUTD, UTO
Ha KakIblil MOTOK TpebyeTrcs 2 MB Kami-rmamsti u
yro LT 6ygeT Hy>KOaThCSl B HAIESKHOM MUTaHUU U
JOCTaTOYHOM oOxJaxaeHuu. I[lpm maliHuHrEe Ha
GPU mporieccop 6ymeT 3aBUCETb OT COKETa BbI-
OpaHHOI MaTepUHCKOI InaTbl. CTOUT OpUEHTU-
POBAaTbLCS Ha MOJe/IM HAUJIbHBIX JIMHEEK C 2-4 5] -
paMy Ha COBpEMEHHO apXUTeKType 6e3 BCTPOeH-
HOT'O BUZEOsiIpa.


https://altcoinlog.com/luchshie-materinskie-platy-dlya-mayning/
https://altcoinlog.com/luchshie-materinskie-platy-dlya-mayning/
https://altcoinlog.com/what-is-cryptocurrency-monero/
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CTpuMUHT

CTpMMMHT, WJIM TIOTOKOBAs Iiepegava BUIEO
pabotaer ciemymoimyM o6pasoM. KommbooTep 3a-
XBaTbIBAET BUJEO0 C 9KpaHa — HA 3TO TPATUTCS He-
MHOTO PecypcoB, HO MaTepuas TOoTy4aeTcs: 06b-
éMHBIM. [Iporieccop min BugeoKapTa yMeHbIIAOT
pasMep BUIEO M ayaMoO — KOOMPYIOT ero. Ilocie
3TOTO TIEPEeKOAVPOBAHHBIN BapMaHT OTIIPABJIS-
eTCsl Ha CepBep CTPUMMHIOBON IIOIIAAKM, a OT-
TyJa y>Ke IlepefjaeTcsl Ha SKpaHbl 3pUTeJIeil.

IpyruMu CI0BamMu, OT IpoIleccopa Ipyu CTPH-
MMHre TpebyeTcsl OTHOBpeMeHHO 06pabaThiBaTh
TpaHCIMpyeMble TTPOrPaMMBbl, 3aXBaThIBaTh, KO-
IVPOBATh U OTIIPABJISITh BUEO C SKpaHa, KAMepPbI
u ayamo ¢ MukpodoHa. B Takom ciydae mpoiiec-
COpY HeII0X0 ObUIO 6bI MMETh TexHoJIoTHIO Intel
Quick Sync Video g1s1 ycKOpeHHOTI'0 KOAMPOBAHMS
BUEOIIOTOKA BO BpeMsI IIOTOKOBOJ Iepegaun 1 Ha
2-4 anpa 60sblile, Y4eM HY>KHO 3aIMChIBA€MOIi IIPO-
rpamMmMe.

K mpumepy, I71s1 TpaHCSILIMY CTAPBIX VIV UHIU
UTP, a TaKKe AJISI TOK-IIOY WJIM MPOCTO OOIIeHMS
OyIeT IOCTAaTOUYHO 4-6 siep Ha COBpeMeHHOit ap-
xuTekType. Hampumep, mist o61IenpMHSITOrO Ka-
yecTBa Bumeo B popmare FullHD / 60 fps xBaTut
MOIITHOCTY TIPOLIECCOPOB, CXOXKMX II0 ITPOMU3BOIN-
TenbHOCTY ¢ AMD Ryzen 5 5500. [yis 6oiee cepb-
€3HBIX UTPOBBIX MPOEKTOB MM TpaHISIIUKU B 4K
HeobxoauMbl 8 1 Gosiee simep CO CTAaHAAPTHO BbI-
COKOM Aj1 MONOOHBIX MOZEeJIeil TaKTOBOJ 4acTo-
TOIA.

IIpu orpaHNYEHHOM OHOKeTe MOXHO Iepe-
KJIIOUMTHCS Ha arnapaTHOe YCKOpeHue 06paboTKu
BUIeOMaTepuana, WMCIOIb3ysl MOJiS 3TOTO BU-
IeoKapTy. B aToM ciyuae momoiigeT gaske mpoiec-
cop ypoBHS Ryzen 5 3600XT, muiib ObI €T0 MPOU3-
BOAMTEIbHOCTY XBaTaIO0 AT camux urp. OgHako
TOTJA KaueCcTBO M300paskeHMs] WIM KOJUYECTBO
KaIpOB B CEKYHAY MOKET OKa3aThCsl HMKE, 0CO-
0eHHO B rpadMuecKy HaChIIMIEHHbIX UTPaX, 3aITyCK
KOTOpBIX caM II0 cebe CO3HAeT Cepbe3HyIo
HarpysKky Ha BUAEOKapTYy.

TakuM o6pasoM, BbBIOMpast IPOIECCOP HJIS
CTPMMMHTA HEOOXOOMMO OPMEHTUPOBATHCS Ha
TUI TPAHCAMPYEMOTO KOHTEHTa M Ha MOIIHOCTh
BUIeOKapThl. KioueBbIMM XapaKTepPUCTUKAMMU
OymeT HaIMuMe TEXHOJIOTMM  allapaTHOro

YCKOpeHMS 1151 KOAMPOBAHUS U YBEJIMUEHHOTO KO-

mmyecTtBa sgaep. CTOUT 6paTh MOZEIM C 3arlacoM

o moiuHoct B 30-100% oTHOCKUTE/IbHO HEO6X0-

JIVIMOTO IJ151 TPAHC/IMPyeMbIX TPOTPAMM B 3aBUCU -

MOCTHM OT pa3penieHust BUmeo0 1 Koanuuectna fps.
3akioueHue

WTak, Mbl MpOaHAMM3UPOBAIN KaKkue XxapaKkTe-
PUCTUKM TIpOLIeCcopa SIBSIOTCS CaMbIMM BaK-
HBIMMU [IPU pellieHU KOMIIbIOTEPOM TeX UJIU UHBIX
3a7a4u. B momckax HeEOOXOAMMBIX 3aBUCUMOCTEN
MEeXIOy TUIIOM 3afauu M Xapaktepuctukoi II1
ObLT MPOBEIeH aHAIN3 OOJIBIIIOTO KOJIMYEeCTBA WH-
dbopmanuy, TpeACTaBIeHHON B CETY MHTEPHET Ha
caMbIX pa3sHOOOpasHbIX pecypcax. CTaTby, HAIM-
caHHble gaxke B 2020-2022 ropax u npepJjarasiiye
Il TeX VIV MHBIX LieJieil onpeeieHHbIe TIpoLec-
COpbI, BCE elllé AOCTOMHBI BHMMAaHMS, HO HOBbIE
MOJie/lM YUIIOB, BBIMyIleHHbIE 3a TocCaegHMue 3
ronia, 3HauMTeIbHO YMEHbIIMIN UX aKTYaJTbHOCTb.
OTO TIOATBEpKOaeT TUIOTe3y O CTPeMUTEebHO
ycTapeBatolieii MHpopmanuu B KOMITbIOTEPHO
chepe u MposBSIET HEOOXOAMMOCTb B YBeIMUe-
HUM BHUMaHMUS TMOKyIaTessl B CTOPOHY TUIIA Xa-
PaKTEepUCTUK, HEXeNU UX 3HaueHui. B pgaHHOM
CTaTbe yOaJoCh TIPOAaHAAM3UPOBATh B TaKOM
K/II0Ye BCe IUIaHMpyeMble BUIbI HArpy3oK Ha LIII.
Taxke IONYYMIIOCh [OaTh OOBSICHEHME MPUUNH
MMEHHO TaKMX 3aBUCUMOCTEI XapaKTepUCTUK
npoiieccopa OT MTOCTaBAeHHbIX 3a7au.

OJIHaKO B CTaThe ObLIM YKa3aHbI M KOHKPETHbBIE
OTpaHMYMBAIOIIYME 3HAUEHMS [ KIIYEBBIX Xa-
PakTEpPUCTUK B paMKax pacCMaTpUBAEMOTO CIie-
Hapus ucnonb3soBanus [1IK. Hanmpumep, npoueccop
I7sT paboThl B BUIEOPEIAKTOpPE MOKEH MMETD
TaKTOBYIO 4acToTy OT 4.5 I'T11, 6-10 saep, Komi-ma-
MsaTh L3 or 20 MB, noaaepxky Intel Quick Sync
Video win Video Core Next, a Takke minHy PCle®
Bepcun 4.0 1 HOBee.

JlaHHBIV MaTepua NpU3BaH IIOMOYb IIPOCTOMY
06bIBATENI0 OTBETUTH Ha Bompoc “Kak BhIGpaTh
mpoiieccop?” M mokasaTh Ha mpumepe IIII, uTo
KOMIIbIOTE€PHbIE KOMIUIEKTYIOIIVE MOTYT ObITD I10-
HSTHBIM UM 3aKOHOMEPHBIM 00pa3oM OTCOPTUPO-
BaHbI OTHOCUTEJIbHO MTOCTaBJIEHHbBIX Tlepe] CUCTe-
MOIJ1 3a7]aU ¥ BKJIIOUEHbBI B UTOTOBYIO KOHPUTypa-
nuio IIK.
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PRINCIPLES AND PECULIARITIES OF CPU SELECTION
WHEN BUILDING COMPUTERS FOR A VARIETY OF TASKS

Abstract. This article is aimed to answer the question "How to choose a CPU?". Within its framework the char-
acteristics of the processor and their dependence on the tasks solved by the computer, such as photo or audio editing,
work with 3D objects and office applications, rendering, mining and others were analyzed. For each scenario of PC's
work the minimum and current requirements were analyzed, as well as the reasons for the formation of these very
requirements. The article gives an understanding of the main principles of processor selection, following which you
can feel comfortable in the chip market without being bound to a specific model.

Keywords: processor, CPU selection, clock frequency, processor cores.
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CTEITAHOB Bagum Onerosuu
CTYIEeHT 4 Kypca 6akanaBpuara (akynbTera «MalIMHOCTPOEHNEY,
MOCKOBCKMI IMMOMUTEXHUUECKUI YHUBepCUTeT, Poccus, r. MockBa

ITPOBJIEMHBIE BOITPOCHI ITPOBEJTEHVSI MEXAHUYECKUX UCITBITAHUMN:
AHAJIN3 ACIIEKTOB 1 ITPEAJIOXXEHMS 110 ITOBBIIIEHWIO TOYHOCTH

AHHOmauus. HayuHas cmamues noceésujeHa u3yueHuro npoonem, C8si3aHHbIX ¢ NpogedeHuem MexaHuueckux uc-
NblMaHuti, U nPeonoxeHUsIM NPaKmuuecKux peuleHull 0ns noesluleHuss mouHocmu. B pabome 6vina nposedeHa
ananumuueckas oyerka FOCTo8 u HayuHsIX cmameti, Noc8AUeHHbIX OAHHOTI meme, a maxxce nposedersl U nped-
cmasneHsl pe3ynbmamsl IKCNePUMeHMANbHbIX UCCIe008aHULL. Bbliu 8bls1871€HbI NPOOTIEMbL, C83AHHbIE C HEMOUHO-
CMblo0 U omcymcmauem Uémkoz0 peweHuss no Koauiecmay u 00sémy ucnsimaHuil, HedocmamouHotl keanuguxa-
yueti nepcoHana, HenpasuibHuIM 86160poM Memodos ucnsimanuii u dp. B pabome maxxce paccmompeHst meope-
muueckue acnekmosl hpogedeHUsi MeXaHU4ecKUX UCnblmanuil u npedoxceHsl npakmuyeckue pekomeHdayuu no no-
8blUIEHUI0 MOYHOCMU, 8 NOM UUCTIe UCNOJIb308AHUE CNeYUAIbHO20 060pY008aHUS U Cpedcms KOHMPOJA Kauecmsa
ucnslmaHuil (cneyuanpHozo npozpammHozo obecneuerust). ITosyueHHoie pe3yabmamst Mozym 6blms UCNOb308AHbI
0/11 yIy"uleHusl Kauecmea nposoodumslx UChblmaruii, umo npueedem K nogvluleHUI0 HadexcHocmu u 6esonacHocmu
npoOyKyuu Kax ceputino evinyckaemoti, max u npou3eooumbix 00HOKPAMHO (eQUHUYHbIE IK3EMNTISPBL), A MAKHe K
YMEHbUIeHUI0 3ampam Ha NOBMOPHble UCNbIMAHUS U NOCIedyoWUll pemMoHm u3denuti.

Kntoueawie cnoea: mexaHuueckue UCNbIMAaHus, MoYHOCMb, OaHHble, Memoodbl uchsimaHuii, obopydosatue,

KOHmMpOJib Kauecmaed, HaaeJKHOCmb, Heﬁpocemb, 6e3onacHocme.

MexaqueCKMe UCTIBITAHUS SIBJISIIOTCS BasKHOM
YacThl0 MHOIMX 06/1acTeil MPOMBIILIEHHO-
CTU U HAyKU, TAKUX KaK MallIMHOCTPOeHMe, MaTe-
puanoBefeHue, aBualusi U MHorue apyrue. Ho,
HeCMOTpPSI Ha 3HAUMMOCTb 3TUX UCIBITAaHUI, Cy-
IIECTBYET Psif Ipo6ieM, KOTOPbIe MOTYT ITOBJIMSITD
Ha TOYHOCTb Pe3y/IbTaTOB UX ITpoBeaeHMs. OgHOI
13 OCHOBHBIX ITPOGJIEM SIBJIIETCS OTCYTCTBUE I10-
HMMaHMS KOJMUYECTBAa MCIBITAHMI, UTO MOXKET
MPUBECTU K HeAOCTAaTOUHOM TOUHOCTU pe3yybTa-
TOB. B manHOI cTraTbe OymeT MpOBeINEH aHaIu3
Pa3IMUHBIX aCleKTOB MPO6JieM IPOBeIeHUS Me-
XaHUUYeCKUX UCITBITAHUI U ITPeI0KeHbI pellieHs
IIJISI TIOBBIIIEHUSI TOYHOCTH.

TouyHOCThP MeXaHMUECKMX MCIbITAHUN SIBJISI-
eTCsl K/IIoUeBbIM (PaKTOPOM BO MHOTUX 00JIACTSIX
MIPOMBIIIIEHHOCTY ¥ HayKu. Heo6XoamMmMo yMeHb-
MIUTH pa3bpoc pe3yabTaToOB, YUTOObI CHU3UTD BEPO-
SITHOCTb OIIMOOK ¥ YIYUIIUTb KaUueCTBO MPOIYK-
uyy. OmHaKo, MHOTrMe (haKTOPbl MOTYT BJIMSITh Ha
TOYHOCTh MEXaHMYEeCKMUX MCIIBITAHMI, TaKMe KakK

cpela UCIIBITaHMIi, pa3Mep 06pa3IioB, METOIbI MC-
npiTaHuit u T.A. [I03TOMYy akTyaJbHOCTh JaHHOM
TEeMbI 3aK/TI0YAETCS B TIOVICKE CIIOCOO0B YMEHbIIIe-
HUSI BIUSTHUS 9TUX (aKTOPOB HA TOUHOCTH PE3YJIb-
TaTOB MeXaHMUYeCKMUX UCITbITaHUIA.

HayuHasi 3HaUMMOCTbh JAHHOM CTaTbM 3aKJIIO-
YaeTcss B TOM, UTO OHA MpeJICTaBIsIeT co6oit mep-
BBIN 1Iar K IMIPMMEHEeHUI0 HelipoceTelt IJis pelie-
HUSI TIPOOJIEMBI OTIpeie/IeHNsT KOJIMYECTBA VCITbI-
TaHWUI IPU MeXaHUUeCKUX UCTIBITAaHUSIX. DTO OT-
KpbIBaeT BO3MOXHOCTH [JIsl Ta/IbHeIIero pa3Bu-
TUSI UCCIeMOBaHUIT B 061acTy IPUMEHEHMUS
HelipoceTeii s penieHust mpobjaeM B MexaHude-
CKUX UCTIBITAHUSX, YTO MOKET MPUBECTU K YIyd-
IIeHMI0 KaueCTBa M TOUHOCTY ITPOBOAMMBbIX UCITbI-
TaHMi1, a TaK)Ke COKPAIleHNI0 CPOKOB ¥ 00bEMOB.

PesynbTaThl aHajiM3a OCHOBHBIX (PAaKTOPOB,
BJIMSIIOIIMX Ha CBOJCTBA MaTepuaioB, Kak Ipu UC-
MbITAaHUSAX, TaK M B IIpollecce 3KCIUTyaTalluu, a
Takke BO3MOXXHbIE TOCAEICTBUS TNPUBELEHBI B
Tabnuue 1.

Tabmnua 1
daKkTOpbI BIAMSIHUA HAa CBOJICTBA MaTepPHaioB
BospaericTByronmii .
. HL Bup, BosmeiicTBUS Bo3MOKHBIE TTOCTeICTBUS
daxkTop
TeMmepaTypa dusmyecroe Vi3mMeHeHMe CBOJICTB MaTepyasa Mpu Harpese

Xummnueckoe, pu-

BakHOCTh SUeCKOR Kopposus MeTanios, paspyllieHye IpeBeCcyHbI
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BospaericTByrommit .
. m Bup, Bo3pericTBUs Bo3MoskHbIe TOC/IEeICTBUS
daxkTop
Bpems dusmyeckoe Herpanmaius CBOMCTB MaTepuaja CO BpeMeHeM
NHTEeHCUBHOCTh
MexaHnueckoe HedopMalius MaTepuasa Ipy Harpyske
Harpy3Kku
YacTtoTa Harpys3Kku MexaHnueckoe YcTanocTe MaTepuaa Ipy HUKINYEeCKUX Harpy3Kax
KonnuecTBO IMK/IOB
MexaHunueckoe Yeranocts MmaTepuaa Ipy MOBTOPSIIOIINXCS HAarpy3Kkax
Harpy3Kku
Xumnueckye BO3aei- . . .
CTBIS XumMmuueckoe B3aumopeiicTBMe MaTepuasia C arpeCCMBHOM cpemoit
PaguatimoHHbIe BO3- N3meHeHMe CBOICTB MaTepuasia Ipu BO3JeliCTBUM pa-
. dusnueckoe
neicTBUS Iyauuu
MexaHMUYecKue Hampsi- [TosiBieHue TpemMH U gedopmainuii B MaTepuaie npu
p MexaHunueckoe pett Aedopman, P P
SKeHUST Harpyske
®dusnueckoe, Mexa-
NsHoC M3HOC MOBEPXHOCTU MaTepuasa Ipyu SKCIUIyaTauumn
HUYecKkoe
[MoTepss mpoYHOCTM MaTepuana IMOCae MHOTOKPAaTHBIX
YcranocTh MaTepuana MexaH1nueckoe
Harpy3oK
Pasmep u dhopma 06- M3meHeHMe CBOICTB MaTepuasa B 3aBUCMMOCTHU OT pas-
TeomeTpuueckoe
pasia mepa 1 hopMbl 06pasia
Cnoco6 M3roTOBIEHUS Binusinue croco6a M3roTOBJIEHMS Ha CBOJCTBA MaTepu-
TexHonornyeckoe
obpasia ana

[Tpob6nema ornpeneneHys] KOJIMIECTBA UCIIBITA-
HU, HEOOXOAVIMBIX TSI TTOTYUEHMUS TOCTOBEPHBIX
PesynbTaToB, TAKKE SBJSETCS OTHUM U3 BasKHbBIX
ACMeKTOB MeXaHMYeCKUX UCTbITaHuit. Onpenene-
HI€e ONTUMAJbHOTO KOJIMYECTBA MUCIBITAHUI MO-
KeT CYLeCTBEHHO MOBIMATb HA TOYHOCTD U JOCTO-
BEPHOCTb Pe3yJIbTaTOB.

CyIiecTByeT HECKOJIbKO MTOJIX0IOB K Onpe/iesne-
HUIO ONTUMAIbHOTO KOJMYECTBA WCIBITAHUIA.
OnyH 13 HMX OCHOBAH Ha UCIIOJIb30BaHUU CTATU-
CTUYECKUX METOMIOB, TAKUX KaK METOMbI JUCIIEP-
CMOHHOTO aHa/M3a U PacyeTa JoBePUTENbHBIX MH-
TEpBaIOB. DT METOMbI TIO3BOJISIOT OIIEHUTh Ba-
pUALVIO Pe3yIbTaTOB ¥ OMpPeleNuTb HeoOXomm-
MO€ KOJIMYECTBO UCTIBITAHUI ISl JOCTUKEHMS 3a-
JIaHHOI TOYHOCTM.

[pyroit oAXo, OCHOBAH Ha aHalIKU3e OMMOOK
M3MepeHUsT U TPEeATION0KEeHUY, YTO KOTNIECTBO
UCTIBITaHU OOJDKHO OBbITh JOCTAaTOYHBIM OJIS TOTO,
yTOOBI OMIMOKM TPUOOPOB U OGOPYIOBAHUS He
OKa3bIBAJIM CYIIECTBEHHOTO BIVSIHUS HA PE3yib-
TaThl. B 3TOM cCiyuyae KOJUYECTBO WCIIBITAHUIA

MOXeT ObITh OIpele/ieHO Ha OCHOBE M3MepeHuii
MOrPeIrHOCTY Ipru6opoB U obopymoBanus. C of-
HOI CTOPOHBI, NOpPOBeAeHNEe HeAOCTATOYHOTO
YyCJIa UCTIBITAHUI MOSKeT MPUBECTU K HETOUHBIM
pesy/ibTaTaM U HeJOCTOBEPHBIM BbiBOoAam. C Ipy-
TOil CTOPOHBI, U3JUIIHEE KOINYECTBO UCTIBITAHUT
MOXEeT NPUBECTUM K M3JIUIIHUM 3arpaTamM Bpe-
MEeHU, PeCypCOB U CHU3UTDb HAZIESKHOCTbh 060pYy/I0-
BaHMUS.

OIHUM M3 pelleHuit 3TOi MPo6ieMbl MOKET
OBITD MCIIOTb30BaHMe HEITPOHHBIX ceTelt. HelipoH-
HbI€ CETY MOTYT ObITh 00YUEHbI OTIPEIEJISITh OTITH -
MajabHOE KOJMYECTBO MUCIBITAHUI OJIS OOCTVDKE-
HUS TpebyeMoit TOUHOCTY Pe3yJbTaTOB B 3aBUCHU-
MOCTM OT XapaKTEPUCTUK MaTepuaja, pa3smMepoB
06pa31oB, UCTIOJIb3yeMbIX METOHOB UCIIBITAHUI U
IpyTUX MapaMeTpOB.

060611 HHbI aJaTOPUTM MpUMeHeHMs
HEMNPOHHBIX CeTel IJIs1 ONTUMMU3ALUM KOJIMUEeCTBa
MeXaHMYeCKUX MCIBITAHUI TIpefcTaBieH B Tab-
ymiie 2.

Ta6mmua 2

AJITOpUTM MCII0/Ib30BaHUSI HEJIPOHHOM CeTu

Illar

JeiicTBue

1. C60p maHHBIX

CobpaTb JaHHbIe, BKIIOYAIOIIVE XapaKTepUCTMUKY MaTepuasa, pasMepbl 00pas-
1I0B, MCITO/Ib3yeMble METO/IbI MCITBITAHWI M Pe3y/IbTaThl UCIIBITAHMIT I pas3-

JINMYHOT'O KOJIM4YeCTBa ITIOBTOPOB.

2. IlogroroBka JaHHbBIX

IMoaroToBUTD JaHHbIE AJIS1 OOYUEHMST HEIIPOHHOJ CETH, pase/iuB X Ha 00yJaro-
IIyI0, TECTOBYIO ¥ IIPOBEPOUYHYIO BBIGOPKI.

3. O6yueHue

O6yunTh HEMIPOHHYIO CeTh Ha 0GyyYalolleil BbIGOPKE, VCIIOIb3Ys METOIbI
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IlIar

JeiicTBue

HEePOHHOI CEeTn

MAaIIMHHOrO 00y4eHMsI, TakMe KaK IJIy0oKoe o0yJyeHue.

4. TIpoBepKa KauecTBa
06yUeHus

[TpoBepuTh KauecTBO OOyUEeHMsT HeIPOHHOI CeTH Ha ITPOBEPOYHOIT BEIGOPKE,
HACTPOUThH ITapaMeTPbl MOAEIM U TIOBTOPUTD MPOIIECC 06YUeHNs ITpU HeOOX0mu-

MOCTH.

5. TectupoBaHue
HePOHHOI CeTn

ITpoTecTUPOBATh HEIPOHHYIO CETh HAa TECTOBOJ BIGOPKE, OLIEHUTH KAUeCTBO ee
PaGOoThI ¥ IPUMEHUTD ITOTYUYEHHYIO MOZEJb [IJIST OTIpeeeHNs] ONITHMAaTbHOTO
KOJIMYEeCTBA UCIbITAHUI MIJIST JOCTVKEHUSI TPeOyeMOoil TOUHOCTY Pe3y/IbTaToB.

I peumieHus 3amauy OIpeneneHus OITH-
MaJIbHOTO KOJIMYECTBA MCITBITAHUI TaKKe MOKHO
MCII0/Ib30BaTh HEIIPOHHYIO CeTh C apXUTEKTYpOIi,
Hanpumep, MLP (Multilayer Perceptron). Anro-
PUTM 06yUEHMST KOTOPOJi MOKET ObITh IIpeICTaB-
JIEH CJIe YoM 06pa3om:

1. HuHunmanmMsmMpoBaTh MapaMeTpbl MOJeIH,
Takue Kak Beca U CMellleHus, CTy4yaiHbIMU 3Haue-
HUSIMMA.

2. TlomrotoBuTh [HOaHHBIE [IJiT OOGyUYEHMS,
BKJTIOUAIOIIVE B Ce0s XapaKTePUCTUKY MaTepuaia,
pa3Mepbl 06paslioB, UCIIOJIb3yeMble METOIbI MC-
MIBITAHMIL U pe3yJIbTaThl UCIIBITAHUI OJISI pa3iny-
HOTO KOJIMYeCTBa IMTOBTOPOB.

3. PasmenuTb maHHbIe HA OOyYAlOIIyIO, Te-
CTOBYIO ¥ ITIPOBEPOYHYIO BIOOPK.

4. TlogaTh 06y4aloIIyld BBIOOPKY HAa BXO[L
HeJDOHHO CeTU.

5. PaccumrtaTh OMmMOKY IpeacKasaHus Mo-
IenM Ha KaKOoOM Iare OOydYeHMUs, MCIOIb3YS
(GYHKINIO TTOTEPh, HATIPMMED, CpeIHEeKBaIpaThY-
HYIO OLINOKY.

6. IIpuMeHUTH MeTOHA OOpPaTHOTO pacIpo-
cTpanenus omm6ky (backpropagation) st 06HOB-
JIeHMSI TapaMeTPOB MOV Ha KaXKIOM Iare ooy-
YeHMUs.

7. TloBTopuTh m1aru 4-6 sl BCeX 3MOX 06Y-
YyeHMUsI, TIoka He OyIeT NOCTUTHYTA 3aaHHasl TOU-
HOCTb.

8. TIpoBepuTh KauecTBO OGYyUYEHMSI HEPOH-
HOJi CeTV Ha IPOBEPOYHO} BbIOOPKE, HACTPOUTD
rapaMeTpbl MO/ U TIOBTOPUTH IIpoIiecc obyue-
HUS TIPU HEOOXOAMMOCTH.

9. TIporecTupoBaTh HEIIPOHHYIO CETb Ha Te-
CTOBOJI BBIGOPKE, OIIEHUTh KaUueCcTBO ee paboThl U
MIPUMEHUTD TOYUeHHYI0 MOZENb JJISl Ompeierie-
HUSI OIITUMAJIBHOTO KOJIMUECTBA UCIIBITAHUIA IS
IOCTVDKeHUS TpebyeMOoil TOUHOCTU Pe3yIbTaTOB.

B pesynbraTe aHanu3a autepaTypsl [1-8] 65110
BBISIBIEHO, YTO WCIIO/Ib30BaHMe COBPEMEHHBIX
TEXHOJIOTUI ¥ METOJOB MOKET IPUBECTY K YIIyU-
IIEHNIO TOYHOCTM ITPOBEEHMS MeXaHUUeCKUX UC-
TIBITAHUI M TIOTyUYeHUIO O6ojiee JOCTOBEPHBIX pe-
3ynbTaToB. OJTHAKO, OOHOI U3 IJIAaBHBIX MPO6GIEM
oCTaeTcst ompeneieHye ONTUMAaJILHOTO

KOJIMYECTBA MCIBITAHUI, HEOOXOOMMBIX IJISI TO-
CTVKEeHUsST TpeGyeMoii TOYHOCTM pe3yJbTaToB. B
9TOM KOHTEKCTe, UCTI0JIb30BaHe HEMiPOHHBIX MO-
Jlejieil MOXeT ObIThb pellleHueM, KOTOpOe I03BO-
JISeT omnpenensiTh ONTMMAaabHOE KOJMUeCTBO UC-
TIBITAHUIA U, TAKMM 00Pa30M, ITOBBIIIATH KAUECTBO
MPOBOAMMBIX UCTIBITAHUIA.
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PROBLEMATIC ISSUES OF MECHANICAL TESTING:
ANALYSIS OF ASPECTS AND SUGGESTIONS FOR IMPROVING ACCURACY

Abstract. The scientific article is devoted to the study of the problems associated with conducting mechanical
tests and proposing practical solutions to improve accuracy. In the work an analytical evaluation of GOSTs and
scientific articles devoted to the topic was carried out, and experimental research was carried out. Problems asso-
ciated with inaccuracy and lack of understanding of the number of tests, insufficient qualification of personnel,
improper choice of test methods, etc. were identified. The paper also reviewed the theoretical aspects of mechanical
tests and proposed practical recommendations to improve accuracy, including the use of special equipment and test
quality control tools (special software). The results obtained can be used to improve the quality of tests carried out,
which will lead to improved product reliability and safety, as well as to reduced costs of retesting and repairing
products.
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TEPEIIEHKO Anexkcanap IOppeBuu
VHKEeHep-MeTpOJIoT,
VHIVBUYAJbHBIN TTpeAIIPUHMMATEb,
Poccug, r. MockBa

®A30METP LII®POBOV UHO®PAHU3KUX YACTOT
C BJIOKOM YVIIPABJIEHUS] ®A30BPALIATEJIEM

AHHOmauus. B danHoli HayuHoli cmambe no0poOHO U3yuaemcs KOHCMpYKYus u paboma 00HOKAHAJIbHO20 UH-
(ppanuskouacmomHozo yuppoeozo azomempa, ycmpoticmea, Komopoe Haxooum WuUpoKoe npumeHeHue 8 (aso-
U3MepumenbHoli, UHhoOpMayuoHHO-NPeodPas08amenbHol MexHuUKe, a Makxe 8 UHMOPMAYUOHHO-U3MePUMETIb-
Hoix cucmemax. OCHOBHOLI aKyeHm cmamaou cOeIaH Ha cheyuuueckom achekme KOHCMPYKYUU 31020 (azomempa
— HA NPUMEHEHUU 8 HeM pezyaupyemozo pazospaujamens. Fcnoav308aHue maxkozo KOMNOHEHMA N038015em 3HA-
YUMeNbHO NOBBICUMB MOYHOCMb U3MEPEHUTi. DMO 00CMuU2aemcs 3a cuem UCKIUeHUs no2pewHocmu ¢asospauia-
meJisi ONOPHO20 CUZHANA Npu onpedesieHuu c08uza a3 CUHYCOUAANbHBIX CUzHAN08. Takum 00paszom, cmamaos no-
0po6HO 00Cyx#cdaem npeumyljecmeda UCnob308aHuUs pezyaupyemozo (aszospawiamens, eKa0UAA AHANU3 MOUHO-
cmu, NOmeHYuaIbHble nPodemMsl U cnocobsl ux npeodosieHus. Imom mamepuan 6ydem nosaeseH 0ns cneuuaiu-
CMoe 8 o0nacmu 371eKMPOHUKU U UBMEPUMENbHbIX MeXHOJI02Ull, a makce 0711 mex, Ko xouem yeaybums ceou

3HAaHus 8 obaacmu yugposoti 06pabomxu CuzHAa108.

Knrouessle cnoea: pazomemp yugposoti, noepewiHocms, pazospawjament.

BBepenue

JI711 COBpeMeHHOr0 STara pasBUTUSI U3MepU-
TebHOM TEeXHMKM XapaKTepHO Bce Gojiee MHTEH-
CUBHOE 1 ITyOOKOe IIPOHMKHOBEHME B ee pa3iny-
Hble HampaByieHus HU(PPoOBbIX TpubopoB. Indpo-
Bble I3MepUTeNbHbIE TPUOOPHI 3HAUMTENBHO MTpe-
o6pa3oBanu 06JMK BCero rnapka cpeficTB U3Mepe-
HUIl ¥ OTKPBIBAIOT HOBbIE BO3MOXXHOCTU JIST UX
MIpMMeHEeHMsI.

Tak Kak cpe[iCTBa M3MepeHUii — 3TO TeXHUUe-
CKMe YCTPOMCTBa, CIyskalue IJig usMmepeHuit pu-
3M4eCKOIl BeJIMUMHDIL, @ CUTHAI — 3TO U3MeHeHue
¢dbusmyeckoii BenMuMHbI, Hecyllee MH(OpPMALMIO,
TO CpPeACTBa M3MEPEeHUI LUPOKO UCIONb3YIOTCS
JJISL USMEPEeHUI Pa3/IMUHbIX XapaKTePUCTUK CUT-
HAaJIOB.

B [1] ycTaHOBEHBI TEPMMHBI U OIpele/leHys
OCHOBHBIX IIOHSTMII B 06IAaCTV M3MepUTEIbHBIX
paguoTeXHUUeCKMX cUrHanos. OQHOI U3 XxapakTe-
PUCTUK B3aMMOCBSI3M TaKUX CUTHAJIOB SIBJISIETCS
¢dasoBblit caBur. Pasa curHasaa Takke OTHOCUTCS K
OCHOBHBIM IapaMeTpaM TapMOHMYECKUX CUTHa-
JIOB, TMOCKOJIbKY OIpefieisieT COCTOsiHMe Koseba-
TeJILHOTO Ipoliecca B 1000/ 3aJaHHbI/I MOMEHT

BpeMeHnu. OHa MCIIOJb3YeTCs BO MHOIMX PaAuo-
9/IeKTPOHHBIX CUCTEeMax B KaueCcTBe OJHOI0 U3 0C-
HOBHBIX MH(OPMAIIMOHHBIX MTapaMeTpPOB CUTHA-
JIOB, TaK Kak MeToZ, a30BOro KOJMPOBAHUS SIBIISI-
eTCs OOHVM U3 CaMbIX IOMEeX0YCTONUMUBBLIX [2].

B u3MepuTenbHOI MpaKkTUKe OOBIYHO pelaoT
3ajauy wu3MepeHMit pasHoctu a3 (dasoBoro
CIBUTa) IBYX TaDMOHUYECKUX (CMHYCOUTAIbHBIX)
Kojieb6aHuit C paBHBIMM YacToTamu [3].

st usmepeHnuit has3oBoro cABUra B HacTosIIee
BpeMsl IIMPOKO WMCIIOAb3YIOT LMppoBble ¢haso-
MeTpbl. OCHOBHOJM 3aJadeli MeTPOJIOrMYeCcKOro
obecrieueHnsI CpeJCTB U3MepeHuit u ha30MeTpoB
B YaCTHOCTH, SIBJISIETCS YMEHbUIEHVE VX II0TpelI-
HOCTU MU3MepeHuii [6].

Lndposoit pazomeTp, pacCMOTPEHHBIN B JaH-
HOJ1 cTaTbe 0OCYKIEeHNY, TO3BOJISIET YMEHbBIIUTh
MOTPeTHOCTh IIpY u3MepeHuu (a3oBoro crpura
671aroapst KOPPEKTUPOBKE U UCKITIOUEHNIO HEOT -
HO3HAYHOCTM B oIpeneeHuM (Ga3oBOro CIBUTa
CUHYCOMJANTbHBIX CUTHAJIOB, a TakKke Giaromapst
MMHUMU3AIUK omboK ¢da3oBpaIiaTesis STaIOH-
Horo curHama. McciemyeMoe yCTpPOMCTBO MMeeT
perynupyemblit pa3oBpaliaTess.
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Onmucaune pasomerpa

B uctounuke [4] npencraBiaeH O4HOKaHAIbHBIN
MHGPAHM3KOUACTOTHBI  (a3oMeTp, KOTOPBIii
ompenenseT GasoBbIii CABUT CUHYCOUIATbHBIX
CUTHAJIOB U MO3BOJISIET YIYUIIUTh TOYHOCTDb M3Me-
peHuit Ga3oBOro CABMUra CUTHAIOB C PA3IMUYHBIMU
aMIUIMTygaMM, UCKIoUass HeOLHO3HAYHOCTh pe-
3yJIbTAaTOB M3MEPEHUIA.

OpHako, ero orpaHMYeHueM SIBJISIETCS TIOTEH-
[IMaTbHAST BO3MOXHOCTD OIMMOOK IIpY OIpejesie-
HUM (Pa30BOrO COBUTA CUHYCOMIATBHBIX CUTHA-
JIOB, BEeJIMUMHA KOTOPOT'O KoJie6GeTcs OT 11/2 10 2.
Takoe TmojIOKeHMEe OOYCIOBIEHO MPYMEHSIEMbIM
MeTOAOM WM3MepeHUs: BHauajge OIlpeJesseTcs
3HaveHMe QYHKIMM tg@y*, 3aTeM pe3yynbTaT U3Me-
peHus BbIUMciIsieTcs Kak arctg(tgex™)=¢«*. B aTom
KOHTEKCTe 3HaueHue GYHKIMMU tg@y* HEOmHO-
3HayHO. Hampumep, tge*=1,732 npu ¢@=m/3 u
©=411/3, tg@«*=-1,732 ipn @©=211/3 U @x=5m1/3.

Yro6bl MCIPaBUThb YKa3aHHBII HEIOCTATOK,
TpebyeTcsl KOPPEKIMsI B BUIE 3HAUEHUS TI IIPU
T/2<@xS3T/2 M B BuUAe 3HaAuYeHuUs 27 IIpu
31/2<@x<2T1 pe3yibTaTa USMEPEHUIA.

JlOTOTHUTENIbHO, AJIST VICKJTIOUEHUST OIIMOOK,
obpasylomuxcsi Ipu  onpenenenuy  ¢Ga3oBoro
COBUTA CMHYCOUAAMbHBIX CUTHAJIOB M3-3a HETOY-
HOoCcTM (pa3oBpamiatensi, B JaHHbIL GdazoMeTp
BHeJIpeHa o6paTHas CBSI3b, KOTOPAsI OTCAEKMBAET
M3MeHeHlMe HOMUHAJIbHOTO 3HaUeHMs yIJia CABUra
dassl ¢asoBpaiaTesnsi, KOMIEHCUPYET M3MEHe-
HUS U YTIpaBiiseT pa3oBpaiiaresnem.

OToT Habop pelleHUi YCIeNTHO BHeApPeH B
undpoBoit pazomeTp, ONMCAHHBIN B JaHHOI MTy0-
JIMKALINHA.

Unmioctpaiiyus 1 1eMOHCTpUPYET CTPYKTYPHYIO
cxemy daszomeTpa.

OYHKIMOHMUPYET TIpejaraeMsiii - (asomerp
Tak:

Omnopusiii curHan U;(t)=Um;sinQt Hampasisa-
eTCsl Ha IepBble BXOAbI IIEPBOTO U BTOPOTO Mepe-
MHOXuTenein 1 n 10, a uccaegyemblii CUTHAI
Uz(t)=Um,sin(Qt-,), KOTOPbI/i MMeeT aHaJIOrMY-
HYI0 4acToTy () ¥ HeM3BEeCTHbIIi (a30Bblii COBUT,
HAaIpaBJIsIeTCsl Ha BTOPOI BXOZ, BTOPOTO MePEMHO-
skxutensi 10 u BTOpOJ BXOZH, IEPBOrO MePeMHOXM-
Tesis 1 yepes mepBblil pa3oBpalaTesrb 4, KOTOPbI
cosuraet dasy ucciaegyemoro curnana Us(t) Ha 11/2

Us(t)=Umzcos(Qt-@y)

OmnopHbiit curHan Ul(t) un uccaemyembiii U2(t)
MOTYT UMETb Pa3/JINYHbIe aMIUTUTYABbI.

CurHas u3 BToporo dbasoBpamiartess 7

U4(t)=Um;cosQt
HaIpaBJISIeTCsT Ha TepBbIii BX0H, 6JI0Ka ompeesie-
HMS 3HAUYE€HMs MOIpaBKku 14 U HAa BTOPOWM BXO[
6yioka yripaBiaenusi (asoBpamarenem 29. Omop-
Hblii curHan Ui(t)= Um;sinQt HampaBisieTcsl Ha
nepBbIit BXoZ, 60Ka ympaBieHus dasoBpaiiare-
nem 29.

Vapassnswilee HanpspkeHue Uy, KOTOpOe reHe-
pUpyeTcsl Ha BbIXoze 6J10Ka yrpasiaeHus ¢hasoBpa-
niatesiem 29, rpencTasisieT cO60¥ MHTErPUPOBAH-
HOe Ha YeTHOM 4YMC/Ie NIepUOJOB NpOouU3BeLeHue
HanpspkeHui Ui (t) 1 Uy(t), yMHOKeHHOe Ha «2».

Ha BbIXOZle BTOPOrO U IIepBOTO ITlepeEMHOKUTE-
neit 10 1 1 GopMUPYIOTCSI CUTHAITBI

Us(t)=Um;Um,sinQtsin(Qt — ¢.);

Us(t)= Um;Um,sinQtcos(Qt — ¢y),
KOTOpbIe HaIPaBJISIIOTCS COOTBETCTBEHHO Ha Mep-
BbIi1 BXOZ, CyMMaropa 6 1 repBblii BX0Z, 6;10Ka BbI-
YUTaHUS 2.
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CurHan
U7(t) = Um;Um;cosQtcos(Qt — @y),
MPOU3BEeIEeHHbINi TPETbUM IepeMHOXUTeNeM 5,
HAaIIpaBJsIeTCs Ha BTOPOV BXOJ cymMmMaTopa 6. Cur-
Hal
Us(t) = Um;UmycosQtsin(Qt — @y),
BBIXOASIINIA U3 YeTBEPTOTO NTePeMHOKUTENST 8
M TIOCTYTIAeT Ha BTOPO¥ BXO/, 6JI0KA BEIYMTAHUS 2.
bnok BerunTaHMs 2 BbigaeT CUTHAI
Ug(t)=Us(t) — Us(t)=
= Um;Um;,[sinQtcos(Qt — @) + cosQtsin(Qt — ¢,)]

= Um;Umssinegy,
KOTOpBIi HaIpaBsSIeTCs Ha IepBbIii BXOH 6i0Ka
neneHus 3.
Curnan

Uso(t)=Us(t) + Us(t) =
= Um;Um;,[sinQtsin(Qt — ¢,) + cosQtcos(Qt — ¢,)]
= Um;Um;cos;,

TOJTyYeHHBII OT CyMMaTopa 6, HalpaBJsIeTcs
Ha BTOPOJi BX0o[I 6;10Ka eyieHus 3.

PesynbpTaToM paboThl 610Ka [eyeHUs 3 SIBJS-
eTCsl CUTHaI

Ui1(t) = Us/Uio = 1y,

KOTOPBIiT HaIIpaBJIsieTcst Ha 6JIOK IIpeo6pa3oBa-
HMS apkTaHreHca 9. Ha BbIxoge 3Toro 6;10Ka ¢op-
MUPYeTCs] CUTHAJ

Uia(t) = arctg(tgey) = s,
KOTOPBIiT MTOCTYIIaeT Ha BXo[ 6;70Ka GhopMUpOBa-
HMS 3HaUeHMs mornpaBku 11.

Biok dopmMupoBaHus 3HaUeHMsT TompaBku 11
npuHUMaeT BxoAHOM curHan Uiy(t) 1 HampasiseT
€ro Ha CBOJ1 MepBbIii BbIXO. [ToMuMo 3TOTO, Ha OC-
HOBe BXOJHOTO curHana Uy(t), 3TOT 6JIOK TeHepu-
pyeT ABa JOMOJHUTEIbHBIX CUTHAJIA:

Uis(t)=1 + ¢«
U14(t) =2m+ (px*.
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OTU CUTHAJIBI HAIPABJSIIOTCS COOTBETCTBEHHO
Ha BTOPOJi U TPeTUit BBIXOIbI JAHHOTO 6JIOKA.

B cocraBe 6;10ka GOpMUPOBAHNST SHAUEHMUSI T10-
npaBku 11 HaxopsATcs ABa cymmMmaropa — 16 u 17.
[TepBbIe BXOAbI 3TUX CYMMaTOPOB CBSI3aHBI C BXO-
oM 6JIOKA M €ro IepBbIM BBIXOJOM, B TO BpeMs
KaK MX BTOPbIE BXO/IbI CBSI3aHbI C 6JI0KAMM XpaHe-
Hus 18 u 19, roe XpaHATCS 3HAUEHUS «TI» U «2TI»
COOTBeTCTBeHHO. CUTHA/IbI HA BBIXOJIaX CyMMaTO-
poB 16 u 17 HampaBJSIOTCSI HA BTOPOI U TpeTuit
BBIXOZbI 6j10Ka (OpMUPOBAHMS 3HAUEHUSI II0-
rmpaBku 11.

Curnanbl Uiy(t), Uis(t), Uws(t) oT miepBoro, BTO-
POTO U TPEeTbero BhIXOAOB 6y10Ka GopMUPOBaHMs
3HayeHMs mompaBku 11 TMOCTYIAalOT Ha COOTBET-
CTByIOIIME BXOAbl KoMMyTatopa 12. CwurnHan
ympasienus Ujs(t), TOSyUYeHHBI OT 6JI0KA yIIpaB-
JleHus 15, mogaeTcst Ha YIIPaBJISIIONINIA BXOJ, KOM-
myTtaropa 12.

biok ympaBneHust 15 reHepupyeT yIpaBisiio-
it curHa Uss(t) ¢ ucronab30BaHmeM 6710Ka orpe-
neneHUsT 3HaueHMsl momnpaBku 14. [Ias 3TOro B
670K ompenesieHUs] 3HAuUeHMSI TOMpaBku 14 Ha
BTOPO/ M MEPBBbI BXOIbl IOLAIOTCS UCXOOHbBIN
onopubiit curHan Ui(t) 6e3 dasoBoro cusura u
onopHbIit curHan Uy(t) ¢ pa3oBbIM CABUTOM Ha T1/2
COOTBETCTBEHHO.

B pesynbTraTe paboThl 6J10Ka OIIpeeaeHus 3Ha -
YeHMs MOIpaBKu 14, Ha ero BbIXOJle reHepUpyeTcs
CUTHA
0<@os/2;

T/ 2< o< 311/2;

31/2<o<21I.
MIPUHUMAIOIINI OJHO U3 TPeX BO3MOKHbBIX 3HauUe-
HMii 1, 2 unu 3, B 3aBUCUMOCTH OT TEKYIIEro 3Ha-
yeHus1 Ghasbl @o = Qt 1o mod 271 OTIOPHOTO CUTHAJIA
Ui (t).

CurHan Uj(t) mocTymaer Ha IepBBIi BXOZ,
6JI0Ka yIpaBjaeHust 15, B TO BpeMsI Kak ucciemye-
mblIii curHan Uy(t) mocTymaeT Ha BTOPOi ero BXO/I.
biok yrpaBiieHus 15 co3gaeT ympaBJisIiONINiA CUT-
Has

L
U16(t) = 2,
3,

1, 0<@xs11/2;
Uis(t) = 2, T/ 2<x<31/2;
3, 31/2<pyS2T.

KOTOPBIi IpUMHMMaeT OOHO U3 Tpex 3HaueHwui: 1,
2 wiu 3, B 3aBUCMMOCTY OT BeIUUYMHBI (a30BOro
copura ucciaenyemoro curHana Ux(t) oTHoOCH-
TeJIbHO OTNopHOTro curHaa U (t).

B 3aBUCMMOCTM OT 3HAUEHWUS YIPABIISIONIETO
curHana Us(t), oguH U3 Tpex curHaioB Ui(t),
Ui3(t) mn Ups(t) mpoxoauT yepe3 KOMMyTaTop 12.
B pesynbTare Ha BbIXoge kKoMmmyTaTopa 12 popmu-
pyeTcsl CUTHaI

Ox 0<@x<$T1/2;
Un()= @ +m T/2<@x$311/2;
@x + 21 311/2< < 21T
KOTOPBIii 3aTeM HampaBjseTcs B OJIOK oTueTa U
peructpauyum 13.

OnucaHHbIii MHQPPAHM3KOYACTOTHBIN (a3o-
MeTp MO3BOJISIeT YMEHbIIUTD MOTPEIIHOCTh M3Me-
peHus IyTeM BHECeHMSI KOPPEKTUPOBOK B Pe3yiib-
TaTbl M3MepeHMUs, UTO YCTpaHsSIeT HeOJHO3Hau-
HOCTb B oIpejiesieHM M (a3oBOro CABUTA CUHYCOU-
JaJbHBbIX CUTHAJIOB M OIIMOKY, BbI3BaHHbBIE (ha30-
BpalliaTesieM OMOPHOIO CUTHaa.

biiok omnpeneneHuss 3HayeHMUs MOIMpaBku 14
BKJIIOYaeT B ceOsl Ba JaTuyuKa Iepexoja uepes
HOJIb 20 11 21, TepeMHOXUTEb 22, TIepBbI CyMMa-
TOp 23, 670K JeyieHus Ha "2" 24, BTOpPOit cyMMaTop
25 v 610K XpaHeHus 3HaueHus "2" 26.

Bbiok yrpaBiaeHust 15 cocTouT U3 IociaenoBa-
TeJIbHO MOJK/II0OUeHHbIX KoMITapaTopa 27 1 Kiaoua
C naMsThio 28.

Biiok yripaBnenust pasoBparniareneMm 29 comep-
SKUT TlepeMHOXuTenb 30, mHTerpatop 31 u ycunm-
Tenb 32 ¢ KoapduumeHToM ycuneHus "2".

BoeiBOBI

OmnucaHHbI B JAHHO CTaTbe MH(pPaHU3KOUa-
CTOTHBIVI (a30MeTp 3HAUUTETBHO YMEHbIIAET
OIIMOKM M3MepeHuii. ITO JoCcTUraeTcs 6iaromapsi
IBYM KJIIOUeBbIM XapaKTepUCTUKaM yCTPOICTBA.

IMepBasg M3 HUX 3aK/II0YaeTCs B YCTpaHEHUU
HEeOJTHO3HAYHOCTU TpU oIpenesieHMM ¢$Has3oBOro
CABUTA CUHYCOMUIAIbHBIX CUTHAJIOB. B cTaHmapT-
HBIX YCJIOBUSIX TaKOM CABUT MOXKET BapbMPOBATHCS
B Iuarna3oHe oOT 1/2 1o 27. B TakoM 60/1b110M J1Ma-
MMa30He BO3MOXHO IIOSIBJIEHME OIIMOOK W3-3a
CJIOKHOCTY TOYHOTO OIpejeseHNs] 3HaueHus da-
30Boro caBura. OmHako 6yaromapst YHUKaIbHOMY
MOAX0/y, IPMMeHsIeMOMY B orucbhiBaemoM ¢a3o-
MeTpe, TaHHasI TpobJieMa YCITeIIHO pelraeTcs.

Bropas xapakTepucTuKa, MO3BOJSIONIAS CO-
KPaTUTb KOJIMYECTBO OMMOOK B M3MEPEHUSIX, CBSI-
3aHa C yCTpaHeHMeM IorpenrHocT dasoBpaia-
TeJIsI OTIOPHOTO CUTHAJA. B OOBIYHBIX YCIOBUSX,
TaKye MOTPeITHOCTM MOTYT BO3HMKATh M3-3a He-
UIeaJTbHbIX YCJIOBUIA PabOThI UM HECOBEPINEeH-
CTBa camoro ycTpoiicta. Ho npuMeHeHue creny-
aJbHOrO TOMAXO0/Aa B NaHHOM (da3omeTpe MO3BO-
JISIeT MMHUMM3MPOBATh 3Ty MMPo6sieMy, fesas uU3-
MepeHusa 60]’[66 TOYHBIMU U HAOE>XHbBIMU.

Takum 06pa3om, YHMUKaTbHAsT KOHCTPYKLUMS U
MeTOIMKa paboThl OMMCAaHHOTO MHGpPaHMU3KOUA-
CTOTHOTO (ha3oMeTpa CITOCOGCTBYIOT 3HAUUTENb-
HOMY CHM>KEHUIO IIOTPEITHOCTU MBMEIJEHMI‘;I " 11o-
BBILIEHNUIO TOYHOCTU M HaEXKHOCTU MOTyYyaeMbIX
TIAHHBIX.
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Russia, Moscow

DIGITAL INFRA-LOW FREQUENCY PHASE METER
WITH PHASE SHIFTER CONTROL UNIT

Abstract. This scientific article provides a detailed study of the design and operation of a single-channel ultra-
low-frequency digital phase meter, a device that is widely used in phase-measuring, information-conversion tech-
nology, as well as in information-measuring systems. The main focus of the article is on a specific aspect of the
design of this phase meter - the use of an adjustable phase shifter. The use of such a component significantly im-
proves the accuracy of measurements. This is achieved by eliminating the error of the phase shifter of the reference
signal when determining the phase shift of sinusoidal signals. Thus, the article thoroughly discusses the advantages
of using an adjustable phase shifter, including an analysis of accuracy, potential problems and ways to overcome
them. This material will be useful for professionals in the field of electronics and measurement technologies, as well
as for those who want to deepen their knowledge in the field of digital signal processing.

Keywords: digital phase meter, error, phase shifter.



AKTYyaJbHBIE UCCTeJOBAHUS ¢ 2023. N223 (153) Q TexXHUYeCKHe HAyKH | 47

HIEHAEPOB AHTOH JIeOHMIOBUY
NupauBunyanbHbIi npeanpuauMarens llleHaepoB AHTOH JIeoHUIOBNY,
benapyce, r. MMHCK

KAPBOH U EI'O IIPUMEHEHHE
B ABTOMOBWJIECTPOEHNU U ABTOCIIOPTE

Annomauusa. Cmames noceaujeHa ucciedo8aHuio 60nPoco8 NPUMeHeHUs KapooHa 8 agmomoounecmpoeHuu
npu npousgodcmee asmomoobuneti. Onucsl8amMcs xapakmepucmuku KapboHa Kak mamepuaid, npueodamcs npu-
Mepbl €20 UCNONB308AHUS 8 PA3AUUHBIX UACMSX ABTNOMOOUNS. YINOUHSEMCSsl, UMO 2a8HbIMU 0CMOUHCMBAMU Kap-
OOHa 6 aBMOMOOUIECMPOEHUU S8II0OMCS BbICOKAS HECMKOCMb, NPOUHOCMb NPU PACMANCEHUU, 1€2KOCMb, HEN00-
BEPHCEHHOCMb A2PECCUBHBIM XUMUUECKUM 8030eliCIeusm, YCMoUiuueocms npu 8bICOKUX Memnepamypax, HusKoe
menJiogoe pacuiuperue. IToduepkusaemcs, 4mo npumeHeHue KapboHa 8 agMoMOOUISX CBA3bI8AIOM C UeNSIMU 3e-
JIEHOT IKOHOMUKU U YenepoOHoli HelimpansHoCcmu, 88UdY 8blCOKOL AhheKmuUsHOCMU MAMepudiad u ezo IK0J102uy-
Hocmu. ITo umozam uccnedosamus desaemcs 8618600 0 MOM, UIMO C yUemom memno8 pocma puliHKa yeaepooHoz2o
80JI0KHA U 8bICOKUX NEPCNEKIMUB NPUMEHEHUS. KAPOOHA 8 A8MOMOOUIECIPOEHUL, MOXCHO OXCUOamb 8ce boJiee 8bi-
COKO€e NPOHUKHOBEHUS KAPOOHA 8 A8MOMOOUNBHYI0 NPOMBIULIEHHOCD.

Knioueeste croea: komnosum, yZﬂepoaHoe 60J10KHO, K(lp6OH, 06m0M06LU1Ll, npomslulJieHHOCMb, asémocnopm,

ynpaensemMocme, 8ec agmomooussl.

Pa3BI/ITI/Ie aBTOMOOM/IBHOI TPOMBIIIIEHHOCTYU
M aBTOMOOWIECTPOEHWUS SIBJISETCS  CJIe[-
CTBMEM pearvpoBaHMsI MPEeATPUITUl Ha OObek-
TUBHBIE BBI30BBI COBPEMEHHOCTM ¥ HOBbBIE IIO-
TpeOGHOCTM HACEeIeHMs, C YUeTOM SKOHOMUUECKUX
BO3MOXXHOCTE, MEePCIEeKTUB U TEKYUIUX PhIHOY-
HbIX ycaoBuit. [IpumeHeHye Kapb6oHa B aBTOMOOM -
JIECTPOEHUY CTAHOBUTCS BCe 60jiee 06bEKTUBHBIM
TPEHIOM COBPEMEHHOCTM, BbI3BAHHBIM YHUKAJIb-
HOCTBIO JAHHOTO MaTepuasa, BHICOKMM YPOBHEM
9KOJIOTUYHOCTY U CTPEMJIEHUSIMU TTPOU3BOISIINX
KOMITaHMII BOCCO37aBaTh Hambosee 3hQeKTUB-
Hble TPAHCIIOPTHbIE CPEICTBA MO, OTIpe/ie/IeHHbIe
HYKIbl. Tak, OGHMM U3 MEPCIEKTUBHBIX C TOUKMU
3peHusT MPOU3BOJCTBA HOBBIX MOJejieli aBTOMO-
Owieii HampaBJIeHMII CTAHOBUTCS OPTaHMU3AIUS
MIPOM3BOJICTBEHHOI JEeSITebHOCTU U TPeAJIoKe-
Hlie HOBBIX KOHCTPYKTOPCKUX pelIeHuii Mo Mo-
TpeOGHOCTh AaBTOTOHINMKOB, B ILEJSIX ampobaiym
HOBBIX KOMOVHALIMIT MaTepuasoB M KOHCTPYKII-
OHHBIX KOHGUTYpalMii B 9KCTPEMAaIbHBIX YCJIO-
BUSIX.

AKTYyaJIbHOCTb TE€Mbl MCCIeIOBaHUsS MecTa U
ponu Kap60Ha B aBTOMOOWIIBHO MTPOMBIIIIIEHHO-
CTU OIpefie/ieHa TeM, YTO CErofHS IIPOM3BOMAM-
TeJIM HaK/IaabIBalOT HAa KapOOH MEeTKy Oymyiiero,
KaK BBICOKOITPOYHOTIO, JIETKOTO U 3(P(PEeKTUBHOIO
MaTepuana, pYMeHeHe KOTOPOTO yKe HaXOIUT
3HAYUTEJIbHBIN OTKJIMK co CTOPOHBI

IpousBoauTesell. B CBSI3U C 3STUM BBICOKOE poJie-
BOe 3HaueHMe MPUOOPETAIOT MCCIeLOBaHMUS,
HalleJIeHHble Ha MCC/IeJoBaHMe KapboHa U Iep-
CIIEKTUB €ro MpUMeHEHMS] B aBTOMOOMIECTpoe-
HUMU, U, B YaCTHOCTU, TIPU U3TOTOBJIEHUU aBTOMO-
6uieit o, Hy>KI bl IPMMEHeHUS B aBTOCIIOpTe.

Llenb McciemoBaHus — OMUCATh OCOOEHHOCTU
MpMMeHeHMSI U PoJib KapboHa B aBTOMOOWMJIbHOI
MIPOMBINIIEHHOCTH.

Kap6oH sB/sIeTcSI YIJIEpOAHBIM KOMIIO3UTOM,
NpUMeHeHye KOTOPOro CerofHs BCe yYallle Haxo-
IUT CBOW OTKJIMK B COBPEMEHHBIX aBTOMOOWMJISIX
BBUAY BBICOKMX 3HAUEHUI yAAPONPOUYHOCTH, pac-
TSIKUMOCTU, TEPMOCTOMKOCTU M MHOTUX IPYTUX.
PaspaboTka YI/IepOAHBIX KOMIIO3UTOB, B TOM
yucie U KapboHa, BO MHOTOM COIIpSIKEHA € MC-
MOJb30BaHMEM CIlelMaJIbHBIX YIJIEPOJOB, KOTO-
pble TIpU HarpeBe MPUOOPETAIOT HeOo6XOIMMbIe
CBOJCTBA.

Cnernduyeckre 0COH6EHHOCTM YITIEPOTHOTO
KoMIo3ura (puc. 1) onpezneeHsl ero crieluannsn-
POBaHHON CTPYKTYpPOW, MpeNCTaBJIE€HHON B BUAE
MaTpUIIbl, B KOTOPOIl ITyT€M apMMUPOBAHUS YTIJie-
POIHBIMU MU TPaPUTOBBIMMU BOSIOKHAMM HOPMU-
pyeTrcs CTpyKTypa marepuana. [IpuyeMm yriepop-
HBIIi KOMITO3UT MOSKET ObITh KaK IPOCTHIM OFHO-
HalipaBJIEHHbIM, TaK M MMeETb CJIOXHYI CTPYK-

TypYy.
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Puc. 1. YrinepogHbiii KOMIIO3UT

3aMeTMM, YTO YI/iepoJlHOe BOJIOKHO — OYeHb
IIPOYHBII MaTepuas ¢ He6oIbIIM BecoM, o61ana-
IOIMIA BBICOKOI MPOYHOCThIO. Kak oTMeuaer
Patil S., mpouHOCTbh KapOOHA MPUMEPHO B IISITh pPa3
BbIIIIE CTa/M [6]. YIyIepogHbIe KOMITO3UTHI 06pasy-
I0TCS ITyTeM B3aMMOAEiCTBMS CMOJIbI U TIJIaCTUKA,
apMMPOBAHHOTO YTJE€POOHBIM BOJOKHOM, KOTO-
pbIii 00/IamaeT BBICOKOIM IPOUYHOCTHIO OTHOCH-
TeJIbHO 00IIelt Macchl. B unciie ry1aBHBIX KauecTB
KapOOHa MOXKHO BbIZEIUTh: BICOKYIO JKECTKOCTb,
MPOYHOCTb TIPU PACTSDKEHUM, JIeTKOCThb, Hemop-
BEP)XKEHHOCTb arpecCMBHBIM XMMMUYECKUM BO3-
IeCTBUSIM, YCTOMUMBOCTD MPU BBICOKUX TeMIle-
paTypax, HU3KOe TeIlJIOBOe pacllivpeHue.

Tem He MeHee, HeCMOTpPS MHOTME TOCTOUH-
CTBa, KapOOH 00J1alaeT TaKKe U OIpeIeIeHHbIMU
HefOCTaTKaMM — YacTO JIOMaeTCs] WIM paccChima-
eTcsl IPU CKaTUM CBepx Ipefiesa ero MpoYHOCTU
WK B pe3y/ibTaTe CWIbHOTO yjapa. KOMITO3UTHI,
KaK ITPaBWJIO, SKOJIOTMYECKM YNCThIE ; TAKUM 00pa-
30M, OHJ He HaHOCSAT Cepbe3HOro yuiepba okpysKa-
fonieii cpeme. Ha maHHbI PakT Takke yKasbiBaeT
H.B. CepoB, cuMTamouuii, YT0 KapboH ITO3BOJIUT
aBTOMOOMIbHO MPOMBIIIJIEHHOCTY UATHU B HOTY C
TPEHAOM Ha KOHTPOJIb 3a Bbibpocamu [4]. Bec ma-
Tepuasa U3 yIrjepoJHOTO BOJIOKHA SKBUBAJIEHTEH
Becy IUIacTMKa M 006JyajaeT OGONBIIMM KOJUUe-
CTBOM CBOJICTB, YeM OObIYHbIE MeTa//IMYecKue
MaTepuanbl. JTO AelaeT KapOboH Haubosiee BOC-
TpeOGOBaHHBIM B MpoIlecce TPOM3BOACTBA adpPO-
KOCMMYECKOI TeXHUKMU, MOPCKOV TeXHUKM, a
Takke B Takux cdepax, Kak rpaxaaHCKoe CTPOU-
TeJIbCTBO, aBTOMOGU/IECTPOEHME.

HarnspHpIM pyMepoM MpuMeHeHMsT KapboHa
MOXXHO Ha3BaTh CHUKEHME MacChl aBTOMOOWIIEN,
Kak IJIaBHOE yCJIOBMe TpU paboTe ¢ TssKeloBec-
HbIM TPaHCIOPTOM, WMJIM Te€MM BUIAMU TPaHC-
MOpTa, KOTOPbIE TOJIKHBI 06/1a/1aTh MTOBIILIEHHOM
JIETKOCTHI0, HAIpyMep TOHOYHbIE aBTOMOOUIIN.
A.B. Mypaiikos 1 A.B. ITonos B cBoeM uccienoBa-
HMM TIPSIMO YKa3bIBAIOT Ha GaKT TOTO, YTO UCIIONb-
30BaHMe KapOOoHa U MTOL0OHBIX eMYy KOMIIO3UTHBIX
MaTepuansoB CIOCOGHO 3HAUMTENBHO COKPATUTh
Maccy Ky30Ba TPAHCIIOPTHBIX CPeLCTB, ONpeesis
POCT IUVIaBHOCTY XO[a; IIPU 3TOM aBTODBI YKa3bl-
BaIOT Ha KJIIOYeBOJ HeJOCTaTOK MaTepuana — ero
XPYIIKOCTb. B CBSAI3M € 9TUM KapOOH He MOKeT IpHu-
MEHSTBHCS B KPUTUUECKMX KOMIIOHEHTaX aBTOMO-
6wis [1]. O.M. Pa3uHa cumuTaer, 4YTO I[VIABHBIN U
MepBUYHBIN HeJJOCTaTOK KapboHa — 3TO ero CTOM-
MOCTb, 3HaUMUTEJILHO 110 YPOBHIO IIPEBOCXOASIIAs
MeTaJl/Ibl, @ TAK)Ke MaTepuasbl U3 CTEKJIOBOJIOKHA.
ITomo6HOe OOCTOSATENBCTBO OIpenessieT CHMKE-
HMe CKOPOCTM PacIpoCTpaHeHUs U MOMyJspusa-
MU YTJIEPOAHBIX MaTepUasioB, 4TO TpebyeT pas-
BUTUSI UHHOBaLuit B chepe Mpou3BOACTBA IIPU CO-
XpaHeHUM YCTaHOBJIEHHOM IIJIaHKY KadecTsa [2].

VrinepofHOe BOJIOKHO M KOMIIO3UTBI, IIJIACT-
Macchl, apMMUPOBaHHbIE YIIE€POSHBIM BOJIOKHOM,
OTKPBIBAIOT Tepesi aBTOMOOWJIbHBIMU KOMITaHU-
SIMM BCECTOPOHHME BO3MOXHOCTU IS afanTaluumn
CTPYKTYPHOI MHXeHepU! K TPeHIy YCTOMUMUBOTO
pasBuTtusl 1 GOpPMUPOBAHUIO HApSILY C STUM JAO-
cTtynHOCTU. CTanb ¥ Jpyrye MeTaJljibl LIMPOKO UC-
MOJIb3YIOTCSI B aBTOMOOMJIBHO IMPOMBIIIEHHO-
ctu. TeM He MeHee MeTa/l/Ibl ¥ CIUIaBbI I1O-TIPEX-
HEeMy MMeKWT peHialllee 3HAUYeHue s
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aBTOMOOWIBHOTO [M3aifHa M KapKaca aBTOMO-
6wns. Ha pucyHke 2 mpeacTaB/ieHbl BapUaHThI

MCIIOJHEHMST OTHAE/NbHbIX YacTeii aBTOMOOWMJIS C
MpUMeHeHreM KapOoHa:

Puc. 2. IlpumeHeHne Kap60Ha B aBTOMOOMIECTPOEHUN

PUCYHOK 2 IeMOHCTPUPYET, KaK KapOOH MOXKET
MCITO/Ib30BAaThCS B Pa3/JIMUHBIX 3JeMEHTaX aBTO-
MOOMIS: OT ABMUTATeIs M KOPOOKM Iepenmad, Io
mraccu aBToMo6uiIs. Bomee Toro, Kap6oH Takxke
MIpMMEHSIeTCS B LeNSX TeKOPUPOBaHUS, CHIKE-
HUS Beca Ky30Ba, B IBepsX aBTOMOOWIS U T.O. B
11eJIOM TIpMMeHeHyre Kap6oHa B 3aBUCUMOCTU OT
KOH(pUrypauyum aBTOMO6GMU/IS TTO3BOJISIET CHUSUTD
Bec Ha 25-60% rpu cpaBHEHUM C META/UIMIECKUM
MCIIoJHeHMeM. PaspaboTka Kap6boHa U ero BHeEH-
peHue B aBTOMOOMIIM CITOCOOCTBYIOT ITOBBIIIEHUIO
yIapOIPOYHOCTM aBTOMOOWMIEN ¥ CITOCOOCTBYET

3all[Te BHYTPEHHMUX KOMIIOHEHTOB, 6ojiee Opo-
TOCTOSIIIMX OTHOCUTENbHO Ky30Ba M APYTMX ua-
cTeit. Harpumep, B c/lyyae MCIONb30BAHUS YIJIe-
POIHBIX KOMIIO3UTOB [IJISI KallOTOB aBTOMOGMIIEN
yaeTCs MOBBICUTD yIaPOIIPOUYHOCTD IIPU JIOGOBOM
CTOJIKHOBEHUM, UTO CIIOCOOHO 3aIUTUTh BHYT-
peHHMe KOMITOHEHTBI: ABUraTejIb, aKKyMYJ/ISITOP,
KOMIIbIOTE€PHBIE CUCTEMBI U JIP., 3a CUET IPUHSITHUS
yaapa Ha KapObOHOBYIO YacTh aBTOMOOMJIS.

O6mast CTpyKTypa IIpOM3BOJACTBAa KapOoHa
MMeeT psifi BKIIOUAKONIMX B cebs 3TamoB (pUcy-
HOK 3):



AKTYyaJbHBIE UCCTeJOBAHUS ¢ 2023. N223 (153)

%ﬁ TexHUYecKre HayKH | 50

w»r Crabunuzanus

HpOI/ICXOHI/IT XUMHUYECKOE
WU3MEHEHHUE yriepoaa.
BosokHa Harpeparotcs 10
390-590°F (200-300°C) B
Teuenue 30-120

MHUHYT. D710 3acTaBiIsAeT
BOJIOKHA IOTJIOMaTh
MOIJIEKYJIBI KUCJIOpOda U3
BO3JlyXa H II€pEeCTPanuBaTh
CTPYKTYPY MX aTOMHBIX
cBsi3eit; 6oree Toro,
PEATIN3YIOTCA TAKXKE U
cTabUIH3NpYIONINe
CTa/IMH.

KapGonuzamms

TMocre crabunuzanun
BOJIOKHA HAarpeBaloT 10
TemnepaTypsl okoio 1830-
5500°F (1000-3000°C) B
TEUECHHE HECKOJIBKHX
MUHYT B [IEYH,
3aII0JTHEHHON Ta30BOH
CMeCBIO, He cozepiKaleii
kuciopona. Henocrarok
KHUcII0poa
MpeaoTBpaLIaeT
BO3TOPaHHE BOJIOKOH NPH
OYEHb BBICOKHX
Temnepatypax. [laBnenue
rasa BHYTpHU Ie4u
MO/JEPKUBACTCS BBILIE,
4YeM JaBJICHHE BO3yXa
CHApYXH, a TOUKH BXOJA U
BBIX0/Ia BOJIOKOH U3 IIeUH
TepMETU3UPOBAHBI, YTOObI

O6paboTka
MOBEPXHOCTH

I‘ITO6])I npuaaTh BOJIOKHAM
JIy4IIUE KJIEAIne
CBOICTBA, UX OBEPXHOCTh
clierka

okeuaupyrot. Jlobasiienue
aTOMOB KHCJIOPpOJa K
TIOBEPXHOCTHA
obecrieunBaeT Jryyuue
CBOMCTBA XUMUUYECKOM
CBS3H, a TAK)KE TPABUT U
TMPUIACT HIEPOXOBATOCTH
TIOBEPXHOCTH UIA
YIydmeHusa MEXaHUICCKUX
CBOICTB cBsi3u. BonokHa
TaK)Ke MOXKHO HOKPBITh
DJIEKTPOITUTHIECCKUM
Cl'lOCO6OM, TIOMECTUB
MOJIOKUTEIBHBIN BBIBO{
BOJIOKHA B BaHHY,
HAITOJIHCHHYIO

. Pazmepsbl

TTocne 06paboTku
MOBEPXHOCTH Ha BOJIOKHA
HAHOCHUTCS IIOKPHITHE,
3alIHIIAIONIee X OT
MOBPEKJICHUH 11pU
HaMaTbIBAHUU MK
TUIETEHNH. DTOT MPOLECcC
Ha3bIBaeTCS

pasmepoM. Matepuaisl
TOKPBITHS BEIOMpAKOTCS
Tak, 4To0bI OHH OBLIH
COBMECTHMBI C KJIEEM,
HCIOJB3YEMbIM IS
(bopmupoBaHUs
KOMIIO3HTHBIX
MatepuaoB. Tunuutele
MaTepHuabl MOKPBITHS
BKJIFOYAIOT SMOKCHIHYIO
CMOJTy, HOJIHACTED,
HEHJIOH, ypeTaH U Apyrue.

HE JOIIYCTUTH
TIPOHUKHOBEHUS

kucnopoza. Heyrnepoanst

€ aTOMBI yIQJIAIOTCA,
OCTaBIIMUECA aTOMBI
yriieposa 06pasyoT
TIPOYHO CBA3AHHBIC
KPHUCTAJUIBI YTIepoa.

Ppa3iIMYHBIMH
JIEKTPONPOBOJAIIIMHA
MarepHuanaMu.

Puc. 3. DTamsl Mpon3BOACTBA KapooHA

O6pamasich K puc. 3, 3aMeTUM, UTO [TOCJIe IPo-
M3BOACTBA YIJIEPOAHON TKAaHU U3 Hee GOPMUPY-
eTCs1 yIJIepoiHOe BOJIOKHO U KapboH. [Ipu mpouns-
BOZCTBe HAOIIOMAIOTCS 3HAUMUTENbHbIE 3aTPaThl
SHeprum IJisl HarpeBa U NoAfepskaHusl TeMIepa-
TYDBI.

YunuTbiBasi BbICOKME TEPCHeKTUBbI UCIIOIb30-
BaHUsI KapboHa B aBTOMOOWIECTPOEHUM, B TOM
YucIie MPU IMPOU3BOICTBE CIIOPTUBHBIX aBTOMOOM -
Jieil, HaO/MI0JaeTcs] 3HAUMTEIbHbBI TPeHJ pocTa
pBIHKAa VYIJAEepOJHOTO BOJIOKHA. [lo [gaHHBIM
mordorintelligence ppIHOK yI7I€pOLHOTO BOJIOKHA
B 2021 r. coctaBua 2,6 miapg. nojut. CIIA; Ha nep-
criekTuBy A0 2027 roma MpOTHO3UPYETCS Hempe-
PBIBHBIV POCT PBIHKA C €KEeTOLHBIM CpeIHEerofo-
BBIM TeMIIOM B 6% [3]. IMeHHO MPOU3BOAUTENN
CTAHOBATCS KIOUYEBBIMU UTPOKaMU, OOYCIaBIM-
BaOUMMM DPa3BUTUS KapOOHOBOI TMPOMBIIIIEH-
HOCTY, TIOCKOJIbKY CITOCOOCTBYIOT TIOBBINIEHUIO
BHYTPUOTPACJIEBbIX CTAHAAPTOB, ONIPEAesIoT 1ie-
HOBBIe TIPeJIOKEeHUSI U YIPABJSIOT MOCTaBKaMU
IS obecrieueHMsT HEMPEPBIBHOCTY IPOU3BOJI-
CTBEHHBIX IIPOLIECCOB M TIOKPBITUSI TOCTOSTHHO
pacTylero copoca.

Ha Ham B3mIsia, 3HaUNTE/IbHOE Pa3BUTHE Kap-
O0HOBas TPOMBIIIUIEHHOCTh MOKET IIPMO6GPECTH B
TOM CJTy4ae, ecau GyOyT OCyIIeCTBISTbCS MHOTO-
CTOpPOHHME U 3D PEKTUBHBIE ITMAP KOMITAaHUM, KO-
TOpbIe MOTYT BOCITPOM3BOJINUTHCS Ha 6a3e aBTOTO-
HOK M aBTOCIOpTa B IieJioM. Kap6oH, Kak mare-
puall, UMeeT He TOJbKO BBICOKYIO ITPaKTUUYHOCTbD,
HO ¥ 3peTUITHOCTb, IPUKOBBIBAS K cebe BHUMAaHMe
3pureseii. McnoiHeHue aBTOMOOUIEN IJISI aBTO-
cropra u3 KapOoOHAa, BHeIpeHMe KapOOHOBBIX

BCTaBOK TaKMM 00pa3oM 06J1ajaeT BbICOKO ITpaK-
TUYHOCTBIO U OTIMYUTENbHBIM AM3aiiHOM. B 06-
et CTPYKType MOXHO BBIIEIUTh C/IeLyIolue
npeumylecTBa KapboHa u mpecc-HopM M3 Hero B
CITIOPTUBHBIX aBTOMOOWIISX [5]:

e  BBICOKME  MexaHMUYeCKue
CTUKMU,

e  pa3mepHas CTabWIbHOCTb;

e  YCTOMYMBOCTD K BBICOKMM TeMIlepaTypam;

e  BO3MOXHOCTb IPOU3BOANUTHL OOJbINE JIe-
TaJieii ¢ OMHOI U TO ke mpecc-hopMoii;

e  IIPOCTOTA PEMOHTA (3aMeHbI);

e  OTHOCUTEIbHO HM3Kas CTOMMOCTb C yue-
TOM MHIUBUAYATbHOTO M3TOTOBJIEHMS;

e  TUOKOCTH MPUMEHEHMST MaTepUaioB;

e  BO3MOXKXHOCTb C03/1aBaTh CJIOKHbIE
dbopmbl o MOTPEOHOCTY KOHKPETHOTO aBTOMO-
O6WJISI 1 ero 3aJlaun.

HUcrmonb30BaHMe yIiaepogHbIX KOMIIO3UTOB T0-
JIOKUTENBbHO BAMSIET Ha SKCIUIyaTalMio aBTOMO-
O6usist. YryiepomHble KOMITO3UTBHI 06/1a1al0T BbICO-
KOV YyIOApOIpOYHOCTBHIO M MOTYT BBIIEpPKUBATDH
3HAYUTEIbHO BBICOKME TEeMIIepaTypbl, UYTO CIIO-
COGCTBYET MX MCITONIb30BAHMIO B aBTOMOOWIISIX U
aBTOMOOMISX. [IpyrMe MaTepuasbl, Takue Kak
CTallb U TIOJOOHBIE METAaJIIbl, SIBJISIIOTCS XOPO-
MMM TIPOBOAHMKAMMU 3JIEKTPUUECTBA U TeIlIa,
YTO MOKET MPUBECTU K CEPbe3HOMY IOBpeXIe-
HUIO IPYTUX KOMIIOHEHTOB aBTOMOGWMIISI. [ToaToMy
MCITOIb30BaHMe YIVIEPOJHBIX KOMIIO3UTOB B 3TOM
OTHOILIEHNUY BBICOKO3(hdeKRTBHO. TOUHO Tak ke
MCII0/Ib30BaHMeE YTIePOSHBIX KOMITO3UTOB /IS Ka-
IIOTOB aBTOMOOWIEN WM JepsKkaTesss akKKyMYJIsi-
TOpa MOXeT ObITb OYeHb 3(GEeKTUBHBIM,

XapakTepu-
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ITOCKOJIbKY €ro MPOTMBOYIapHbIe€ CBOICTBA MOTYT
IIOMOYb IMPeJOTBPATUTh ITOBpPEXIEHNE BHYTPEH-
HUX KOMIIOHEHTOB aBTOMOOWJIS B CJTy4ae KPYITHBIX
aBapuii. B Takom ciiyuae KapOoH NpuUMeET 6O0Jb-
IIYIO YaCTh YIAPHOJ CUJIbI B ce6sl, M eC/IM OHa Ipe-
BBICUT TIpefesbl 3araca MPOYHOCTH, TO OH pa3py-
IINTCSI, MMHOBAB IOBPEXIeHME OPYTrUMX KOMIIO-
HEHTOB. JTO MOJIe3HO /IS CIaceHus >KU3HeM, a
TaKKe 1151 obecreyeHst HeIpepbIBHOTO QYHKIIM-
OHMPOBAHMS aBTOMOOWJIS B I1€JI0OM, €r0 PEMOHTO-
MIPUTOTHOCTM.

TakuM 06pa3oM, IpUMeHeHe Kap6oHa B aBTO-
MOGUIECTPOEHNUM Y aBTOCIIOPTE SIBJISIETCSI 0ObEK-
TUBHBIM TPEHIOM YCTOINYMBOTO (3€JIEHOr'0) 3KO-
HOMMYECKOTO PasBUTUS U MOMCKA HambojIee mpu-
TOAHBIX ¥ O6JIaMaIIMX OTPOMHBIM UYMCIOM JI0-
CTOMHCTB MaTePUAIOB, KOHKYPEHTOCIIOCOOHBIX Ha
(doHe TpaguIMOHHbIX MeTa/uIoB. C yUYeTOM TeM-
IIOB POCTa PhIHKA YIIEPOIHOIO BOJOKHA U BbICO-
KMX [IePCIIeKTUB IIPUMeHeHMsI KapOoHa B aBTOMO-
OWIecTpoeHMM MOYKHO OKUIATh BCe 6oJiee BbICO-
KOe MTPOHMKHOBEHMS KapOoHa B aBTOMOOGUIbHYIO
MIPOMBIIIIEHHOCTD, 8 KaK UTOT, ITOSIBJIEHNME HOBBIX
aBTOMOOMIIEN, CHIMKEHME CTOMMOCTYU IIPOMU3BO/I-
cTBa KapboHa U JIp.
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Individual Entrepreneur Shenderov Anton Leonidovich, Belarus, Minsk

CARBON FIBER AND ITS APPLICATION
IN THE AUTOMOTIVE INDUSTRY AND MOTORSPORT

Abstract. The article is devoted to the study of the use of carbon fiber in the automotive industry in the produc-
tion of cars. The characteristics of carbon fiber as a material are described, examples of its use in various parts of
the car are given. It is specified that the main advantages of carbon fiber in the automotive industry are high rigidity,
tensile strength, lightness, non-susceptibility to aggressive chemical influences, stability at high temperatures, low
thermal expansion. It is emphasized that the use of carbon fiber in cars is associated with the goals of green economy
and carbon neutrality, due to the high efficiency of the material and its environmental friendliness. According to
the results of the study, it is concluded that taking into account the growth rates of the carbon fiber market and the
high prospects for the use of carbon in the automotive industry, we can expect an increasingly high penetration of
carbon into the automotive industry.

Keywords: composite, carbon fiber, automobiles, industry, auto-sports, handling, car weight.
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BOEHHOE AEJO

BPIOTOB CBeTocC1aB AJleKCaHAPOBUY
KypcaHT, HoBocOGupcKuiit BOEHHBI MHCTUTYT opaeHa JKykoBa MMeHM reHepaia apMun
N.K. SIxoByieBa BOVCK HaLIMOHA/IbHOI rBapauyu P®, Poccus, r. HoBocubupck

JUCHUIINHA B ITIOAPA3AEJIEHNA

Annomauusa. Cmamoa nocesujeHa 60Npocam 0UHCKOL OUCYUNIUHbL, NPABUIAM NOBEAEHUS 8 BOUHCKOM KO-
Jiekmuee, 8AUSHUI0 B0UHCKOLI QUCYUNIUHBL HA N0BCEOHEBHYI0 HU3HedeamenabHoCmb. Paccmompena cucmema no-
OWpeHUli U HAKA3aHUll, a maxxce nPoGuUAAKMUKA 80UHCKOL QUCYUNIUHbBL 8 NOOpa3deseHUl.

Kroueesle cnosa: sounckas OucCyuniuHa, KoJleKmus, ycmas, ciyxod, noowpeHue, 8ausHue, COCmosiHue, Ko-

MaHoup, peuleHue.

TepMI/IH «IUCOUIIIMHA» MosiBMWICSI B Poccuu B
mapre 1714 ronma no ykasy Ilerpa I «O coxpa-
HEeHUM OUCIUIUIMHBI Ha Kopabyie U MoAaCyTHOCTU
MOPCKUX M CYXOITyTHBIX BOeHHOCTyXamux». Cy-
MIECTBYIOT pasindHbie GOPMbI IUCITUTUIMHBI: TOC-
yIaapCTBEHHAs, TPYA0Bast, 06IeCTBeHHAasI, TapTHii-
Hasi. Pa3HOBUAHOCTBIO TOCYHAPCTBEHHOM OUCIIN-
IUVIMHBI SIBJISIETCS BOMHCKAsI OMCHUILIMHA. BouH-
CKasl IUCIUIUIMHA €CTh CTPOToe ¥ TOUHOEe COBITIo-
JleHye BCeMM BOEHHOUTYXKAIMMM MOPSIKa U Ipa-
BWJI, YCTAHOBJIEHHBIX 3aKOHAMU, BOMHCKUMM yCTa-
BaMM U IIpUKa3aMy KOMaHIMPOB (HauaJabHMKOB).

[Tpo6ieMa COCTOSTHUSI M YKPETUIEHMSI BOMHCKOIA
IVICIUILIMHBI HA CETOIHSIIITHMII TeHb SIBJISIETCSI O -
HOJ M3 CaMbIX OCTPBIX B XXMU3HU U OeSITEebHOCTU
Boopyxxennsix Cun Poccuiickoit ®@epepanuu. OT
COCTOSTHMSI BOMHCKOM OUCIIUIIMHBI BO MHOT'OM 3a-
BUCSIT He TOJIbKO 60eBasi TOTOBHOCTD UacTeii U co-
eIVHeHUi, HO U aBTopuTeT BoopyskeHHbIX Cuil B
ob1iecTse.

CyTb BOMHCKOWM OIUCUMUIIIMHBI U3j0keHa B 1Y
BC P®. B ct. 1 aToro YcraBa maeTcsl onpeneieHue
BOMHCKOM IUCLUUIINHBI: «BoMHCKas OUCHIUIIMHA
€CTb CTPOTO€e ¥ TOYHOE COOJIIONEHNE BCEMM BOEH-
HOCTY>KalllUMU TIOpsiAKa M OpaBuUil, YCTAHOBJIEH-
HbIX 3aKOHAMM, BOMHCKMMM YCTaBaMM U TpUKa-
3aMM KOMaHIMUPOB (HayaJabHUKOB)». Heob6xommmo
MOJUEPKHYTh, YTO AUCIUIIIMHA He MMeeT Lienu
yiIeMuTh IpaBa JuuHocTu. OHa obecrieynBaeT
CTVIOYEHHOCTh BOEHHOCTYXKAIIUX, UX TOTOBHOCTD K
BBITIOJTHEHUMIO CTOSIIIMX ITepel HUMMU 3a1ad.

3a coCTOsIHMEe BOMHCKOM AUCIUIUIMHBI B BOMH-
CKOJi yacTu (Tlogpa3aesieHu) OTBEYal0T ee KOMaH-
oup u 3aMeCTUTEeNb KOMaHAupa 1o

BOCIIMTATEIbHOM paboTe, KOTOpbIE MOKHBI I10-
CTOSIHHO Tpe6oBaTh OT IMOAUMHEHHBIX ee CobIofe-
HMUSI, TTIOOLIPSITh MTOCTOMHBIX, CTPOTO, HO CIIpaBe-
JIMBO B3bICKMBATh C HEPAIUBBIX.

OCHOBHBIMM Tpe6GOBaHMSIMM K aHaIMU3y BOMH-
CKOJi IOUCIUIUIMHBI SIBJISIIOTCS  O06BEKTUBHOCTD,
BCECTOPOHHOCTh, KOHKPETHOCTb, PETY/ISIPHOCTD,
CUCTEMHBIi1 ITOIXO]I,.

Komaunaup nogpaspmeneHusi, opranu3ysl paboTy
I10 TIOAAePsKaHMI0 BOMHCKOM OUCIIUIUIMHBI U TIpa-
BOIIOpSIIKA, JO/IKEH UCXOOUTh U3 TOTO, UTO Kpell-
Kast BOMHCKAs OUCIUIIMHA U TBEPObIi YCTaBHOI
TOPSIIOK SIBJISTIOTCSL OJHUM U3 IJIaBHBIX YCJIOBUIA
roAAep>kaHusl BBICOKOV 00eBOJ TOTOBHOCTU U
60ecrnoco6HoCT BC PO.

OpraHusaTopckas paéoTa KOMaHAMpPa MOJ-
pasaejieHus 1o MoAAeP;KaHMI0 BOMHCKOI JIVC-
IUIIMHBII [JTaHMPOBaHMe PaboThI

2. HemocpencTBeHHas paboTa € TMYHBIM CO-
CTaBOM MO MOAAePKaHUIO OUCLIUTLINHbI

3. Vuer mpecTyIUleHuit, MPUIIECTBUIL U OUC-
LIUTUTMHAPHBIX ITPOCTYIIKOB

4. AHanu3 COCTOSIHMSI BOMHCKONM JOUCIIMU-
IUTMHBI B TToapasaeeHnuOneHKa COCTOSTHUSI BO-
MHCKOJ OUCLUILIMHBI B ofpasaenenuullonsemne-
HJe UTOTOB COCTOSIHMS TUCIUTIMHBI 1 BRIPAaOOTKA
Mep I10 ee YKpeIuIeHMI0. 3a OTJIMUYHOE HeCEHME BO-
MHCKOIM CITy3KObI, BOEHHOCTYKAIIIA MOKET OBbITh
MTOOIIPEH KOMAaHIOBaHMEM.

Kax yske roBOpMIOCH BbIIIIe, COOMIOAEHIe BOVH-
CKOJi IUCHUIUIMHBI SIBJISIETCSI OCHOBOI 3(pheKkTuB-
HoJt apmuu. OgHAKO MOCTPOEHME CTOIb CEPbE3HOM
CUCTEMbI HEe MOKET OBbITh OCHOBAHO MCKJIIOUM-
TeJIbHO Ha [0JTe 1 06s13aHHOCTSIX. HecMoTps Ha TO,
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YTO MMATPUOTU3M U TPaKIAHCKAs CO3HATENTbHOCTh
SIBJITIOTCSI OCHOBHBIMM CTUMYJIaMM IJISI COJIIAT,
yCcTaB IIpeaIojaraeT OINpeneIeHHYI0 MOOLIPU-
TeJbHYIO cucTeMy. IIomo6GHOe yKpeIieHue BOMH-
CKOJ OUCILUIUIMHBI B TIOApAa3ae/eHnu IIpeaIiona-
raeT cIeayIoliye BUAbI TIOOIIPEHNS

e  3aUIyTM CONJATa 3aUMTBHIBAIOTCS IIepe
BCEM JIMUYHBIM COCTaBOM, ITOCJIE€ YEeTr0 IMPOBOIUTCS
€ro NyoJIMyHOe Mool peHNne;

e TIPY 3HAUMTENIbHBIX MOCTVMKEHUSIX ITyO-
JIMYHasT 6J1ar0JapHOCTb COIIATY MOXKET ObITh BbI-
paxeHa nocpeactsom CMU;

e OCYIIECTBJISIETCS BbIJaya JAEHEKHOI Ipe-
MUM;

e  nenaloTcs maMsTHble pororpaduu;

e 00 0COOBIX 3acyyrax BOEHHOTO COOOIIa-
€TCsI Ha MeCTO ero 00y4eHust Uiau paboThI.

OTBeTCTBEHHOCTH 3a HapylIeH/e BOMH-
CKOM JUCHUIIMHDbI

CyLIHOCTh BOMHCKOJ IMCHMUIUIMHBI 3aK/I0va-
€TCsI B TOM, UTO CIyKaluii 06s3aH HEYKOCHU-
TEJIbHO MCIIOJIHSATH CBOM 00SI3aHHOCTU. B JTaHHOM
cyyae OmpemeleHHbIM CTUMYJIOM K YeCTHOMY
HECEeHUIO CIYKObI SIBJIIETCS HE TONBbKO CUCTEMa
MTOOILIPEHMIA, HO ¥ BO3MOKHbIE HaKa3aHMs 3a Ipy-
Oble HapymeHus ycrasa. Yaine BCero peub UAET O
CJIeAYIOMMX MTPadHBIX CAHKIMSIX:

e  BbIHECEHMeE BbITOBOPA B YCTHOI MM MTUCh-
MeHHOI hopme;

e  COJAAT OTIIPAB/ISIETCS B Hapsid BHE Oue-
penu;

e  JIMIlIeHMe [IpaBa Ha YBOJIbHEHMeE B FOPOJ;

e  TIIOMelIeHNe Ha raynrBaxTy. B 3aBucumo-
CTM OT CTeNeHM HapyIIeHWUS] BOMHCKOWM IVCIV-
IUTMHBI, TAKOe HaKa3aHyue MOXeT [eliCTBOBaTh J0
10 cyToK;

e apect. JTo Haubosee ceppe3Has Mepa
HaKa3aHMs, KOTOpasi MPMMEHSIeTCSI B TOM CiIydae,
eciyu pedyb UIeT He TOJAbKO O HapylIeHUM yCTaBa,
HO U O COBEePIIeHUY ITPeCTyIUIeHNS.

JIutepaTtypa

1. 3enukos, A. WU. VKpemjieHue BOMHCKONI
OVCHUILIMHBI KOMaHAMpaMM Ioapasaenenmii / A.
W. 3enukos, K. A. EpuckuH. — TekcT : Helocpe-
CTBEHHBIN // Monopoit yuensii. — 2017. — N2 44
(178). - C. 172-175. - URL:
https://moluch.ru/archive/178/46235/ (nata ob6pa-
weHus: 08.06.2023).

2. https://obrazovanie-
gid.ru/doklady/doklad-o-voinskoj-discipline-v-
podrazdelenii.html

3.  https://moluch.ru/archive/178/46235/

4. https://studfile.net/preview/4060844/pag
e:67/

5. https://studopedia.ru/7_60473 organizato
rskaya-rabota-komandira-podrazdeleniya-po-
upravleniyu-voinskoy-distsiplinoy-i-
podderzhaniyu-tverdogo-ustavnogo-
poryadka.html

BRYUTOV Svyatoslav Aleksandrovich
cadet, Novosibirsk Military Institute of the Order of Zhukov named after General of the Army
I.K. Yakovlev of the National Guard of the Russian Federation, Russia, Novosibirsk

DISCIPLINE IN THE DEPARTMENT

Abstract. The article is devoted to the issues of military discipline, the rules of conduct in the military team, the
influence of military discipline on daily life. The system of rewards and punishments, as well as the prevention of

military discipline in the unit is considered.

Keywords: military discipline, team, charter, service, encouragement, influence, condition, commander, deci-

sion.
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OCHOBBI BOEHHO¥ CJIY>XBbI 1 OBOPOHBI TOCYJIAPCTBA JIJI
BOEHHOCJTY KAIIMX ITOJIPA3EIEHU CIIELIIUAJIBHOTO HASHAUEHUSA

AnHomauus. Cmamos noceésaueHa 80NPocam 80eHHOL Cyx#0bl U 000pOHbI 20cydapcmed, 0cHo8am 60pb0bl ¢
meppopusmom. B cmamee paccmampusaromes yeau 80eHHOU opzanusayuu zocydapcmed, OoOKymMeHmsl cmpame-
2UUeCK020 NAAHUPOBAHUS, BOUHCKUE 005I3AHHOCMU 2paXOaH U dessmesibHOCMb BOLICK 8 YCI08UX MeXCOYHAPOOH020

meppopusma.

Knoueesle cnoea: soeHnas 0OKmMpuHa, meppopusm, npomusodeiicmsue, 000poHd, 20cydapcmeo, KOHMPOIb,

6oesuxu, npobnemd, 2ubpudHas 8oLiHa.

60poHa rocyzapcTBa — cucTemMa Mep IO 3a-

LIMATE ero 1eJ0CTHOCTU ¥ HETPUKOCHOBEHHO-
ct. OCHOBHOVI QYHKIIMEN BOOPY>KEHHBIX CUJT BCe-
roa SIBJISIach OOOpOHA CTpaHbl OT HaIameHuUs
n3BHe. BoeHHass JOKTpuUHA IpenCcTaBiseT coboii
COBOKYIHOCTb O(MUIIMAIbHBIX B3IISAOB (YCTaHO-
BOK), OTIpeZe/IsiolMX BOEHHO-TIOIUTUYeCKe, BO-
eHHO-CTpaTermueckie 1 BOEHHO-3KOHOMMUYECKIe
OCHOBBI 00ecTeueHNsT BOEHHOV 6e30macHoCTy PO,

BoenHas opranmu3aiusi rocyapcTBa BKIKOUYAET
B cebst Boopyskennbie Cuibl PO, gpyrue Bojicka,
BOMHCKMe HOpMIUPOBaHUS U OpraHbl, MpegHa3Ha-
YeHHbIe I BBITTOJIHEHMS 3aJay BOEHHON 6e3-
OTIACHOCTM BOEHHBIMM METOIaMM, & TaKKe OpPTaHbl
yIIpaBaeHUS] UMM, YaCTh TPOMBIIIJIEHHOTO U Hayu-
HOT'O KOMIIJIEKCOB CTPaHbI.

I'naeHoli yenvl0 BOEHHOV OpraHM3alUu ToCy-
IapCcTBa SIBJSIETCS obecrievueHue 3alUThl HAIVO-
HaJbHbIX MHTEPECOB U BOEHHOI 6e30macHOCTU
CTPaHBbI U ee COI03HUKOB.

PyKoOBOACTBO BOEHHOI OpraHmMsanum rocygap-
CTBa, obecreuyeHre BOEHHOII 0Ge30ITacHOCTU OCY-
mectBaseT IlpesupmeHT P®, KOTOpbIV SBASETCS
BepxoBHbiM [N1aBHOKOMaHAyoOIMM BoopyskeH-
HbiMU Cunamu PO.

IIOKyMEHT CTpaTermueckoro IiaHMpOBaHUST —
Boennas pokrtpmHa P®, yTBepkaeHHasi YKa3om
IMpesumenTa ot 05.02.2010 N2 146. dTo cucrema
obULIMATBHO MPUHSITBHIX B TOCYapCTBE B3TJISIOB
Ha TMOATOTOBKY K BOOPYKEHHOI 3all[UTe U BOOPY-
SKeHHYI0 3amuTy PO, a Takske orpeaensiommux Bo-
€HHO-TIOIUTUYECKIEe, BOEHHO-CTpaTermyeckue u
BOEHHO-3KOHOMUYECKME OCHOBBI OOecredyeHus
BOEHHOJ 6e30macHoCcTy PD. OHa yYUTHIBAET IT0JIO-
skeunsi KoHUenumuyu AOATOCPOYHOTO COLMATbHO-
9KOHOMMUYeckoro passutusi P®, Crpareruu

HalMOHA/IIbHOV 6Oe3omacHocTy PO, KoHuemuuu
BHelllHe TonuTuky PO 1 Mopckoii fOKTpuHbBI PD.
OTM JIOKYMEHTbl DeKOMeHIyeM II0CMOTpeTh (B
CeTn), TeM, KTO XOYeT JIyyllle IIOHATb IOIUTUKY
Hallel CTpaHsbl.

BouHckast 00s13aHHOCTB TpaxknaaH Poccuit-
ckoyi Penepanyy npenycMaTpyuBaeT:

—  BOMHCKMIL YUET;

—  00s3aTenpbHYI0 IOATOTOBKY K BOEHHOI
CTysKOe;

—  TIpU3bIB HA BOEHHYIO CITYKOY;

—  TMpPOXOXKIEeHMe BOEHHOI CITYKOBI 10 Ipu-

—  TipeObIBaHMeE B 3arace;

—  OpuU3bIB HA BOEHHbBIE COOPBI U MTPOXOXKIE-
HJE BOEHHBIX COOPOB B MEPMOJ, TPEObIBAaHMS B 3a-
nace.

B yu10BUSIX MEXXIyHapOOHOTO Teppopu3Ma ak-
TyaJIbHbIM CTaJ BOIIPOC O IpuBJaedeHUNU Boopy-
>keHHBbIX Cuit PO K yyacTuio B IPOTUBOOEICTBUMN
TEppOPU3MY, U B MEPBYI0 OUepenb, K y4aCTUIO B
60pnbe ¢ TeppopusMoM. B coorBeTcTBUM ¢ Defe-
pasibHbIM 3aKOHOM OT 06.03.2006 «O mpoTuBomeii-
CTBUM TeppopusMy» BoopyskeHHbIe cuiibl PO mo-
TYT IPUMEHSITbCS :

e IS TIpeceyeHus MoaeTOB BO3AYIIHbIX CY-
OB, UCMOJIb3YeMbIX [JisI COBEpIIeHUS] TepakTa
MO0 3aXBauYe€HHBIX TEPPOPUCTAMMU;

e  TIpeceyeHusl TEPPOPUCTUYECKUX aKTOB BO
BHYTPEHHUX BOAAX U B TEPPUTOPUATIBHOM MOpe
P®, Ha 06beKTaX MOPCKOJT TPOU3BOACTBEHHOI Jle-
SITEJIbHOCTM, PACIIOJI0KeHHBIX HA KOHTUHEHTAb-
HOoM Iienbde PP, a Takoke A obecrieueHus: 6e3-
OIMAaCHOCTU HALMOHAJILHOTO MOPCKOTO CYHOOXO[-
CTBa;
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e yyacTus B TMPOBEJEeHUM KOHTPTEPPOPU-
CTUYECKOJi OIlepalyy B MOPSAKe, IPeayCMOTPEH-
HOM Hactosum @enepaabHbIM 3aKOHOM,;

e  [IpecevyeHUs] MEXIYHApOIHON Teppopu-
CTUYECKOJ IesITeJIbHOCTH 3a IIpeaeiaMyu TepPUTO-
pun PO.

Kaskmoe rocymapcTBO MMeET CBOM MHTEPECHI,
KOTOpbIE SIBJISIIOTCSI IVIABHBIMM [JIS1 BCEro OOIIe-
CTBAa, €r0 COLMA/IbHBIX CJI0EB, IJIs1 BCeX JIIOMel, Ka-
KOJ1 6bI HAIIMOHAJILHOCTY OHM He ObLINM, KAKOTO Obl
BEPOMCIIOBeIaHNSI He IpuaepKuBainch. Takue
MHTepeChl Ha3bIBAIOTCS HALIMOHA/IbHbIMM. Hatyo-
HanbHbIe MHTepeckl Poccniickoit @egepanyyt — 3TO
IOCTOSIHME M LI@HHOCTM Halero obiiectsa. OHM
3aTparuBaloT MOJUTUYECKMEe, 3SKOHOMUYECKUe,
TeppUTOpUaIbHbIe, S5KOJIOTUUECKIE U MHbIe CPephI
KU3HEeIes TeIbHOCTHU JII0fel, Bcero rocymapcrsa. C
BOEHHO-TMOUTUUECKOV TOUKY 3peHMs Cyiefyoliee
IecsTuaeTHe craHeT it Mupa u Poccuu mepuo-
IIOM 3aBepllleHUs] CTpaTernuyeckoil Imaysbl, KOTO-
pas rocjieloBasia 3a OKOHUYaHMEM 3I0XM OUITONSIP-
HOJi KoHGpoHTanuu. IlocTerneHHOe HapacTaHue
MacIITaboB yrpos, BO3HUKIIMX Ha HALIMX IIa3ax
3a MocJIeHee JecSITUIeTHE, MOXKET ITPUoOpecTu B
Cjleyloliye rofabl HOBOe KauecTBO, 3aCTaBUB Bely-
1Ie gepskaBbl coeaaTh CTPaTermuecKuii BbI6op 1Mo
BOIIPOCY O pOIM CWJIOBOro (akTopa B CBOEji

BHEIIIHEe! MOJUTHUKE U B MEXKIYHAPOSHBIX OTHO-
IIeHMSX B 11eJI0M. B rmociemHye rogbl BO3pOC/Io KO-
JIMYECTBO TaKMX 6eCUeIOBEUHBIX M KeCTOKUX Ipe-
CTYIUIEHUIA, KaK B3pbIBBI B MeCTaX MacCCOBOTO
CKOIIEHMS JIIOfei, Hallpumep, B KMHOTeaTpax,
BOK3ajIaX, a’3poIopTax, B OOIIECTBEHHOM TpaHC-
ropre. [J1aBHOE, UTO JIEXKUT B OCHOBE TEPPOPUCTU-
YeCKMX aKIuii U, IIpesKe BCEero, MOIMTUYeCKOTOo (1
roCyIapCTBEHHOT0) Teppopu3Ma, 3TO UIEO0I0TUS.
JKectokasi, KpoBaBasi 60pb0a 3a IJTaBEHCTBO YOeXK-
IeHU, ugeaaos.
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AXMETOB Pycram PuHaToBuu
Lightspeed Commerce Inc, I'py3us, r. Tommcu

WEB3: BOSHUKAIOIIVE TEHIAEHIIVA 1 BO3MOXXHOCTHU
B MHTEPHET-TEXHOJIOI'MSIX

AnHomauus. JlaHHas HayuHas cmames ucciedyem akmyansHyio memy Web3 — cnedyrowezo nokoneHus Hn-
mepHema, 0CHOBAHHO20 Ha OJI0KueliHe U JeyeHMpPanu308aHHbIX MEXHOJI02UAX. ABMOPbI CMPeMamcs onpedesums
OCHOBHble NPUHYUNBL U PYHKYUOHAILHOCMb IMUX MEXHOJI02Ull, a makxce ux npeumyujecmea u ozpavuieHus. B
uccnedo8aHuu UCnoJ1b308a1UC, Memodsl Meopemuueckoz0 aHanu3d, aHaIu3a OaHHbIX, Kelic-uccnedo8aHust u am-
nupuueckozo uccnedosarus. Pesynsmamet uccnedosanus noxkassieaiom, umo Web3 npedcmaensem coboli Hogoe
nokonexue HumepHem-mexHoo02ull, KOmopoe cmpemumcs co3d0ams deyeHmpaiu308aHHy0 U 0mKpslmyw cpedy
025 nonwv3osameneli. OcHo8Hble meHJeHYUU U 803MOXCHOCMU 8 pamkax Web3 exntouarom OJ10KUeliH U cMapm-KOoH-
mpaxkmol, OeyeHmpanu3o8aHHsle npunoxerus (dApps), uHmeponepabenbHocms, deyeHMpanu308aHHble PUHAHCHL
(DeFi), camosbipasceHue u KOHMpOoJib OaHHbIX, 81A0eHUe YUDPOBLIMU AKMUBAMU, pachpedesieHHOe XpaHeHue 0aH-
HbIX, paspelieHue npoobaemsl udeHmupurauuu, MUKponaamexu u 603Hazpaxc0eHus..

Knioueewie cnosa: WebZ, mexHoJioZuu, MmemaecesieHHas, 6]101(‘161:1H, cvapm-KOHmpakmel, cemaos I/IHmepHem.

AKTyaJbHOCTb MCC/IeJOBaHMS

IIpencraBiieHHass TeMa MCCIeAO0BaHUS SIBJIS-
eTCs BeCbMa aKTyaJIbHO U BbI3bIBA€T 3HAUUTENb-
HbII MHTepec B VIHTepHEeT-TeXHOJIOIMUYEeCKOM CO-
obmectBe. Web3 mpepacrapisieTr cob60it KOHIIEM-
MO C/Iefylolero MokojaeHus: IHTepHeTa, OCHO-
BaHHOTO Ha OJIOKYeliHe U AEeIeHTPaTU30BaHHbBIX
TexHOJOTUsSIX. Web3 CTpeMUTCSI YCTpaHUTD 1ieH-
TpaJM30BaHHbIE MOJEe/N, TIe yIpaBjieHe U KOH-
TPOJb JIeXXaT B PyKaX HECKOJIbKUX KPYITHBIX KOM-
nanuii. Bmecto storo, Web3 nponarangupyer ne-
IleHTpaIM30BaHHbIE€ TTPOTOKOJIBI U CETH, TAe KaxkK-
IIbIii YYaCTHUK MMeeT paBHbIe MpaBa ¥ BO3MOXXHO-
ctu. Web3 mo3BosisieT cO3aBaTh AEeIleHTPaan30-
BaHHbIE ITPUJIOKEHMSI, KOTOpPbIe paboTaloT Ha 6ase
6/10KueitHa. DT MPUIOKEHUST He 3aBUCST OT IeH-
TPaJIM30BaHHOTO CepBepa U MMEKT IMpeumylie-
cTBa B 00yiacTu 6e30IMaCHOCTH, ITPO3PAYHOCTH U
yIIpaBJIeHUS JAaHHBIMMA.

IHenp ucciaegoBaHUs

Llenbio ucciieloBaHKS SIBJSIETCSI M3yUeHMe pas-
JUYHBIX acrekToB Web3, Takux Kak GJIOKUYeilH,
CMapT-KOHTPaKThI, JelleHTPpaIu30BaHHbIe CETU U
MPOTOKOJIbI, B LeJNSIX OIpelesieHNs] OCHOBHBIX

MIPUHINIIOB ¥ QYHKIIMOHAIBHOCTY 3TUX TEXHOJIO-
TUii, UX TIPEUMYIIECTB U OTPAaHUYEHUIA.

Marepuaa M MeTOAbI UCCIed0BaHUS

U3yueHnem BOIIPOCOB, MOCBSILLIEHHbIX aHAIN3Y
TeHAeHIMi1 pa3BuTtus Web3, 3aHMManuch Takue
yuenbie Kak A.P. Augpees, [1.10. Asumosa,
M.M. KomapoB, A.IO. TecrtoBa, B.A. Illaukona,
H.A. [TIy6oBcKast u 1ip.

MeTogamu wuccaenoBaHUS SIBJASIOTCS: METOL
TeOpeTUUYEeCKOro aHaauM3a, MeTOH, aHajliu3a OaH-
HbBIX, METOJ, KeliC-1CC/IeJOBAHUS, METOI, SMIIUPU--
YeCKOTo UCC/IeJOBAHMUSI.

PesynbTaThl McCiIes0BaHUS

Web3 — 3T0 TepMIH, KOTOPBI OTHOCUTCSI K HO-
BOMY IIOKOJIeHUI0 VIHTepHeT-TeXHOJIOIMii, OCHO-
BaHHBIX Ha GJIOKUEiiHe U meleHTpanusaiun. B To
BpeMst Kak Web 1.0 6bIT CTATMYECKUM M OPUEHTH-
pPOBaHHBIM Ha uTeHMe, a Web 2.0 ctaym guHaMmmuyae-
CKUM ¥ OpMEHTMPOBAHHBIM Ha B3aMMOJENCTBUE,
Web3 cTpeMuTcs CO31aTh OelleHTPaIM30BaHHYIO
U OTKPBITYIO Cpeny IJjisl TI0Jb30BaTeNel, Toe OHU
KOHTPOJUPYIOT CBOM JaHHbIE U YUACTBYIOT B IIpU-
HSTUU peLlIeHUIA.
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MOKHO BBIIENUTh CleAywolie TeHAeHUUU U
BO3MOXHOCTHU B Web3:

1. bBnokueitH M cMapT-KOHTpakTbl. OCHOB-
Hoit 3meMeHT Web3 — 310 6j10KueiiH, pacmpene-
neHHas 6asa JaHHbBIX, KOTOpAs 3aIllMChIBaeT TPaH-
3aKIMM U XPaHUT KOHTPAKThl. CMapT-KOHTPAKThI
MO3BOJISIIOT aBTOMAaTU3UPOBAaTh U KOHTPOJIUPO-
BaTh BBITIOJIHEHME CIEJIOK U COTJIanieHuii 6e3 mo-
CpeJHMKOB.

2. [euieHTpanM30BaHHbIE TIPUIOKEHUSI
(dApps). dApps paboTaloT Ha OCHOBe OJI0KUeiiHa U
CMapT-KOHTPakTOB. OHU OTKPBITHI, TPO3PAUYHBI U
KOHTPOJIMPYIOTCS COOGIIECTBOM, a He IeHTpasI-
30BaHHOI opraHmu3aiyeil. 3TO OTKPbIBAET HOBbIE
BO3MOSKHOCTH JIJIsT pa3paboTUMKOB U I0Tb30BaTe-
Jieii, TI03BOJISIE MM Y4acTBOBAaTh B YIIPaBAeHUU U
KOHTpOJIe TIPUIOKEHUA.

3. UnrepomnepabenbHocTb. Web3 cTrpeMuTcst
K CO3[aHMI0 TIPOTOKOJIOB U CTaHAAPTOB, KOTOpbIE
obecrieuynMBalOT COBMECTMMOCTh M B3auMMOEei-
CTBME Pa3JIMUHbIX 6JI0OKUeiTHOB U dApps. ITO m03-
BOJISIET T0JIb30BaTesIsIM IIepeBUTaThCs MeXKAY
pasHbIMM TTaTGOpPMaMM U UCIIOAb30BaTh pPasany-
HbI€ CEPBUCHI 6€3 OrpaHMUEHMIA.

4. leuenTtpanu3oBaHHble (uHaHcbl (DeFi).
DeFi — 3TO cucTeMbl U CEPBUCHI, KOTOPbIE MTO3BO-
JISTIOT TI0JTb30BATE/ISIM YYaCTBOBATDb B (DMHAHCOBBIX
ormepanusx 6e3 He0OXOmMMOCTM 00pamaThcs K
TPagUIIMOHHBIM  (PMHAHCOBBIM  TMOCpPEIHMKAM.
DeFi npepjiaraeT BO3MOXHOCTH [JisI KpeouUTOBa-
HIsI, OOMeHa aKTMBaMM, CTEKMHTa, GMHAHCOBBIX
MHCTPYMEHTOB ¥ MHOTOE JIpyToe.

5. CaMoBbIpaskeHMe U KOHTPOJIb JAHHBIX. B
Web3 monb30Barenm MMERT OOJbIINIT KOHTPOJIb
HaJ, CBOMMM JTaHHBIMM U JIMYHOM MHGpOpMaIei.
OHM MOTyT BBIOMpPATh, KOMY IPEIOCTAB/SITh I0-
CTYII K CBOMM JJaHHBIM U KaKye JaHHble OHU XOTST
PaCKpbITh.

6. Bnamenue umdpoBbiMM akTMBaMu. Web3
M03BOJISIET TI0JIb30BaTeNIIM BJIafieTh MM POBBIMU
aKTMBaMM, TaKMMM KaK KPUIITOBAIOTHI, Herepe-
nmaBaeMmble ToKeHbI (NFT) u mpyrue nmdpoBbie pe-
cypcbl. Ilonb3oBaTenu MOTYT KOHTPOJIMPOBATH
CBOM aKTUBBI, IepefaBaTb UX IPYTUM JIIOOSIM,
y4acTBOBaTb B UX TOPTOBJI€ U MCIOJb30BAaHUU B
Pa3IUYHBIX IPUIOKEHUSIX.

7. PacrnpepneneHHOe XpaHeHMe JaHHbIX. Bme-
CTO EHTPAIM30BAaHHBIX cepBepoB, Web3 ncronb-
3yeT AelleHTpal30BaHHble XpPaHWINIIA JTaHHbBIX,
takue kak IPFS (InterPlanetary File System). 3To
MO3BOJIIeT 6ojiee HAOeKHO XPaHUTb [TaHHbIE,
obecrieuMBaeT OCTYIMHOCTb M CHMXKAET PUCKU
LIeHTpaaM30BaHHOI TOYKM OTKa3a.

8. Paspeiienue npo6aeMbl uAeHTUDUKALAA.
Web3 mnpenyiaraeT HOBbIE MOOXOObI K LIM(POBOIA
UIeHTU(PUKALIMN, KOTOPbIE O3BOJISIOT M0JIb30Ba-
TeJSIM KOHTPOJMPOBATh CBOM JIMUHbIE JAaHHbIE U
MOATBEPKIATh CBOIO JTMUHOCTh 6€3 Heo6X0aUMO-
CTU TIOJIaraThCsl HAa ILIEHTPaJM30BaHHbBIE CITYKOBI
UIEeHTU(PUKALIVN.

9. MukpomiaTeXxu ¥  BO3HarpakaeHus.
Web3 BK/II0YaeT BO3MOXHOCTHU IJISI MUKpOILIaTe-
Keil U BO3HArpakgeHuil B LM(PPOBBIX aKTUBAaX.
[Tosib30BaTEMM MOTYT IOJYYaTh HE3HAUNTE/bHbIE
CYMMBI 3@ CBOIO aKTUBHOCTh B C€TU, KOHTPUOYTH -
poBaHMeE K cOOOILIeCTBAM WIM MOTpeb/ieHre KOH-
TEeHTa, YTO MOXET CTMMY/JIMPOBATh Pa3BUTHE HO-
BBIX Mopeseit 6usHeca [1, c. 15].

10. TnobanpHbl mocTym U ydactue. Web3
CTPEMUTCS TIPEIOCTaBUTDb TTI00ATBHBIN JOCTYH K
VIHTepHEeT-TEeXHOJIOTUSM U yJacTye B HUX He3aBU-
CMMO OT MeCTOITOJIOKeHMS Wi (GMHAHCOBOTO I10-
JOKeHUs. [lelleHTpanu3alusi U  OTKPBITOCTb
cpenbl Web3 MO3BOSIIOT Y4aCTBOBATb ¥ BHOCUTD
CBOJi BKJIaZ, K&KIOMY KeJaloliemy.

ITo Mepe pa3BUTHUS TEXHOJOTUI BIOKUYEHA U
IeleHTpaIN3aluyM, MOXKHO OXUAATh emle 00Jb-
IIero pasHoo6pasusi ¥ MHHOBALMit B 3TOM 06a-
CTH.

B 2007 romy I>xeiicoH KamakaHuc, pyKoBOOM-
Tenib Netscape.com, BHepBble CHOPMYIUPOBAIT
TepmuH «Web 3.0». OH mpencTaBui Oyayliee MH-
TepHeTa Kak cpefy, Tle KaueCTBeHHbI/i KOHTEHT
UT'PaeT BaXXHYIO pOJib. BMeCcTo OmHOOGpPa3HBIX U
6ecriose3HbIX OHJIAMH-PECypPCOB, TPOdeCcCrOHAaTbI
CTaHYT CO3/1aBaTh KOHTEHT C TIOMOIIbIO CIIEIIMAb-
HOJA TJ1aTGOPMBI.

Xotsa KamakaHuc He IpegoCTaBuI AeTajeit o
camoii matgopMe, CerogHsl oueBUaHO, uTo Web
3.0 — 3TO He IIPOCTO OHA CUCTEMA, 8 KOMILJIEKCHOE
TIOHSITYE, OXBaThIBAIOIee MHOXECTBO CETMEHTOB.

Web 3.0 - aT0 cnepyromuit sTan B pa3BUTUK
MHTEpHeTa, KoTopklit cienyet 3a Web 1.0 u Web
2.0. Web 1.0 mossBuicst B 90-X rogax u mpemocTa-
BWJI BO3MOXHOCTb CTaTMUYECKOTO OTOOpaskeHUs
KOHTeHTa Ha Beb6-caiiTax. Biamesnblibl CaiiTOB
ObUIM CO3JaTeasIMM KOHTEHTA, a II0Jb30BaTejy
MOIJIYM TOJIbKO MCKaTh U MHOTPe6aTh MHDOpMa-
uyio. Web 2.0, Ha JaHHBI/I MOMEHT aKTyalbHBbIN
9Tarn, COCPeIOTOYEH HA ITOIb30BATENSIX U POCTE
MHGOPMAIIMOHHBIX 00beMOB. [To/b30BaTENN YIKE
MOTYT CaMOCTOSITeJIbHO CO3[aBaTh KOHTEHT,
YIIpaBJISITh UM U B3aMMOZEICTBOBATD C APYTUMMU
I10JIb30BaTeJISIMU. B 3TO BpeMs aKTUBHO pa3BUBa-
I0TCS 6JI0TM, COLIMAJIbHbIE CETU M Jpyrue IuiaT-
dbopmbl, TTpegocTaBisIONIe GObIIE BO3MOKHO-
cTeil Ojisl BU3yaIM3auuuM KoHTeHTa. OjHaKo,
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CEroJiHsl BCe yallle CTAHOBUTCSI SIBHBIM TJIABHbBIN
HemoctaTok Web 2.0 — M3IMIIHSS IEeHTpaaIu3a-
uysi. HecMoTpst Ha GBICTPBIN POCT I0Ib30BATENIb-
CKOT'0 KOHTEHTa, Ha CAaMOM JieJie ero BjIaieTbllaMu
SIBJITIOTCSI KOMIIaHWUM, Takue Kak Facebook, Google
M Ipyrye Kopriopaiuu. B pesymbrare moiab3oBa-
TeU CTATKUBAIOTCS C TTpobeMamMu 1eH3Ypbl, Ie-
penauy MepCOHANbHBIX JAHHBIX TPETHUM JIMIAM,
HaBSI3UMBBIM TapTeTUMHIOM, yTeukamyu MHbopMa-
MU ¥ Oy aMpOBaHVEM KOHTeHTa [2, c. 48].

B cBSI3u ¢ 9TUM BO3HMKAeT HEOGXOAVMOCTH B
IEeIeHTPATV30BaHHONM CUCTEeMeE, KOTOpasi pemuT
3TU npobsemsl, To ectb B Web 3.0. Ha aT0ii cTagun
M0b30BaTeNM JTO/DKHBI CTaTh IMOJHOIIPABHBIMU
BJIaJleJIbIIAMM CBOEr0 KOHTEHTAa, MMETb BO3MOXK-
HOCTh €T0 MOHETU3UPOBATh M 0OMEHMBATHCS MH-
dbopmanueit yepe3 IeleHTPaTN30BaHHbIE Cep-
Buchl. Hamnbosnee mpocrast dopmyna Web 3.0 BbI-
TJSIOUT Kak read + write + own (4uTaii, co3masaii,

BJlagen).
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MeTaBce/ieHHbIe MPECTaBASIOT co60ii Habop
B3aMMOCBSI3aHHBIX 3KCIIEPUMEHTAIbHBIX 3D BUP-
TYaJIbHBIX MUPOB, B KOTOPBIX JIIOOU U3 Pa3HbIX
MeCT MOTYT OOGIIAaThCSI B peaqbHOM BpeMeHH,
chopMupoBaB IOCTOSIHHYIO VIHTepHeT-3KOHO-
MMKY, TPUHAAJIEKAIIYIO TOb30BATEISIM M OXBa-
THIBAIOIIYIO 1IM(GPOBOIL U GU3UUECKIUIT MUPBI.

MeTaBce/leHHbIe MOKHO PacCMaTpMBaTh Kak
CJIeIyIOLMIA 3Tam, KOTOPbI IMOBBIIIAET CTeIleHb
MMMEepPCUBHOCTM U MHTerpaluyu akTOPOB IOCIIe
CO3IAHMSI U PA3BUTUS IKOCUCTEMBI. VcciemoBa-
HMSI TTOKa3bIBAIOT, UTO METABCEIEHHbIE SIBIISTIOTCS
YacThl0 KMOEPHETUYECKO MOZATbHOCTH TUIIEp-
MPOCTPAHCTBA MHTEJUIEKTYaJbHON Kubepcomm-
aTbHOM 9KOCUCTEMbI, U3BECTHOI TaKkKe KaK «Me-
TasKOCKUCTEMa», KOTOpas SIBJISIETCSI OCHOBHBIM
ob6bekToM UuaycTpun 5.0.

KonnenryanbHblit (peiiMBOPK MeTaBCeIeH-
HbIXx Web 3.0 B cTpaTernueckom ynpasjieHUM uud-
POBBIM TOTEHIIVAJIOM IIPeJICTaB/IeH Ha PUCYHKe.
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BmecTo TOro YTO6BI MOJIaraThCsl Ha LEHTPaIu-
30BaHHbIE CcepBepsl U MmocpegHuKoB, Web3 ctpe-
MUTCSI CO3[ATh CETU U MPUIOKEHUS, OCHOBaHHbIe
Ha 6I0KueliHe, CMapT-KOHTPAKTaX M KPUIITOTpa-
(dbun. Bo3zHMKaOIINeE TEHIEHINM U BO3MOKHOCTHU
B paMKkax Web3 BK/IIOUAIOT cJIeAyIOIIe TPo6IeMbl
Y TTYTU UX pelIeHus:

1. LeHTpanmu3aumsi OaHHBIX U KOHTPOJIb.
Be6-miaTdopMbl, Takue KaK COLMalbHbIE CETU U
MHTEpPHET-MarasuHbpl, OObIYHO KOHTPOJUPYIOT
JlaHHbIE M10JIb30BaTeseli ¥ MPUHMUMAIOT PellleHns O
IOCTyIle K HUM. BJIOK4eliH-TeXHOJIOTUM U AelleH-
TpaJiM30BaHHbIe XPAaHWININA AAHHBIX TTO3BOJSIOT
M0Ib30BaTeNISIM MMETh OOJbINNIT KOHTPOJb Hal
CBOMMM JaHHBIMM, & CMapT-KOHTPAKTbhl MOTYT
06ecIeunTh aBTOMATUYECKYIO U MTPO3PAYHYIO 06-
pabOTKY JaHHBIX.

2. Tlpobnembl 6€30MacHOCTM U OOBEPUSL.
LlenTpanmn3oBaHHble TUIATOOPMBI ITOIBEPSKEHBI
PUCKY XaKepCKUX aTak M HempaBOMEpPHOIro MC-
MO/b30BaHMs JAHHBIX. BIOKUEiH M KpuIrorpa-
(bust obecrieunBaIOT MOBBIIIEHHYI0 6€30MMacHOCTb
M HaJIeXXHOCTb MTaHHBIX, & CMapT-KOHTPAKTbl MO-
TYyT rapaHTUPOBATh BBITIOJHEHME 3aJaHHbIX TIpa-
BWJI U YCJIOBUIA [3, c. 94].

3. OTcyTcTBMe MPO3PAuHOCTU U TIpoBepsie-
MOCTH. B LieHTpa/siM30BaHHOM MOJenu M0Ib30Ba-
TeJI OGBIYHO HE MMEIOT ITOJTHOTO MPeICTaBIeHMS
0 TOM, Kak 06pabaThIBAIOTCSI M UCIIOMb3YIOTCS UX
IaHHble. YUNTHIBAsI U3JIOKEHHOE, GIIOKUETH-TeX-
HOJIOTHSI TIO3BOJISIET CO3/IaBaTh IIPO3payuHbie U He-
nojenbHble TPaH3aKIMM U 3aMUCH, KOTOPbIE MO-
I'yT GBITH ITPOBEPEHBI BCEMM YUACTHUKAMU CETHU.

4. OrpaHuYeHHas OOCTYITHOCTb ¥ KOHTPOJb.
B HeKoTOpbIX perMoHax Mupa JoCTyI K UHTepHeTy
MOXeT OBbITb OTpaHMUeH, a ILeHTPaIM30BaHHbIE
maaThOpMbl MMEIOT IpaBO GJIOKMPOBATb WU
OTpaHUYMBATH KOHTEHT. biloKUYeiiH-TeXHOIOTUS U
JelleHTpaJM30BaHHble CeTU MOTYT MpeloCTaBUTh
6osee MMPOKUI gocTyn K VIHTepHeTY U obecrie-
YUTb CBOGOMY BIpaskeHMsT Oe3 1eH3YPBI.

5. OxoHOMMYecKass HEPABEHCTBO U II€HTpPa-
JM3auus Be6-TIpUIokeHnii. B ieHTpan3oBaHHOM
MOJIeJI HeOOJIbIIIOEe KOJIMUYECTBO KPYIHBIX IIaT-
($hopM KOHTPONMUPYIOT GOMBIIYI0 YaCTh SKOHOMM-
YeCKO aKTUBHOCTY U JAHHBIX. DTO MOXKeT IIPUBO-
IUTh K HEepaBEHCTBY M OrpaHMUEHMI0 KOHKYpeH-
UK. BIOKYelH M CMapT-KOHTPAKThI MO3BOJISIOT
CO37aBaTh JelleHTpaln30BaHHbIe MPUIOXKEHUS U
3KOHOMMYECKMEe MOJe/ih, B KOTOPBIX IMMOJIb30Ba-
Teau MMeIoT 6ojiee TIPSIMOIE TOCTYIT K IIEHHOCTH,
C037aBaeMoOil UMM U APYTVMMU YUACTHUKAMMU CETU.

Web 3.0 obeiiaeT co3maTh OH/IAH-OIIBIT, KOTO-
pbIit 6ymeT 60j1ee neleHTPpaan30BaHHbIM U IT03BO-
JIUT JIIOASM B3SITb KOHTPOJIb HAl, CBOMMM IaH-
HbIMM ¥ uHbopManyeit. OHM CMOTYT MOHETU3U-
pOBaTh CBOJ COGCTBEHHbII KOHTEHT U JIeTKO (op-
MMPOBAaTh COOOIIECTBA C APYTYMMM JIOAbMM, Y KO-
TOPBIX €CTb 06IIVie MHTepPeChl U 1eau. ITa HOBas
BepCUSI MHTEPHETa CTPOUTCSI Ha OTKPBITOI TEXHO-
JoTuM 6JI0KUEH, TaKKe M3BECTHOI KaK TeXHOJIO-
ISl pacIipeie/ieHHbIX peecTpoB. biiokueitH — 3T0O
IeleHTpalIN30BaHHasl 00IeAoCTyIIHAasl 6a3a JaH-
HBIX, KOTOpas MO3BOJISIET HaJeXHO 3aIlChIBATh
MHGOPMAIIUIO B CETU KOMITBIOTEPOB, BMECTO TOT'O
YyTOOBI I10/IATaThCsl HA IIEHTPaIM30BaHHbIE Opra-
HMU3aLUU [JIST ee TIPOBePKM U KOHTPOoJs. ITo cyTu,
6JIOKUeiiH IpeacTaBisieT cob6oii HU(POBYIO Cu-
CTEMY yueTa, KOTopast GUKCUPYET «KTO BiIaJleeT
yeM» M COXpaHsIeT BCe M3MEHEHMSI COCTOSIHUS CO
BpeMeHeM. TOYHOCTb M ILIEJIOCTHOCTh JAHHBIX
MO IEePKMBAIOTCS C TOMOINBI0 KOHCEHCYCa WU
cormacusi MeXIY BCEMM YYaCTHMKAMM CETH, UTO
MCK/IIOUAeT 3aBMCYMOCTb OT I[@HTPaJIM30BaHHBIX
CTPYKTYP, TaKMUX KaK (MPMbI UIM OpPraHuU3aINMA,
IL1sT 3armcy MH@opManyu 1 obecriedeHns ee Jieru-
TUMHOCTH [4, c. 158].

Web 3.0 orsinuaetcst or Web 2.0 TeMm, 4TO I10/1b-
30BaTe/M He TOJIbKO CO3Jal0T KOHTEHT, HO TaKKe
OIIEHMBAIOT €ro, BbIAEe/sISI BHMMAaHME MaTepua-
JlaM, KOTOpbIe MHTEepPeCHbI eAMHOMBIIIIeHHUKAM,
TpYIIIIaM ¥ COOGIIeCTBaM, B KOTOPBIX OHM COCTOST.
OTa cucTeMa IO3BOJISIET IeJIaTh OIEHKY aBTOMa-
TUYECKM, 0COOEHHO BasKHO 3TO JIJIsI KOHTEHTA C KO-
POTKMM CPOKOM KM3HM. PeKOMeHIaLNM 1 OLIeHKA
IPYTUX TI0Jb30BaTeNieii MOMOTraloT IOJb30BaTe-
JIIM 006paTUTh BHMMAaHME Ha BaKHYIO, HO OBICTPO
ycTapeBaloIyio MHGOpMaIINIO Cpeiu BCce Bo3pac-
TaloIlero o6bemMa KOHTeHTa.

«CeTeBble TIOPTPETHI» IOJIb30BaTEJIEN, KOTO-
pble CYIIECTBYIOT Ha PEKOMEHIATeSbHBIX CEpPBU-
caX, MOTYT CTaTh IIeHHBIMM O6a3aMy JAHHBIX JIJIsI
pa3IMYHBIX 00IIeCTBEHHBIX HayK. Takue pecypcsl
SIBJISTIOTCST XPaHWIUIIAMM OLIEHOK (PYJIbMOB, KHUT,
MY3bIKM, KOTOpPbIE€ ObLIM BBICTABJI€HBI OIPOMHBIM
KOJIMYECTBOM MOJIb30BaTeIe.

XoTtst Web 3.0 Bce elle HaXOOMUTCSI B 3a4aTOU-
HOM COCTOSIHMM, OH pa3sBMBAeTCsl HAMHOTO 6oJjiee
obicTppiMM Temmamu, yem Web 1.0 u Web 2.0.
KiroueBbie 0COGEHHOCTYM TpPeX 3TaroB BOJIOLUU
pasButus Web 1.0 — Web 2.0 - Web 3.0 nipencras-
JIHBI B Tabu1ie.
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Tabuiia
KiioueBbie 0COGEHHOCTH TPeX 3TaIoB 3Boonuu passutus Web 1.0 - Web 2.0 - Web 3.0
dran Web 1.0 Web 2.0 Web 3.0
Nnes BupTtyanbHble ceTn OuaitH-co061ecTBa BupTyanbHble MUPBI CO-
ob11ecTB
BsaumopeiicTBue UreHne Urenune-IIncpmo Urenne-Ilncbmo-Biane-
1307 (3
sinpo CTaTuyYHbII TEKCT VIHTepaKTUBHBII KOHTEHT | BupTyanbHas o6aauHas
9KOHOMMKA
Opranusauus Komnanumn [TnaTdhopMbl Cetun
UHudpacTpykTypa IMepcoHanbHbIE KOMITb- O6s1auHbIe ¥ MOGUITbHbIE BrokueitH
I0TepbI TeXHOJIOTUN
KoHTponb HdeneHTpan30BaHHbIN LeHTpann30BaHHbIN HeneHTpan30BaHHbIN
MeTaBceneHHbIE OTCYTCTBYIOT 3aKpbITble KOPIIOPAaTHUBHbBIE OTKpbITbIE KPUIITO

OcuHoBHag uaes Web 3.0 3akioyaeTcss B TOM,
YTO II0JIb30BaTe/b, KOTOPBI/A paHee pasMellal
CBOJi KOHTEHT II0 CBOEMY YCMOTPEHMIO U beccu-
CTEMHO, Telepb MOXKET TBOPUTb KOJIIEKTMBHO B
3TO¥ HOBOI BebG-cpene. Ero mapTHepamMu B 3TOM
Ipoiiecce, IOMMMO IPYTUX PaBHOIIPABHbIX ITOJIb-
30BarTesieil, IBJISIOTCS SKCIIePThI B Pas3/IUMUHbBIX 06-
sgacTtsx. Ilonb3oBaTenb MOXET TakKke M3MEHUTh
CBOJ CTaTyC Ha SKCIEPTHBIA U B3auMMOIENCTBO-
BaTh C IUIaTGHOPMOIi IO-HOBOMY. DKCITEPT JOJIKEH
BBICTYIATh B POJIM MOJEpaTopa s MyoInKye-
moro koHTeHTa. CornacHo [Ixkeiicony KanakaHucy,
1aBHOM upaeeit Web 3.0 aBiseTcs MOSBIeHMe Ha
caiitax ¢opMaTa «KOJUIEKTMBHOI'O pasyMa» BMe-
CTO CErOIHSIIIHETO «IPYMIIOBOTO CYMacCIIeCTBUSI».

[Tpu cpaBHeHUU cylIecTBYOMIEl cucTeMbl Web
2.0 u xouueruuu Web 3.0, TJIaBHBIM OTIMUYMEM
HOBOTO YPOBHSI CTAHOBUTCSI YCTAHOBJIEHME HOBBIX
CBSI3eli MeXXay MHOOPMAIlMOHHBIMY 3JIEMEeHTaMU
B CETU. DTU CBSI3M MOTYT ObITb YCTAHOBJIEHBI B Pa3-
JIMYHBIX BApMaAHTaX:

1. B pamkax KoHuenuyuyu CeMaHTUUECKOTO
Beba: yCTaHOBJIEHME JIOTMYECKUX CBSI3€il MEXKIY
MeTaJaHHbBIMM B MUKpodopMaTax (XOTS 3TOT Ba-
pPUMaHT BO3MOXEH, OH IOKa 3KOHOMMWYeCKM Helie-
JiecoobpaseH).

2.  Mexnay repcoOHaJbHBIMU AAHHBIMU TOJIb-
30BaTress (TaK Ha3bIBaeMbIM «CETeBbIM IIOPTpe-
TOM») ¥ KOHTEHTOM, HaliIeHHbIM I10 3a1pocy [5,
c. 51].

BopiBOabBI

HecmoTpst Ha mHTeHCUBHOE pa3BuTie Web 3.0,
MHOTMe IPUJIOKeHMS BCE ellle 10JIaraloTcs Ha UH-
Tepdeiic Web 2.0 u BRIMISIAIAT OUYeHb MOXOXEe Ha
npuiokenuss Web 2.0, eciu He Xyke. BosbImH-
CTBO KJoueBbIX GyHKIMI VIHTepHeTa, TaKuX Kak
9JIeKTPOHHAsI MOYTa, YaT M COlLiMaJbHble CeTU, B
HacCTosilee BpeMsl He MMEIOT CPABHUMBIX aJibTep-
HaTMB B pamkax Web 3.0. OmHako MHOrue

npunosxkeHuss Web 3.0 B HacTosIIlee BpeMsl Haxo-
ISITCSI HA CTaAUU «IOCTAaTOUHO XOPOIIMX». B KOH-
TekcTe 3pdexra Web 3.0:

1. TlepepacnpepeneHue CTOMUMOCTH B TTOJIb3Y
TeX, KTO UCIIONb3yeT, MO epKMUBaeT U yayJuliaeT
CeTb.

2. YMeHbllIeHM€ CTOMMOCTH, KOTOpPasi MOKET
OBITD ITOJTyUEHA Uepe3 MPoCcToe 0bjIerueHne ornpe-
JleJIeHHbIX B3aMMOZEICTBUI, TaK KaK MPOTOKOJIbI
6/0KueifHa BKIIOYAIOT MocpegHMUYeckue (GyHK-
1117078

3. IlpemocraBieHue IIOJb30BaTelsIM IIOBe-
JleHYeCKMX JaHHBIX U 3aIiCelt 0 TOM, YTO OHM CO-
30AI0T U BJAJEl0T, UTO MO3BOJISIET UM IOIy4aThb
BBITOAY OT CBoeit 1IUdPOBOIt COOCTBEHHOCTU B
npunosxkeHusix Web 3.0.
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WEB3: EMERGING TRENDS AND OPPORTUNITIES
IN INTERNET TECHNOLOGIES

Abstract. This scientific article explores the current topic of Web3 - the next generation of the Internet based
on blockchain and decentralized technologies. The authors seek to determine the basic principles and functionality
of these technologies, as well as their advantages and limitations. The study used methods of theoretical analysis,
data analysis, case study and empirical research. The results of the study show that Web 3 represents a new gen-
eration of Internet technologies that seeks to create a decentralized and open environment for users. The main
trends and opportunities within Web3 include blockchain and smart contracts, decentralized applications (dApps),
interoperability, decentralized finance (DeFi), self-expression and data control, digital asset ownership, distributed
data storage, identification problem resolution, micropayments and rewards.

Keywords: Web3, technology, metauniverse, blockchain, smart contracts, Internet.
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MBAHOBA CsetsaHa BanepbeBHa
BeOYILIMi1 crienyanucT rno tectuposannto, OO0 M Tex, Poccus, r. KazaHb

METOJI0JIOTUSI TECTUPOBAHNS
PACYETHOM BU3HEC-JIOTUKN MUKPOCEPBHCOB
YEPE3 TECTOBBII JIBIJKOK:
KOHIIEIITYAJIBHOE OBOCHOBAHUE ITOJIXOIA

AHHOmMauusa. B cmamee paccmampuedaemcst MemodoJi02ust mecmuposaHust pacuémHoti 6usHec-102uKu MuK-
pocepsucos uepe3 mecmosolli deuxncox. Ocoboe sHUMAaHUe YyOesnsiemcs: nposepke KOppeKmHocmu pacuémos, no-
CKOJIbKY OWUGKU MOZYM 803HUKAMb He MOJIbKO U3-3d MeXHUUecKux c6oes, Ho U 8Ciedcmaue HenpasuibHozo npu-
MeHeHus: hopmyn, Koagpguyuenmos, mapugos, npasun oKpyaieHus U UHslx OU3HeC-YCa08ull. B cmambe packpol-
8arMCst 0COOEHHOCMU MOOYIbHO20, UHMEZPAYUOHHO20, KOHMPAKMHO20 U CKBO3HO20 MeCMUpPOBAHUs, A MAKMce
000CHO8bI8AEMCST HEOOX0OUMOCMb NPUMEHEHUS. MeCM08020 08UNKA KAK UHCMPYMeHmMd CUCMeMHOU nposepKu
pacuémoix cyeHapues. TTokaszaHo, ymo mecmosslli 08UNIOK N0360Jisem 3anycKamos mecmossle cueHapuu, nepeda-
8ame 8X00Hble JaHHble, CPABHUBAMY Pakmuueckue U oxudaemsle pe3yismamol, GUKCUPOBAMb PACXOHOEHUS U
UCNOIb308AMb NPOBEPKU NOBIMOPHO NOC/IE U3MEHEHUs Koda unu 6usHec-npasu. CoenaH 81800 0 MoM, 4mo OaH-
Hoili N00X00 NossiuLaem NPo3pPauHoCyb, 80CNPOU3B00UMOCING U YNPABIIEMOCIb MeCMUPO8AHUS pacuémHoli ou3-
HeC-102UKU MUKPOCEPBUCO8.

Knroueevle cosa: MUuxkpocepsucsl, MUKpOCepe8UCHAsl apXumekmypa, paciémmuas Ou3Hec-J102UKd, mecmosolii
Jd8UXCOK, mecmuposatue, agmomamusayust Mecmupos8aHus, pezpecCUoHHoe MmecmuposaHue, mecmosole CyeHa-

puu, UHmezpauyuoHHoe mecmupoedaHue, KOHMpAakmHoe mecmupoeaHue.

AKTYaJIbHOCTD MCC/IEJOBAHMS

AKTyaJIbHOCTh ~ MCC/IeIOBaHMusI  0OYC/IOBIeHA
MIMPOKUM IIPUMEHEHMEM MUKPOCEPBUCHOM apXu-
TEKTYpPbl B COBPEMEHHBIX IMPOTPAMMHBIX CUCTe-
MaX. MUKpPOCEPBUCHI TTO3BOJISIOT pa3pabaThiBaTh
M Pa3BepTHIBATh OT/HEJbHbIE KOMIIOHEHThI He3a-
BUCMMO JIpYT OT Apyra, OJHAKO Takas pacripeie-
JIEHHAs CTPYKTYPa YCJIOKHSIET ITPOBEPKY KOPPEKT-
HOCTM PaBGOTHI CUCTEMBI, OCOOEHHO eCy UTOTO-
BbIil pe3y/sbTaT 3aBUCUT OT B3aMMOIEICTBUS He-
CKOJIBbKMX cepBucoB [10, c. 150].

Oco6y10 3HAaUMMOCTD MpobGyieMa mpuobpeTaeT
MIPpM TECTUPOBAHUU PACUETHOIV OU3HEC-JIOTUKMA.
Ommb6KM B TAKUX MUKPOCEPBUCAX MOTYT OBITH CBSI-
3aHbI HE TOJIHKO C TEXHUYECKUMU COOSIMU, HO U C
HeNnpaBWIbHBIM MpUMeHeHMeM hopmyJ1, Koaphu-
[IMEeHTOB, TapudOB, TPABMUII OKPYTJIEHNS, HAUMC-
JIEHUIA WJIY HBIX 6M3HEC-yCJIOBUIL. DTO 0COOGEHHO
BaKHO [JIST CUCTeM, PabOTaONIMX C IJIaTeskaMu,
CTPAXOBBIMU pacyeTaMy, KOMUCCUSIMU, CKUIKAMMU
" GMHAHCOBBIMY IMOKA3ATESIMMA.

TpaauioHHbIe BUIbI TECTUPOBAHMS, BKITIOYAST
MOJY/JIbHOE, WHTErpallMOHHOE ¥  CKBO3HOE

TECTUPOBAHME, OCTAIOTCSI HEOOXOIUMBIMM, HO HE
BCeraa IMO3BOJISIOT OOCTATOYHO MPO3PAvYHO MPO-
BEPUTDL COLEPKATeIbHYI MPAaBUWIBHOCTb pacCyé-
TOB. B CBSI3M C 3TMM BO3pacTaeT MOTPEGHOCTH B
MUCTIOb30BAHUM TECTOBOTO [BVKKA, KOTOPBIN
MO3BOJISIET 3aITyCKaTh PacuéTHbIe ClleHapuu, Ie-
pelaBaTh BXOJIHble JaHHbIe, CpPAaBHMUBATh (HaKTU-
yeckyue U OXXujaemble pesyyibTaThl, a TakKe QUK-
CUPOBATb BBISIBJIEHHbBIE PACXOKAEHNS.

TakuM 06pa3oM, aKTyaJbHOCTb TEMBI 3aKJIIO-
YyaeTcsl B He0OXOAMMOCTH pa3paboTKY METOI0JI0-
TMYecky 060CHOBAHHOTO IMOAXOMa K TeCTUPOBA-
HUIO PacUETHONM GM3HEC-JIOTMKY MUKPOCEPBUCOB.
Vcrionb30BaHMe TeCTOBOTO IBMXKKA MOSKET ITOBbBI-
CUTb BOCIIPOM3BOAMMOCTb, MIPO3PAuYHOCTh U
YIIPaBJII€MOCTD ITPOBEPKM, a TAKXKe CHU3UTDH PUCK
OHII/IGOK npy mM3MeHEeHUM IIPpOorpaMMHOro Koaa
WU GU3HEeC-TIPaBuUJL.

Ienp uccaemgoBaHus

Llenb0 JaHHOTO UCCAELOBAHMS SIBISIETCS KOH-
LeNnTyaJlbHOe 0O00CHOBaHME METOOJIOTUM TeCTU-
POBaHUS pPaCUETHON OM3HEC-JIOTMKM MUKpOCep-
BUCOB Yepe3 TeCTOBBIA [BWXKOK, a TaKke
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oTpefie/ieHNe €r0 POJIM B TOBBIIIEHNY TOYHOCTH,
MIPO3PAaYHOCTY ¥ BOCIIPOU3BOAMMOCTY ITPOBEPKU
PaCYETHBIX CLIEHApPUEB.

Marepuanabl M METOAbI VICCIeFOBAHUS

MarepuanaMy MUCC/IeOBAHUST MOCTYKUIIU T10-
JIOKEHMSI O MUKPOCEPBUCHONM apXUTEKType, IO -
X0ZaxX K TECTUPOBAHUIO IPOTPAMMHOTO0 obecIieve-
HMSI, 0COOEHHOCTSIX IIPOBEPKM PaCUETHOI GU3HEC-
JIOTMKM, & TaKKe MPaKTUUYeCKMe MPUHIUIIbI TPK-
MeHEeHMSI TeCTOBOTO ABMKKA B TECTOBOI MH(pa-
CTPYKTYpe.

B paboTe uCIosb30BaHBl METOObI AHAIM3A,
0060011eHNsI, CpaBHEHMS ¥ CUCTEMAaTU3aLVN.

Pe3ynbTaThl MICCII€OBAHUS

PacuérHas 6M3HeC-JI0TMKa MUKPOCEepPBUCA CBSI-
3aHa C BBIMTOJTHEHMEM ITPaBWI, IO KOTOPBIM CH-
cTeMa IoJIyJYaeT BXOJHbIe TaHHble, 00pabaThiBaeT
UX ¥ GOpMUPYET KOHKPETHBIN pesyabTarT. i Ta-
KMX CEpPBMCOB BaKHbI HE TOJILKO paboTOCIOCO6-
HOCTb ITPOTPAaMMHOTO KOJIa U JOCTYITHOCTb MHTEP-
(eijica, HO ¥ TOYHOCTH UTOTOBOro 3HaUeHus. I1o-
3TOMY IpU TECTUPOBAHMM HEOOXOAMMO IpOBe-
PSITb BXOJIHBIE ITapaMeTpPhI, IIPUMEHSIeMbIe YCII0-
BUSI, TIOPSITIOK 0OpabOTKM HAHHBIX, OKMIAaeMBbIii
pe3ynbTaT U AOMYCTUMBbIE OTKIOHEHMSI.

O6mas cxemMa IIPOBEPKM PaCUYETHON OuU3Hec-
JIOTMKY MUKPOCEpBMCA MPeICTaB/IeHa Ha PUCYHKE
HIDKeE.

MuKpocepsuc (pac4éTHas noruka)

Y e e

2
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BbisBneHo pacxoxpaeHve
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He COOTBETCTBYeT OXnaaemomy

Pe3ynbTaTbl NPOBEPKM COXPAHAIOTCA B OTYETE: NAPAMETPbI TECTA, BXOAHBIE AAHHbIE, OXKMAAEMbIN U GAKTUHECKMIA PE3YNbTaTbl, CTAaTyC, OTKAOHEHUA.

Puc. Ob1as cxeMa IPOBEPKM pacUETHOI 6M3HeC-JIOTMKM MUKpocepBuca (paspaboTka aBTopa)

B MUKpOCepBUCHOM apXUTEKType KaXKAbli cep-
BUC OOBIYHO OTBEUAET 3a OTAENbHYI OMU3HeC-
GYHKUMIO U B3aMMOJEICTBYET C IPYTUMU CEPBU-
caMu yepes 3apaHee olpeJesieHHble MHTePdeNiChI.
JTO O3HayaeT, YTO IMpOBepKa pacuE€THON JIOTUKU
IIOJKHA YUYMUTHIBATH HE TOJHKO BHYTPEHHIOI pa-
60Ty OTJIeTbHOTO CePBMCA, HO U TaHHbIe, KOTOPbIE
MOCTYIAIOT M3 JPYIUMX KOMIIOHEHTOB CHUCTEMBI.
Ecnu BxonHbie fanHble, GopMaT OTBETa UJIU ITOPSI-
IIOK BbI30Ba CEPBUCOB U3MEHSIOTCSI, 3TO MOKET
MOBJIMSITh HA UTOTOBBIN pacyuér [6, c. 257].

B npakTuke pazpaboTky MporpaMmMHOro obec-
MeyeHUsI IPUMEHSIIOTCSI pa3Hble YPOBHU TeCTUPO-
BaHMA [2, c. 76]. MopynbHOe TeCTMpOBaHUE UC-
MOJIb3yeTCs ISl IPOBEePKU OTHeIbHbIX (PYHKIMIA

MM HeOOJIBIIUX YUAaCTKOB Koga. OHO yIo6HO IJIsT
OBICTPOI TTPOBEPKM MPOCTHIX PACUETHBIX Olepa-
LM, HO He BCErja IMOKa3bIBAET, KaK PacyéT oyaer
BBIMOJIHEH B IIOJIHOM 6M3HeC-CLIeHapUN.
VHTerpaluoOHHOe TeCTHMPOBaHME HaIpaBjIeHO
Ha MPOBepPKY B3aMMO/IeliCTBYS KOMIIOHEeHTOB. [Ij1s1
MMKPOCEPBUCOB 3TO 0COOGEHHO BasKHO, ITOCKOJIBKY
pPacuéT MOXKEeT 3aBUCETb OT AAHHBIX, ITOTYUeHHBIX
yepe3 API, 6a3y maHHBIX, OUepeab COOOMIEeHNI VN
BHeIIHU cepuc. OgHAKO TaKyue TeCThl OOBIUHO
CJIOKHEe B IIOATOTOBKE, MOTOMY UTO TpPEOYIOT
HACTPOVIKM OKPY>KEHUSI ¥ 3aBUCUMOCTEIA.
KoHTpaKTHOe TeCTMpOBaHMe IPUMEHSeTCS IJIsT
MPOBEPKM TOTO, COOTBETCTBYET JIM B3aMMOJeii-
CTBME MeXOy CepBUCaAMMU  COTJIaCOBAHHOMY
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dbopmary 3ampoca u oTBeTa. JTOT MOAXOJ, ToJIe-
3€eH, KOrjia OOMH MUKPOCEPBUC 3aBUCUT OT APY-
roro. Bmecre ¢ TeM KOHTpakTHOe TeCTUPOBaHMe B
TepBYI0 ouyepelib NIpoBepseT COBMECTUMOCTbh UH-
TepdeiicoB, a He TOJHYI0 MPaBWIbHOCTb PACUYET-
HOTO pe3yJbTaTa.

CKBO3HOE TeCTMPOBaHME IpPOBepseT paboTy
CUCTEMBI LIeJIMKOM C TOUKM 3peHMs TOTHOTO Clie-
Hapusi. OHO TIO3BOJISIET BBISIBUTH  OIIMOKMU,

KOTOpbIe TOSIBJISIIOTCS TOJbKO IIPU COBMECTHOI
paboTe HeCKOJIbKUX cepBUCOB. OQHAKO TaKue Te-
CThI OOBIYHO O0JIee TPYIOEMKME, MeIIeHHEee BbI-
TIOJIHSIOTCST M CJIOKHEe IIOAepsKMBAIOTCsI, 0CO-
OGEeHHO eC/IM CUCTeMa BKIII0UaeT 60JIbIIoe KOoIude-
CTBO CepBMUCOB [4, c. 122].

CpaBHeHMe TOIXOJ0B K TEeCTUPOBAHUIO OM3-
HeC-JIOTMKM MMKPOCEPBUCOB IPUBEIEHO B Tab-
muie 1.

Tabauna 1

CpaBHeHMe MOAX00B K TeCTMPOBAHUIO OM3HEC-JIOTMKI MUKPOCEpPBMCOB (pa3paGoTKa aBTopa)

ITopxopm

Yrto nmpoBepsieT

CuiabHasi CTOpOHa OrpaHnuyeHue

Mopay/bHO€e TeCTUPOBa-
HUe

OTaenbHYI0 PYHKLINIO
WY TIPABUJIO

BBICTPO BBIMOTHAETCS,
YIOGHO IJIS1 IOKaIbHOM

He moka3sbiBaeT pa-
60Ty MOJIHOTO ClleHa-

IIPOBEPKY

pus

Cs3b cepBuca ¢ 6a30ii
naHHbIX, API uinn npy-
TYIM CEPBYMCOM

VHTerpauyioHHoe Te-
CTMPOBaHMe

ITomoraeT BbISIBUTD
OLIMOKM B3aMMOMENCTBUSA

TpebyeT HACTPOIIKMU
3aBUCUMOCTEN

CooTBeTCTBMeE 3ampoca
M OTBETAa COIJIaCOBaH-
HOMY KOHTPaKTy

KoHTpakTHOe TecTupo-
BaHue

CHMKaeT pUCK HeCOBMe-
CTUMOCTU CEPBYUCOB

He 3amensieT mpo-
BEpPKYy paCuéTHOTO pe-
3yJabTaTa

CKBO3HOE TeCTUPOBa-
HUe

CKMit Uy 6usHec-cle-
Hapuit

ITonHbINi TOJIb30BaTE/b-

[Toka3bIBaeT paboTy Cu-
CTEMBI B I1€JIOM

MepnjeHHee U CJI0XXKHEe
B COIIPOBOXAEHUU

AHanMM3 CyImEeCTBYOIMX IMOIXOIOB ITOKa3bl-
BAET, YTO KAKAbIN M3 HUX pelllaeT OTAENbHYIO 3a-
nmauy. I pacyéTHON OM3HeC-JIOTMKM HemoCTa-
TOYHO ITPOBEPUTH TOIBKO KOJI, TOJIbKO MHTepdeiic
MU TOJIbKO 061uit ciieHapuit. Heo6xomuma KoM-
OMHaIMSI YPOBHEN TECTUPOBAHMS, IPU KOTOPOI
OTAebHbIE TIpaBuUIa IPOBEPSIIOTCS HA HIUKHEM
YpPOBHe, B3aMOJeiCTBIE CePBICOB — HAa MHTEerpa-
IIMOHHOM M KOHTPAakKTHOM YpOBHe, a KiIlo4yeBbie
6usHec-clleHapuu - Ha CKBO3HOM YypOBHeE
[5, c. 34].

TecTOBBINI ABMKOK MOKET pacCMaTpUBAThCS
Kak CIelMalbHbI/i ITPOTPAaMMHBI/A KOMIIOHEHT,
npeJHa3HaUeHHbI 1)1 OPTaHM3alMM U BITIOJIHE-
HMUSI TIPOBEPOK PaCcuETHOI 613HeC-moruKkn. Ero oc-
HOBHasI 3aJja4a COCTOUT B TOM, UTOOBI 06eCITIeUnThb
MOC/IeIOBaTe/IbHbBINM 3aMyCK TECTOBBIX ClieHApUEB,
nepeavyy BXOJHBIX JAaHHBIX B MUKPOCEPBUC, T0-
JyyeHne (HaKTUYeCKoro pesyabTaTa M ero Coro-
CTaBjeHMe C 3apaHee YCTAHOBJEHHBIM OXMIae-
MbIM 3HauyeHMeM. B oTiamume OT pa3spO3HEHHBIX
TEeCTOB, TECTOBBIN JBUXOK TIO3BOJISIET BHICTPOUTD
MPOBEPKY Kak yIpaBJsieMblii Ipoliecc, B KOTOPOM
KaXX[IbIii ClieHapuit MMeeT MOHSITHYIO CTPYKTYPY U
(UKCUPOBaHHbIN pPe3y/IbTaT.

Iyist pacYETHOI GM3HEC-JIOTUKYU TaKOii MOIXO0S,
MMeeT 0cob6oe 3HAUEHMe, TOCKOIbKY ITPOBEPSIETCS

He TOJIbKO TeXHMUeCcKas CII0COOHOCTh cepBuca 06-
paboTaTh 3aIIpoc, HO U MPaBWJIbBHOCTh CAMOTO pac-
yéra. OmmoKa MOKeT BOSHUKHYTD MIPU MIPUMeEHe-
HUM yciaoBusi, dopmysibl, KosdduimeHra, mpa-
BWJIA OKDYTJIEHUS WIKM TIOPSiAKa 0OpabOTKMU HaH-
HbIX. [T03TOMY TEeCTOBBIN IBMUKOK IOJIKEH pabo-
TaTb HE TOJbKO C BXOAHBIMM MapaMeTpaMu, HO U C
STQJIOHHBIMM 3HAUEHUSMMU, KOTOpble OTpaskaioT
MpaBUIbHbBIN Pe3yabTaT OJisi KOHKPEeTHOTO ClleHa-
pusL.

B cocTaB TecTOBOTO ABMXKKA OOBIYHO BXOISIT
MeXaHM3M 3aITycka ITPOBEPOK, HAGOp TEeCTOBBIX
clleHapueB, MOAY/Ib TOATOTOBKM BXOJHBIX JTaH-
HBIX, CPeJICTBO BbI30Ba ITPOBEPSIEMOTO MUKPOCEP-
BYCA, MOZIYJIb CPABHEHMS PE3YJIbTATOB U CUCTEMA
dbopmupoBanus otuéra. Takast CTpyKTypa I103BO-
JisieT He OTPaHMUYMBATHCS e IMHUYHOM TTPOBEPKOIA,
a peryJsipHO TIOBTOPSATH TeCTMpOBaHMe Mocjie U3-
MeHeHMUs IMPOrpaMMHOTO KOJa, HAaCTpOeK WJIn
6u3sHec-mpaBu. biaromapst 5ToMy TeCTOBBIN ABU-
SKOK CTAHOBUTCSI HE TIPOCTO TEXHUUYECKUM Cpefi-
CTBOM aBTOMAaTM3alMM, & MHCTPYMEHTOM KOH-
TPOJISI YCTOMUUBOCTY PACYETHO JIOTUKMA.

[TpUMHLIUITIBI METOA0JIOTUY TECTUPOBAHMS Uepes
TECTOBBIV IBMKOK ITpeICTaBIEHbI B TabmIe 2.



AKTYyaJbHBIE UCCTeJOBAHUS ¢ 2023. N223 (153)

HHPOpMaIIMOHHBIE TEXHOJIOTHH | 65

Tabauua 2

I[IpMHIMIIBI METOIOJIOTUY TECTUPOBAHMUS Yepe3 TECTOBbIN ABVMKOK (COCTaBJIEHO aBTOPOM)

Ipunuyn

Copep>xanmue

[TpoBepka pesy/bTaTa

O1leHMBaeTCS He TOJIbKO (baKT OTBE€Ta MUKpOCepBMCa, HO M IIpa-
BUWJIBHOCTb MUTOTOBOTO pvaéTa.

dopmanmsanus CLeHapus

711 KasKIoro TecTa 3aalTCs BXOIHbIe JaHHbIe, ITIpOBEpsieMoe
IIpaBUJIO N OKUIaeMblii pe3yiabTar.

IToBTOpSIEMOCTD

OIMH U TOT 3Ke CIIeHapUil MOKET 3aITyCKaThCsSI MHOTOKPATHO MOCITe
M3MeHeHM Koa Uiy 6M3Hec-TIpaBuIl.

CBs13b C TpeOOBaHUEM

TecTOBBIN ClIeHAPUIi TOJKEH OTPaskaTh KOHKPETHOe OM3Hec-yCIo-
BMe€ WIM TIPaBUJIO pacyera.

KOHTpO/Ib BXOTHBIX JaHHBIX

I/ICHOJ'IIJBYIOTCH 3apaHee IIoAroTOBJI€EHHbIE JaHHbI€, BK/IIOUYas 00bIU-
HbIe ¥ I'PaHNYHbIe 3HAYEeHN.

dukcauus pacxoxxIgeHuin

Hp]/[ OIIMOKE TeCTOBbIIA JABVDKOK COXpaH4AeT CBeOeHMs O HeCOBIIage-
HUN d)&KTI/I‘I@CKOI‘O " OKnagaemoro pesyjibTara.

PerpeccuonHas npoBepka

Panee co3aHHble ClleHAPUY TTOBTOPHO IIPUMEHSIIOTCS 1J1S BbIsIBIIE-
HMSI OHIMOOK IOC/Ie OPabOTKY CUCTEMBL.

AKTyaJIbHOCTb ClleHapueB

TecTbl JOKHBI OOHOBJISITHCS IIPU M3MeHeHUM Gopmyit, Koadhdu-
LIMEHTOB, CTPYKTYPbI JaHHBIX MJIX TPeOOBaHMIA.

[TpakTuyeckasi peanusanuysi TeCTUPOBAHUS Ue-
pes TecTOBbIl IBMKOK IIpeJIosaraeT ero BKaoye-
HIie B TECTOBYIO MH(MPACTPYKTYPy MUKPOCEPBUC-
HOM cucTtembl. [IBMKOK MOXET B3auMOZENCTBO-
BaTh C IPOBEPSIEMbBIM CEPBUCOM Uepe3 MPOrpamMm-
HbIIi MHTepdeiic, mepemaBaTh IOATOTOBIEHHbIE
JIlaHHbIEe, TI0JIy4YaTh OTBET ¥ aBTOMAaTUYeCKU CpaB-
HUBATh €ro C OXWUAAeMbIM pe3yabTaToM. [Ipu
HeO0OXOIMMOCTH JIJIsI TIPOBEPKU UCITOIb3YIOTCS Te-
cTOBbIe 6a3bl TAHHBIX, BpeMeHHbIe KOHTeHephI,
MMUTALMS BHEIIHUX CEPBUCOB U 3apaHee IMOJATro-
TOBJIEHHbIE HAOOPBI AAaHHBIX [1, C. 9].

B MukpocepBucHOt cpene ocoboe 3HaueHUe
MMeeT ynpaBjieHNe BHEIIHMMMU 3aBUCUMOCTSIMU
[8, c. 299]. PacuéTHbIi cepBUC MOXeT IOJIy4aTb
IlaHHbIe U3 APYTUX CEPBUCOB, CIIPABOUHUKOB, 6a3
maHHbIX Wiy BHemHuX API. Ecin 3T 3aBucumo-
CTU HeCTabWwIbHbl MM HEIOCTYITHbI, Pe3yabTaT
TeCTMPOBaHUS CTAHOBUTCSI MeHee HafeXXHbIM. [To-
9TOMY Ha MpakTUKe MPUMEHSIIOTCS CPeACTBa U30-
JAIUM U UMMUTAUUU 3aBUCUMOCTEN, TMO3BOJISIIO-
/e TPOBEPUTH TTOBeJeHMe KOHKPETHOTO MUKPO-
CcepBuCa B KOHTPOJIMPYEMBIX YCIOBUSIX.

TecTOBBII JBVKOK MOXKET ObITh BCTPOEH B ITPO-
1lecC HempepbIBHOM MHTErpanuyu U 3amycKaTbCs
aBTOMAaTUYEeCKM TIPU U3MEHEeHUM Koma Wiau 6us-
Hec-TIpaBuJj. B 3TOM cityyae mpoBepKa CTAHOBUTCS
YyacThi0 OOIero Ipoiecca pas3paboTKM: IOCIe
BHeCeHUs M3MeHEeHMII CMCTeMa BBIMOTHSIET Habop
TECTOBBIX ClieHAapMeB, GUKCUPYET pe3yabTaTbl U
TOKAa3bIBAET, KAKME PACUETHI COOTBETCTBYIOT OKU-
JaeMbIM 3HaYEHMSIM, a Ie BbISIBJIE€Hbl PacXoXie-
Hus. Takolii MOpSAOK CHUXKAeT PUCK IepeHoca

omMb0K B pabouyio cpeny U yCKOpsieT O6Hapyke-
HMe TIpobIeM.

Haubonee ompaBmaHo HpUMeHEHMEe TAHHOTO
MOJIX0ZAa B CUCTEMAX, I/le PACYETHAS JIOTUKA YaCTO
MU3MEHSEeTCS MU MMeeT G0JbIIoe KOINUeCTBO Ba-
PMAHTOB. TO MOTYT GbITb CEPBUCHI, CBSI3aHHBIE C
HAYUCAEHUAMY, KOMUCCUSIMU, CKUIKAMU, Tapu-
dbamu, CTpaxOBBIMM pacueTamu, IIaTeXaMu W
VHBIMU OTIepalysIMU, TIe UTOTOBOE 3HAUeHMe 3a-
BUCUT OT HabOpa yCJIOBMIA. B TaKMX CIydasix TeCTO-
BbIil TBIDKOK TIO3BOJISIET CUCTEMHO ITPOBEPSITH
KOPPEKTHOCTDb PACUETOB, COXPAHSITh UCTOPUIO pe-
3yJIbTaTOB U TMOJAEPKUBATb CTAOMJIBHOCTh MMK-
POCEPBUCHOI CUCTEMBI IIPY €€ Pa3BUTUM.

MeTo10/IOTUST TECTUPOBAHUSI Uepe3 TeCTOBbIN
IBVDKOK TTO3BOJISIET CEJIaTh IIPOBEPKY PACUETHOIM
O6usHec-10TUKM 6oyiee CUCTEMHON U yIIpaBJsie-
Moit. Ee 0CHOBHOE MTPeuMYIIecTBO COCTOUT B TOM,
UTO KaXKIbI/i TECTOBBIMA CLIEHAPUIA BBIMIOJIHSETCS
10 3apaHee OIpeJeeHHOl CTPYKType: 3aJaloTcs
BXOJIHbIE JaHHbIE, OKUIaeMblii pe3yJbTaT U KPU-
TepUil OleHKU. DTO CHIKAeT 3aBUCUMOCTb ITPO-
BEepKM OT PYYHOTO aHa/lM3a U TO3BOJISIET GhICTpee
BBISIBJISITh PACXOKIEHMS MeXAY DaKTUUECKUM pe-
3y/IbTATOM U YCTaHOBJIEHHBIM OM3HEC-ITPaBUIOM
3, c. 57].

BakHBIM JOCTOMHCTBOM ITOAXOJA SIBJISIETCS
BO3MOXXHOCTb MHOTOKPATHOTO ITOBTOPEHMS OTHUX
M TeX >Xe TIPOBEPOK IIOCje M3MEHEHMUs Ko[a,
HAaCTpPOeK MJIM PaCUETHBIX [apamMeTpoB. 3a CYUeT
9TOTO TECTOBBIN IBWKOK MOIIEPKUBAET perpec-
CMOHHOE TeCTUPOBaHME ¥ IIOMOraeT CBOEBpe-
MEHHO OOHApYKMBATh OIIMOKM, KOTOPbIE MOIJIU
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MOSIBUTBCST TIpU JopaboTke Murpocepsuca. Oco-
6eHHO I0JIe3HO 3TO B CUCTeMaX, IJle YacTO MeHsI-
10TCs Tapudbl, KO3QPUIMEHTDI, YCIOBUSI HAUMC-
JIeHVSI WIIM VIHBIe TIpaBujia pacuéra [9, c. 249].

Kpome TOro, TeCcTOBBIi ABUKOK ITOBBIIIAET
MIPO3pavyHOCTh B3aMMOIENCTBUS MEXAY paspa-
OOTUMKAMM, TECTUPOBIIMKAMMU M aHAJTUTUKAMMU.
dopMann30BaHHbIN CLieHApUil IMOKa3bIBaeT, Ka-
KOe TpaBWIO IPOBEpPSIETCS, KaKue AaHHbIE WUC-
MOJIb3YIOTCS M KaKO¥ pe3ysibTaT CUMTAETCs Ipa-
BWIbHBIM. JTO VIIPOIIAeT IIOMCK ITPUYNMHBI
OIMOKYM ¥ JejaeT Ipoliecc MPOBEPKU OoJjiee 1O-
HSITHBIM [IJISI BCEX YYACTHUKOB Pa3paboTKU.

HecmoTpst Ha TpeuMyIIecTBa, MpUMEHEHME Te-
CTOBOTO [JBWKKa MMeEET pSf, OTrpaHUUYEHUI.
ITpexxme Bcero, ero 3¢gdeKTUBHOCTh 3aBUCUT OT
KauecTBa OMMUCAHUSI GM3HEC-TPaBWI U TECTOBBIX
cueHapueB. Eciu TpeboBaHMe chopMynanpoBaHO
HETOYHO, BXOJIHbIE JJAHHbIE ITOA0OPAHbI HEITOJHO
WM OXKMIAeMbIli pe3y/bTaT 3aJaH HEeBEPHO, Te-
CTOBBI IBMXKOK HE CMOXXET 06eCreumuTb OOCTO-
BEPHYIO ITPOBEPKY PACYETHOM JIOTUKM.

Emnie omHMM OrpaHMYeHMEM SIBISIETCST HEO6XO0-
JIMMOCTb ITOCTOSTHHOTO COTTPOBOKIEHMS TECTOBBIX
cueHapues. IIpu usmeHeHuu hopmyii, KOs Hum-
€HTOB, YCJIOBUI pacuy€Ta WIM CTPYKTYPhI JaHHBIX
TpebyeTcs OGHOB/ISITh HE TONBKO ITPOrPAMMHbIN
KO, HO " TeCTOBble Habopbl. Eciu 3TOTO HE me-
JIaTh, TECTHI MOTYT IT€PeCTaTh OTPAXKATh aKTya/lb-
Hble 6M3HeC-TIpaBuia U 6YAYyT JaBaTh OMMOOUYHbIE
BBIBOZIbI O KAUECTBE CHCTEMBI.

K puckam Takke OTHOCUTCSI CJIOKHOCTD
HAaCTPOMKM TeCTOBOJ cpenbl. PaCUéTHBI MUKPO-
CepBUC MOKET 3aBUCETD OT 6a3 JaHHBIX, BHEIITHUX
CepBUCOB, CIIPaBOYHMUKOB My API npyrux kommo-
HeHTOB. Ec/iu Takue 3aBUCUMMOCTYU He OYAYT KOp-
PEKTHO BOCITPOM3BEIEHbI MJIM 3aMEeHEHbI B TECTO-
BOIl cpele, pe3yibTaTbl IIPOBEPKM MOTYT OT/IU-
YaThCsl OT TIOBEAEHUSI CCTEMbBI B PeaTbHBIX YCIIO-
BusiX. [l03TOMY  MCHOJb30BaHME  TECTOBOTO
IBVSKKA TpeOGyeT He TOJbKO TeXHMYECKON peay-
3a1MM, HO M YeTKOM opraHu3aluy Ipoliecca Te-
CTUPOBAHMS, BKJIIOUYAs KOHTPOJIb aKTyaJbHOCTMU
IaHHBIX, CIIEHAPUEB U OXUIAEMbBIX Pe3YyIbTATOB
[7, c. 153].

BoiBoabI

TakuM 06pa3oM, TeCTUPOBaHME PACUETHOI
OM3HeC-JIOTMKM MMKPOCEPBUCOB TpebyeT Crely-
aTbHOTO METOZ0JIOTMYECKOTO MOAX0Aa, OPUEHTH -
POBAHHOTO He TOJILKO Ha MPOBEPKY TEXHUUECKOIA
PaboTOCIIOCOOHOCTM CepBYCa, HO M Ha OIEHKY
MPaBWIBHOCTM MUTOTOBOTO PACUETHOTO pe3y/ib-
Tara. TecTOBBII IBVKOK BBICTYIIAET

9(pbeKTUBHBIM MHCTPYMEHTOM TaKOJi IPOBEPKH,
ITOCKOJIbKY 00ecrieurBaeT 3amyck GopMaan30BaH-
HbIX CI[€HAapyeB, COMOCTaBlIeHMe (PaKTUUeCKUX U
OXMIAeMbIX 3HAUEHM, GUKCALINIO PACXOKIEHMIA
¥ TIOBTOPHOE BBITIOJTHEHME TECTOB ITOC/IE M3MeHe-
Huii. ETo mpyMeHeHye 103BOJISIeT HOBBICUTD Kaue-
CTBO PErpecCMOHHOTO TECTUPOBAHMS, YIIPOCTUTD
MOUCK OIIMOOK M CHesaTh Mpollecc IpoBepKku 60-
Jiee TIOHSITHBIM [IJIST pa3pabOTUMKOB, TECTUPOBIIIN-
KOB U aHAJIMTUKOB. BMecTe ¢ TeM 3¢ (eKTMBHOCTb
JAHHOTO TTOAXO0AA 3aBUCUT OT TOYHOCTU GU3HEC-
TpeboBaHMIi, KAYECTBA TECTOBBIX JAHHBIX U PETY-
JIIPHOTO OOHOBJIEHMST TECTOBBIX CII€HapMEB.
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METHODOLOGY FOR TESTING COMPUTATIONAL BUSINESS LOGIC
OF MICROSERVICES THROUGH A TEST ENGINE:
A CONCEPTUAL RATIONALE FOR THE APPROACH

Abstract. The article discusses the methodology of testing computational business logic of microservices
through a test engine. Special attention is paid to checking the correctness of calculations, since errors can occur
not only due to technical failures, but also due to incorrect application of formulas, coefficients, tariffs, rounding
rules and other business conditions. The article reveals the features of modular, integration, contractual and end-
to-end testing, as well as justifies the need to use a test engine as a tool for system verification of computational
scenarios. It is shown that the test engine allows you to run test scenarios, transfer input data, compare actual and
expected results, fix discrepancies, and reuse checks after changing the code or business rules. It is concluded that
this approach increases the transparency, reproducibility, and manageability of testing the computational business
logic of microservices.

Keywords: microservices, microservice architecture, computational business logic, test engine, testing, test au-
tomation, regression testing, test scenarios, integration testing, contract testing.



AKTYyaJbHBIE UCCTeJOBAHUS ¢ 2023. N223 (153)

NHPOpPMAaIIMOHHbIE TEXHOIOTUH | 68

KJIEHOB Biapyicias JleHucoBIY
cTyneHT Kadempsl «3ammra MHGOPMaIUN»,
MUPDA — PocCcuiiCKuii TeXHOJIOTMYECKUIT YHUBepcuTeT, Poccus, r. Mocksa

BACHWJIBEB Huxkoumaii IlerpoBuu
KaHIMUIAT TEXHUYECKMX HAYK, TOLeHT Kadeapsl «3anura nHGopMaum»,
MUPDA — PocCcuiiCKuii TeXHOJIOTMYECKUIT YHUBepcuTeT, Poccus, r. Mocksa

PEAJIN3AIINS TOCTKBAHTOBOI 3JIEKTPOHHOMH IO/IIIVICU SPHINCS®
HA OCHOBE AJITOPUTMA I'OCT 34.11-2012/18

AHnHOmauus. B cmamoe paccmampusaemcst K8aHmMo8o-3aujuéHHas anekmporuas noonucs SPHINCS* u eé
nocmpoenue Ha ocHose poccutickozo cmavdapma xaut-pyHukyuu F'OCT 34.11-2012/18 («Cmpuboz»). B xode uccne-
dosaHus OvLIU paccmompeHsl cmpykmypa anzopummos «Cmpuboz» u SPHINCS', npedcmasnieHo onucaue gHeo-

peHus Xaw-QyHKyuu.

Knroueawie cnosa: xaui, xaui-pyrxkyus, TOCT 34.11, keaHmoswlii, 3nekmpoHHas noonucs, SPHINCS', kpunmo-

2pagusl.

KBaHTOBbIe BBIUMCJIEHUS] CTPEMUTEIBHO Pa3BU-
BAIOTCSI, OJHOBPEMEHHO BCE GoJibllle yrposkast
TpaguIIMOHHOM Kpumnrtorpaduu. B coBpeMeHHOM
MMpe II0Ka He CYIeCTByeT CTaHLapTOB II0CTKBAH-
TOBOII Kpurnrorpaduu 1 HacTosmas pabora mpu-
3BaHa BHECTM BKJIAJ B pasBUTHe 3TON 061acTu.
SPHINCS* umeeT Tpu cTaHIapTHbIe peanu3aluu,
Ha 6asze: SHAKE256, SHA-256 n Haraka [1, c. 12].
Hacrosimast pabora mpenjaraeT peann3anuio Ha
6a3e 'OCT 34.11-2012/18 («Ctpubor») [2].

Stage 1 Stage 2

Insa Havaja HeOOXOIMMO O3HAKOMMUTBCS C
npepyioxkeHHbiMu  anroputmamu. ['OCT 34.11-
2012/18 — 3TO pOCCHUIICKUIT CTaHAAPT KPUIITOTpa-
(bndeckoii Xamr-GyHKIUM, 60/lee M3BECTHBIN Kak
«Ctpubor». OH paboTaeT B ABYX PEKMMAX: BBIXO/T -
HOIt X391 TTO/IHOM IyMHbL (512 6UT) U MOJOBUHBI
IJTUHBI (256 6UT). AITOPUTM MOYKHO pa3geauThb Ha
Tpu ctaguu (puc. 1) [3, c. 3].

Stage 3

- A

1V

N EH

v - 0, Stribog-512
(00000001)%, Stribog-256

|
b=
|

M S Basg(h), Stribog-256

my “ E-m ‘ i
_Jg ih g F g h g i h
H——8— 0 0 |
512 | |M]

L = 0PI
|4U'| | |
512 ; |

- {h. Stribog-512

Puc. 1. Craguu anroputma «Ctpubor»
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SPHINCS* — 97O anropuTM-y4acTHMUK KOHKypCa
CTAHIAPTU3ALMU ITOCTKBAHTOBOJ KpuUNTOrpaduu
oT NIST. SBnsieTCs 3/1eKTPOHHOM MOAIMCHIO HA OC-
HOBe X31I-QYHKLIWN.

OcHoBHBIM KoMIToHeHTOM SPHINCS* aBaseTcs
runepaepeso [1, c. 7]. OTO Tak Ha3bIBaeMoe Jie-
PEeBO AepeBbEB, COEAMHEHHOE MEKIY COO0 OIHO-
pasosoii cxemoii nognucu (OTS) WOTS* [1, c. 7].
JI¥cTOBBIE Y371l BBIOMPAIOTCS CAYYaiiHO, U UTOObI
paspenmMTh KOMIOPOMMCC MeXAy pa3sMepoM [e-
peBa ¥ BepOSTHOCTbIO BbIOOpA OJMHAKOBOIO

%
.

Puc. 2. TIpumMep KOHCTPYKUMMK IUIIEpLepeBa

Bce 3HaueHMST BBIUMCISIOTCS IIPY TIOMOIIA Ce-
meiicTBa Kpunrorpadpmueckux xaui-GyHKIuit
[1, c. 6]. PaccMoTpuM KaskIOTo IIpeliCTaBUTEIS Ce-
MeJCTBa U IeiicTBYUSI, HeO6X0aMMbIe JIJIST MHTerpa-
un «CTpubora» B HUX.

1. Th (F, H)

HacrpauBaemas xsm-¢yHKIOUS (tweakable
hash function) B momosHeHMe K COOOIIEHUIO
{0, 1}' (I - KonMYecTBO 6JIOKOB; N — IJIMHA OJHOTO
6/10Ka) TOTyyaeT Ha BXOJ MYyOJMUHBIN TapaMeTp
P:{0,1}® wu wHactpoiiky (tweak) T:{0,1}%5C.
HacTpoiika siBasieTcsl agpecoM B TUTIEPAEPEBE.

Th: {0, 13" x {0,1}%%¢ x {0,1}'* - {0,1}"

Vimeet yacTHBIE CTy4au, KOTAA IJIMHA BXOJHOE
COOOIIeHNsT paBHA JjMHe OmHOro 6j0ka (F) win
IBYX 6;10K0B (H):

F:{0,1}" x {0,1}2% x {0,1}" - {0,1}"
H:{0,1}" x {0,1}%%° x {0,1}*" - {0,1}"

Th, (F, H) He TipeIionaraeT Kakux-iubo musme-
HEeHUIT 151 X3UI-(PYyHKUIMM, a JUIIb ONpeesseT
IlaHHbIE HA BXOZE;

KOHEYHOTO y3/Ia, B HIWKHEH YacTu rumepaepena
UCIIONb3yeTcs ManokpaTHas noanuck (FTS) FORS
[1, c. 7] KopHeBoit y3en nepeBa SIBISETCS My6Imy-
HBIM KJTIOUOM, €ro HeoOXOAMO 3HaTh MPU Bepu-
ukanyu. OgHaKo, YTOOBI HE XPAHUTH BCE IepeBo,
MOAIIVCH COZEepsKaT B cebe ayTeHTU(PMKALMOHHbIe
ITyTH, TIO3BOJISTIONIVIE BOCCTAHOBUTD ITYTh K KOPHIO.
ANroput™M crioco6eH TM6KO HacTpauBaTh pasMep
TIOAIIMCY U CKOPOCTh €& cosmaHust Giaromapst
CBOMM IapaMmeTpaM. [IpyMep KOHCTPYKLMM TH-
nepaepeBa MpeAcTaBieH Ha PUCYHKe 2.

h=9
d=3
(O hash node
[ ] OTS node

Q FTS node

2. PRF

IceBmocmyyaiiHast (PyHKUIMSI reHepaluyu CeK-
peTHoro kimoya. Ha Bxonm GyHKUMS MPUHMMAET:
seed-3HavueHne cekpeTHoro kiaoua {0,1}" u ero
azpec B runiepaepese {0,1}25¢. PesynbraToM (QyHK-
MY OYET MCEeBAOCTYUaTHbI CEKPETHBIN KITIOY.

PRF:{0,1}" x {0,1}?5¢ - {0,1}"

PRF He mpefIionaraeT KaKUx-aub60 u3MeHeHui
IJIST X3UI-QYHKIMY, a JIMIIb ONpeaesseT TaHHbIe
Ha BXOJ€;

3. PRF ¢

IceBmocnyyaiitHast (QyHKIUS TeHepaluu CIy-
YyaifHOCTY IS CKaTUs coobieHust. Ha Bxon GyHK-
LM IPUHMMAaeT: CeKpeTHbIN Kiou {0, 1}, omniyo-
HaJlbHOE ciydaiiHoe 3Hauenue {0,1}" u coobiie-
uue {0,1}*. PesynbraTom QyHKIMM OymeT “ciaydaii-
HOCTb”, UCTTIO/Ib3yeMast JJIsl CKaTUs MICXOTHOTO CO-
o6LIeHMs.

PRFE,4:{0,1}" x {0,1}" x {0,1}* - {0,1}"

st ucnionbsoBauust «Ctpubora» B PRFE,s Ha

ero ocHoBe peann3oBad HMAC:
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HMACx(m) =
=H ((K b opad)llH((K ® ipad)lltext)),

rae opad = {0x5c}", ipad = {0x36}"

4. Hygg

DYHKIMS CKaTUS TMOAIMCHIBAEMOTO CO06IIIe-
Hua. Ha BXonm (QYHKUMS NPUHMMAET: ‘caydaii-
HOCTb” (PRF ) {0, 1}, my6auunbiit katou {0,1}" u
coob6menue {0,1}*. PesyabTaToM GyHKUMYU GyoeT
noamnuck FORS 1 3HaueHMs agpecoB AepeBa U Jn-
cra. Hpsy TIpedriosniaraeT 3HayeHMe Ha BBIXOJE,
IJIMHA KOTOPOro (GMKCHMPOBAHA U 3aBUCUT OT MC-
xomaHbIX MmapametpoB SPHINCS®. Takum o6pasom
X3MI-QYHKIUS TOKHA MUMETh BO3MOKHOCTD yCTa-
HaBJIMBATh IPOU3BOJIbHYIO IJIMHY X31I-KoAa. Tak
Kak «CTpubor» He o06jamaeT TaKOil BO3MOKHO-
CTbIO, OyIeT UCIOoMb30BaHa (GYHKIMS TeHepaiun
macku (MGF1) [4, c. 28], mo3Bonso1as MoayuYnThb
BBIXOJJHOE 3HaUeHMe MPOU3BOJIbHONM [IJIMHBI C CO-
XpaHeHMeM KpunTorpabuuecKux CBOMCTB X3III-
byHKIIMM

Humsg: {0, 13" x {0, 1}" x {0,1}" x {0,1}* > {0,1}™

IMoy4ueHHOE CEMEIICTBO Ha OCHOBE aJIrOpUTMa
«CTpubOr» MOXKET ObITh MCIIOJIb30BAHO B paMKax
SPHINCS*.

Takum o6pasoM B paboTe 6blTa IOSyUYeHA
MMOCTKBAHTOBAS 3/ieKTpoHHas mnoanucb SPHINCS*
Ha 6ase poccuiickoro cranmapra I'OCT 34.11-
2012/18.
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IMPLEMENTATION OF POST-QUANTUM DIGITAL SIGNATURE SPHINCS"®
BASED ON THE ALGORITHM GOST 34.11-2012/18

Abstract. The article deals with the quantum-protected digital signature SPHINCS" function and its construc-
tion based on the Russian standard hash function GOST 34.11-2012/18. In the course of the study, the structure of
the Stribog and SPHINCS+ algorithms was considered, and a description of the implementation of the hash function

was presented.
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KOYHEB AnexcaHap AnekcaHAPOBUY
cTapumii 63KeH 1, pa3paboTUmK,
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IIPUMEHEHUE ®PEVIMBOPKA SYMFONY U PHP
B PABPABOTKE BEB-TIIPWIOXXEHUI

AnHomauusa. Cmamoss nocesweHa ucciedosanurd 803MoXCHocmeti npumereHus gpetimgopka Symfony u PHP
8 paspabomxe 8e0-npuioxceHutl. YmouHsemcs, 4mo ce200Hsl akmyanbHOCMb NpUMeHeHUs 3blK08 018 yesieli npo-
2pamMmuposanus u 8sl6opa (petimeopkos onpedensiemcs cmpemaeHusMu 6usHeca 8 co30aHuu co6CMBeHHbIX NPOo-
2PAMMHBIX NPOOYKIMO08 U NPUNOXEHUL, adanmuposaHHslx no0 noss3osameJieli u ux onsim. ITpusodumcs onucavue
U crmamucmuka ucnons308aHus ¢petimeopka Symfony. Xapakmepusyomcs 0CHO8Hble NPeUMYUecmed U 803MOXM-
Hocmu npumeHeHus ¢petimeopka ons yeneti pazpabomku 8ed-npunoxceHuti. B kauecmee 0CHOBHbIX NpeuMyujecms
HA3bI8AOMCS: 8bICOKAS 2UOKOCMb U MAculmabupyeMocms, HACMpausaemocms, KauecmeeHHas gaiinosas apxu-
mexkmypa, Wupokoe coo0uecmeo u Haauuue o0yuaruiux Mamepuanos, cmabuibHoCmMs cucmemsl 07151 pa3padbomxu
ge0-npunoxeruti. Ilo umozam ucciedosavus denaemcsi 861800 0 BbICOKOL UenecoobpasHocmu NpUMeHeHUsl
¢ppetimeopka Symfony u PHP 6 paspabomke 8e6-npuioxeHuLl.

Knroueawie cnoea: Symfony u PHP, paspabomxa npuioxceHutl, 6e6-npuioxeHus 01 6usHecd, docmouHcmea

u Hedocmamku ¢peiivmeopka, ¢petimeopk Symfony.

HM(prBmauMH 9KOHOMUKM U Bcex cdep uesno-
BEUeCKOl >KM3HEOESATEIbHOCTU OIpenenser
KOMIUIEKCHbIE TIepCIeKTUBbI pa3paboTKyu IIpo-
rpaMMHOTO obecrieyeHus] M BeO-TIPUIOKEeHUIT B
MpaKkTuKe QYHKIMOHVPOBAHUS CYOBEKTOB ITPE-
NpMHMMATENbCTBA. Ba)KHO NMMOHMMATh, YTO BHEJ-
peHKe COBpeMeHHBIX TEXHOJIOIUt B 613HeC orpe-
IensieT TpeumyliecTBa 1udpoBoii TpaHnchopma-
LM Y BO3MOXXHOCTb aKKYMY/JIUPOBAHUS TIOTEHIIN -
aJ1a TeXHOJIOTUI 11 MOCTUSKEeHMS 1iesieli pa3BUTUS
KOoMMaHuu. BmecTte ¢ TeM TeXHOJIOTUM IOCTATOYHO
YaCcTO CTAHOBSTCSI 0ObEKTOM YIIpaBIeHUs U pas-
paboTKM, BBICTYIAsl B KauecTBe ITPOeKTa, 10 UTO-
ram BOCIIPOM3BOJICTBA KOTOPOTO GM3HEC TOTYUUT
MPOTpaMMy WU APYTOil UHCTPYMEHT, MO3BOJISIIO-
i peaan30BbIBATh Te UM MHbIE (PYHKIIMOHAb-
Hble YCI0BUS. B 3TOM BoIpoce, 0CcOOYI0 aKTyaslb-
HOCTb TPUOOPETAIOT BOIPOCHI MPUMEHEHUS] TeX
MM VIHBIX BapMaHTOB ¥ OCHOB [IJISI pa3paboTKu
MPOTPAaMMHBIX MPOAYKTOB, OMpeesiomnX Iia-
HOMEPHOCTb PaboThl ¥ (QYHKIMOHAT KOHEUYHOTO
TIPUIJIOKEHUSL.

AKTya/JIbHOCTb TeMbl TIpMMeHeHUs dpeitm-
Bopka Symfony u si3piKa rporpammupoBatust PHP
ILJIST pa3paboTKY Be6-ITPUIOKEeHNT oTIpeiesieHa He
TOJIBKO 006071 posieBoit GyHKIIMEl Be6-TTpuIoxKe-
HUI B eSITeTbHOCTU COBPeMEHHbBIX KOMIaHMi, HO
"n HeOOXOMMOCTbIO OLIeHKHU CTemneHu

3¢ derTUBHOCTY BbIOPAHHOI KOHGOUTYpaUuu Ajis
LieJiell MpOrpaMMMUPOBAaHMUS U €€ COOTBETCTBUS 3a-
NpocaM pPsIOBOJ KOMIIaHMM TIPU BOCIPOU3BOZ, -
CTBe MPOEKTUPOBOYHBIX IIejielt U 3a1ad, anpoba-
UMM TeX WIM MHBIX MOPOTrpaMMHbBIX peIlleHUIA.
WupiMu cnoBamu, paccmorperue Symfony u PHP
B KaueCTBe MHCTPyMeHTa [Jisl pa3paboTKu BeoO-
NPWJIOXKEHUI, TpeosaraeT onpee/eHne JOCTO-
MHCTB U HeJIOCTAaTKOB BEIOPAHHBIX OCHOB JIJISI IIPO-
eKTMPOBAaHMS, YTO MOXKET Jieub B OCHOBY BbIGOpa
CTIeIMAINCTA, OCYIIECTBISIONIEr0 pa3paboTKy
BeO-IPUIOSKeHUST IIST HYK]I, KOMITaHMK. BpibpaH-
HbIl GpeiiMBOPK U SI3bIK IJIST TPOrPaMMUPOBAHMS
OIpeJesisIIoT TapaMeTPbl CAaMOJi CUCTEMBI, UTO BbI-
3bIBaeT 0COOBINi MHTEpeC B Gu3Hec-cpefe, KOrga
peub MIEeT O MacHITabUPyeMOCTH, YAYYIIEeHUH,
VHTeTpaluy ¢ IPYyTUMU IPUWIOKEHUSIMU U Tak Ja-
nee.

Llenp uccnenoBaHust — OMKUCATh BO3MOKHOCTHU
npumeHenust Symfony u PHP pjs meneit paspa-
60TKM BeO-TIPWIOKEHMIT B COBPEMEHHBIX YCJIO-
BUSIX.

LindbpoBm3zaumsi SKOHOMUKM OIpeessieT pocT
noTpe6HOCcTelt 6uzHeca B UT crnenumamucrax u
MIPOIYKTax UX AesTeIbHOCTU, KOTOpble MOTYT UC-
MOJIb30BAThCSI B GU3HECe NI COOCTBEHHBIX HYXK]I.
Cornacumcst ¢ MHeHueMm E.C. CynraHoBOW U
I1.M. I[TamkoBa, KOTOpbIe paccMaTpuUBAIOT Beb-
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pecypchbl B KayecTBe OOHOTO M3 3(PGheKTUBHBIX
CII0COO0B OpTaHM3AIMM YIIPABIEHYECKON ITpaK-
TUKM KOMITAHUM; aBTOPBI CUMUTAIOT, UTO CETOHHS
6M3HeC IeMOHCTPUPYET 0COObI MHTEpEC K COBpe-
MEHHBIM DEIIeHUSIM M IPOTPAMMHBIM IPOAYK-
TaM, O YeM CBUIETEIbCTBYET POCT CITPOCA HA KOP-
MOpaTUBHbBIE Be6-CaTHI [4].

B KOHTeKCTe 3asiBJI€eHHOV TeMbI UCCIIeLOBAHMS,
3aMeTUM, UTO OM3HeC JeICTBUTENIbHO HY)KIAeTCs
B BBIOOpE OMNMTUMAJIbHBIX MTPOTPAMMHBIX ITPOIYK-
TOB, KOTOPBIE ITO3BOJISIT ITPU CHVKEHHBIX U3 EPK-
KaxX II0JydyaTh HeoOXomyuMmble (PYHKIIMOHATbHbIE
npeuMyinectsa. E.B. ®emmHa 1 cOaBTOpPbI B 5TOM
KOHTEKCTE PacCMaTPUBAIOT KOMIUIEKC BEO-TEXHO-
JIOTUIT B KauecTBe BBICOKO 3(Q(HEeKTUBHOIO Cpej-
CTBA OPTraHM3aIMOHHOTO Pa3BUTHS, BEOYIIEr0 K
obbenyHeHM0 MHpopMaLu, HUGPOBU3ALUNA OT-
IebHbIX IIPOIIECCOB U B LIEJIOM POCTY KOHKYpPEeH-
TOCITOCOOHOCTY C YYE€TOM COBPEMEHHBIX Deasuit
uudpoBoit TpaHchopMaLMM SKOHOMUKH [5]. Onu-
pasicb Ha MCCIeIOBaHME aBTOPOB, 3aMETUM, UTO
BeO-TIPUJIOKEHUS CETOMIHS CTAHOBSTCSI Bce Gosiee
BOCTPe6OBaHHBIMM, BBUIY UX KPOCCIIATPOPMEH-
HOCTY M HE3aBUCUMOCTH, BBICOKO/ AOCTYITHOCTU
IOast 6M3Heca Hpy YCIOBUM HaJIMUMS OOCTyIA K
CeTU MHTepHeT.

B uccnemoanuu I'. HypsimoBoii u 3. Opasbep-
IMEeBOI BEPHO 3aMeYaeTcs, UTo pa3paboTka Be6-
MIPUJIOKEHMIA JIJIsT TIOTpe6GHOCTel 6M3Heca COIpsi-
’KeHa C TAaKMMM BO3MOKHOCTSIMM, KaK YIIpaBIeHe
KOHTEHTOM U €ro paclpoCTpaHeHue Cpeu ayau-
TOpUM, CO3[IaHME YCJIOBUIL /ISl TIePCOHANM3AIUHA,
OpraHu3anysi COBMECTHO! [eATeTbHOCTU U [0-
CTVDKeHME BBICOKMX IOKa3zaTeseil 6e30macHOCTM.
@OoKyCHpPYSACh Ha BOIPOCAX Pa3spaboOTKM, aBTOPbI
OTMEYAIOT, UTO BaXKHEMIIMM B 3TOM IOJIe CTaHO-
BUTCSI BOCITPOM3BOACTBO HEOOXOAMMOI apXUTEK-
TYPBI MIPOTrPaMMHOTO TIPUJIOKEH S,

obecrneunBalonieii paboToCIIOCOOHOCTh BE6-TIPH-
JoskeHusI U 3 heKTUBHOCTD 0OCTYKMBaHMS [3].

C mosuimu IPOEKTUPOBAHUST BEO-TIPUIIOKE-
Huit cornacumcs ¢ mMHeHueM E.B. KpsokeBoii u
S.10. Pycy, KoTopble pacCMaTpuUBAKOT IIPOILECC
paspaboTKy Be6-TIPUJIOKEeHNS Uepes MpusMy psaaa
9TAIloB: IPOTpaMMMpOBaHue, GopMuUpoBaHue
6a3bpl JaHHBIX, (PYHKIMOHAIbHOE obecIieueHue,
TeCTUPOBAHME U YIIyUllleHue, Pesiu3 U TeXHuUUe-
cKag noagep>kka. Kaxkaplii 13 3TaroB B UCCIEN0-
BaHMUM aBTOPOB PaCKpPbIBAeTCS B 0060COOJIEHHOI
CTpyKkType; BmecTe ¢ TeM, E.B. KpsbkeBa u
S1.10. Pycy BepHO 3aMeyaloT, 4YTO MPU UCITO/Ib30Ba-
HUM GpeitMBOPKOB, 3GPEKTUBHOCTb U IIPOIecC-
HOCTb pa3paboTKM Beb-IIpUIIOKEHUII IOoaBepra-
€TCS 3HAUYMTETbHOM ONTUMM3ALUMU, TOCKOIbKY
MT03BOJIIET HMBEJIMPOBATh MHOTME 3Tarbl paspa-
060TKM, TIPEOIOJIETh CUCTEMHBIE ITPOOJIEMBI SI3bIKA,
ONTUMM3UPOBATh KOA, M (DYHKI[MOHA, YCKOPUTD
pa3paboTky u ap. [2]. Kak utor, pazpaboTka ¢ mpu-
MeHeHMeM (PpeliMBOpKa CTAaHOBUTCS Oojiee mpu-
BJIEKATeJIbHO MIJIsI 6M3Heca, MOCKOJIIbKY B KOHEU-
HOM CYeTe IEeMOHCTpUpyeT 60jiee HU3KUIL ypoO-
BeHb U3AEpsKeK, HeXeau B ciaydyae pas3paboTku
TIPUIOKEHMS «C HYJISI».

VuuThiBass BCe BBINIENU3IOKEHHOE, TeMa BbI-
60pa (peitMBOpKa 11 OTIpeie/IeHHBIX 11e/ieit pas-
paboTKM B KOHTEKCTe COOTBETCTBYIOIIErO SI3bIKa
MpOrpaMMMPOBaHUS  MpPUOOpeTaeT  IeiNCTBU-
TEbHO BBICOKYIO aKTYaJbHOCTb U ITPAKTUUECKYIO
3HAUMMOCTDb, T.K. B KOHEUHOM CYETe BJIMSIET Ha
YpOBeHb PeCypCHBIX U3JepskeK Mpu pa3paboTke.
O6paiasicb K paHee MPOBeIEHHOMY MUCC/Ie0Ba-
Huio s3bika PHP u dpeiimBopka Laravel ripu Be6-
pa3paboTKe, BbIIEIMUM KIIOUEBbIE ITPEVMYIIECTBA
PHP kaxk s13pIKa [JIs1 IpOrpaMMUpOBaHust (PUCY-
HOK 1):
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Availability (mocTymHOCTB) Efficiency (3¢ppexruBHOCTD)
L L

Functionality Cross-platform

(pyHKIIMOHAIBHOCTD) (xpoccmnaropMeHHOCTH)

An advanced data support

Ease of learning (sierkoctsb
system (pa3BuUTas cucremMa

OCBOCHHST) HOJJIEPKKU TaHHBIX )
| L
Can be deployed on any The prevalence of the
server (MOXeT OBITh 1
a3BEpHYTbH Ha JIIOOOM anguase
p (pactpoCTpaHEeHHOCTh)

ceprepe)
L L

Puc. 1. lIpeumymiectsa PHP mis nesneit Be6-paspaboTku [1]

O6pamasich K puc. 1, 3ameTum, 4To MHOTHME U3 14%; BmecTe ¢ TeM, GppeiMBOPK IeMOHCTPUPYET
MPEMMYIIECTB OTIMCAHHOTO sI3bIKa MPOTrPaMMMUPO- IOCTAaTOYHO BBICOKME TOKaszaTenu 3H(eKTUBHO-
BaHUs 3HAUUTEIbHO YCUIMBAIOTCS IIPU UCIIOTbh30- CTU ¥ MOXKET ObITh eICTBUTENbHO IMPUMEHEH B
BaHUM TeX MU MHBIX GpeiiMBOPKOB. ITporioe mc- KOHTEKCTe pa3paboTku BeO-mpwiokeHmit [1].
CJlefoBaHMe aBTOpa HACTOSIIEil paboThl yKa3bl- IOpyrue WccIemoBaHUS OEeMOHCTPUPYIOT —elle
BaeT Ha BbICOKOE 3HaueHMe B Kpyrax BeG-paspa- 6osbiuit poct monynspHocTu Symfony B cpene
60TUMKOB TakKMX GpeiMBOPKOB, Kak Laravel, Code paspaboTunkoB. IlomynsipHOCTb  (peitMBOpKa
Igniter u Symfony. PacnpocTpaHeHHOCTD MOC/Te T - Symfony B 2021 rogy coctassiia cBbiiie 20%, 4To
HEero cpeay pa3paboOTUMKOB COCTABIISIET OKOJIO HaIISIIHO TTPOIEMOHCTPYPOBAHO HA PUCYHKeE 2:

Most popular technology skills in the PHP tech stack worldwide
in 2021 (Camble NoMmyIIpHbIE TEXHOJOTUUECKUE HABBIKU B
texHnueckoM creke PHP Bo Bcem mupe B 2021 roxy)

35,00% 32,79%
30,00%
2 0,
5,00% 20,77%
20,00% 18,03%
15,00% 13,11%
10,38%
10,00%
0,00%
PHP 7 Symfony Laravel Wordpress Doctrine

¥ Most popular technology skills in the PHP tech stack worldwide in 2021 (Camble momynsipHbIe
TEXHOJIOTMYECKUE HAaBBIKM B TexHHUeckoM cteke PHP Bo Bcem mupe B 2021 roxy)

Puc. 2. Boctpeb6oBaHHOCTD (PpeitMBOPKOB U sI3bIKOB B cpene PHP [7]
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O6pamiasick K PUCYHKY 2, 3aMeTUM, UYTO
Symfony npuobpeTaet 0co6yi0 BOCTpe60BaHHOCTD
MTOCKOJIBbKY SIBJISIETCSI COCTABHOI YaCThIO TPOEKTOB
C OTKPBITBIM MCXOOHBIM KogoM. OGIIMpHAsT JOKY-
MeHTanust Symfony u akTMBHOE COOOILECTBO Je-
JIAIOT €r0 OTJMYHBIM PECYpPCOM ISl pa3paboTum-
KOB, CTPEMSIIMXCS CO3[]aBaTh BhICOKOKAUYECTBEH-
Hble Beb6-mpuaokeHus Ha PHP.

Symfony sBristercss PHP dpeiimBopkom, o6:a-
IaoNMM OTKPBITBIM MCXOOHBIM KOIOM, YTO [Je-
JIaeT BO3MOXHBIM Y/IyUIlIEHVE CepBEPHOI Cpebl.
Ha 6a3e Symfony cTaHOBMUTCSI BO3MOXKHOI paspa-
00TKa CJIOKHBIX BEO-MPWIOKEHUI U IPOrpamMm-
HBIX MPOJYKTOB, Gosiee Toro, Symfony ympoiaer
MpOIIEeCChl, CONpPSDKEHHBbIE ¢ BeO-mu3aitHoM. Kak
MOKas3bIBaeT IpakTuka, Symfony 3avacTyio wuc-
MOJIb3YyeTCs cpedy pa3spaboTuMKOB IIpU paboTe co
CJIOKHBIMY TTPWIOKEHUSIMU, TPEGYIOMIVMU CO3Ia-
HMSI MHOTOYPOBHEBO apXUTEKTYPhI ¥ BOCIIPOM3-
BOJICTBA OCHOB I'MOKOr0 MOAX0/a.

3a CueT MCIT0Ib30BaHMsI HECBSI3aHHBIX 66/ I10-
TeK MJaHHbIX Symfony m03BOJSIET TOBBICUTD
HaZIeXXHOCTb BEG-MIPUIOKEHMIT; B (GpeiiMBOpKe
UCTIOb3YeTCS TEXHOJIOTUSI TIaKETUPOBAHUS [IJIsSt
obecrieueHnst 6ecriepeboitHOl pabOThI MPUITOKE-
HUSI. B LeNIX onmTMMM3aluy PecypCcHbIX 3aTpar
MaKeThl IMPEACTaBISIIOT Cco60ii Habophl (aiiyioB
JIAaHHbIX, KOTOpPbIE MOXHO MOBTOPHO MCIIOb30-
BaTh ¥ PEKOHMUIYPUPOBATD B PYTOM MECTE.

Third Party Library

KnioueBsle npeumytectsa Symfony crout pac-
CMaTpUBaTh Yepe3 MpuU3My TpeX HarpaBieHuIi:

Bo-TiepBbIX, CHIDKEHHOE TOTpebeHne pecyp-
COB MMAMSITH, YTO B 0COOeHHOCTH 3((HEKTUBHO CKa-
3bIBAETCSI HA TIPOIleccax pa3paboTKM BBICOKOIPO-
M3BOAUTEIbHBIX BEO-TTPUIOKEHMIA.

Bo-BTOpBIX, JIETKOCTh OOyueHus1 mpu pabore
HOBBIX pa3pabOTUMKOB: MOCTYITHOCTb OTKPBITHIX
MOCo6UiA, IMPOKOE CO0OILEeCTBO, PACIIPOCTPAHEH-
HOCTb.

B-TpeTbux, oONTMManbHas KOHPUTypamus,
MO3BOJIAIONIAST «II0 KUPIUYMKY» BOCCO3/aBaTh
CJIOKHBIE BEO-TIPUIIOKEHMS [6].

Bonee toro, B ¢peitmBopk Symfony rpu Beb6-
Iu3aiiHe BKIOYAIOTCS (QYHKIUM 1O 06yUeHMIo,
YTO JejaeT BO3MOXHBIM OpMEHTalMi B (yHK-
IMSIX TIPOTPaMMbI CpeAy HAUMHAIOIMUX pa3paboT-
ynkoB. Symfony opueHTUpPOBaH Ha rMO6KOe KOOu-
poBaHMe, TIO3BOJISIIOLEE COKPAaTUTh BpeMmsi3a-
TpaThbl Ha HaMCcaHMe KoJa AJis Be6-puIosKeHMSI.

BbIcokast TMOKOCTD SI3bIKA MTPOSIBIISIETCS B TOM,
yto Symfony BKIIOYaeT B cebsI ABA TEXHOJIOTMYE-
CKMX TIpeUMYIIecTBa: 6aHmJ, KOTOPBIA SIBISETCS
KOMIUIEKTOM KOJia JJIsl TUIIOBBIX 3324 U MpuUMe-
HeHMe KOMIIOHEHTOB, KOTOpble COKPAIal0T KOJM-
YeCTBO PYTUMHHBIX ONEpanyii B MOLY/IbHON CTPYK-
Type. OObenuHEHNE ITAKETOB M KOMIIOHEHTOB
HamISIAHO TIPOJEMOHCTPUPOBAHO [anee (pUCY-
HOK 3).

Third Party Components
& Bundles B
Doctrine ORM - Application
Applica
Components Bundles
Application 2
Class Loader Doctrine Bundle
Dependency Injectior —_—

Custom Component =

HTTP Kernal L < Custor

HTTPFoundation i
—_

Application N

Bundles

Framework Bundle

Puc. 3. CtpykTypa pa3paboTku Ha 6a3e Symfony mpu MHTerpauum nakeTos,
KOMITOHEHTOB ¥ 616/1M0TeK [7]
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VTOUYHMM, UTO ITOA06HAsI CTPYKTYpa IO3BOJISIET
YCTPaHUTh IPO6GIEMY OTCYTCTBMSI TMOKOCTY B ap-
XUTEKType BeO-TIPUIOKEeHMs; He3aBUCUMOCTh
KOMIIOHEHTOB OIIpejie/isieT BO3MOXKHOCTDb 3Pdek-
TUBHOTO MacCIITaOMPOBAaHMS CUCTEMBI U €T0 U3Me-
HEHMS TI0]T, HOBbIE CIIeHapUM UCII0b30BaHms. Kak
UTOT, TIpUJIOKeHMs Ha 6a3e Symfony meMoHCTpU-
PYIOT BBICOKYIO aJallTMBHOCTD.

Hactpoitka Be6-npwiokenuit Ha Symfony
TaKKe COMPOBOXKIAETCS COGCTBEHHBIMM JOCTOMH-
CTBaMM, YTO BO3MOXXHO BO MHOTOM Osarogapsi
BOCITPOM3BOJICTBY IOJIb30BATENbCKUX (QYHKIMIA U
CO3IaHNeM apXUTEKTYPhI IO KOHEYHOTO IT0JTh30-

BaTeJid. HpOQKTbI CTAHOBSITCSA JIETKO
Single Instance
Scalable Instance
(4 by default) =
Single Instance

Single Instance

O6paiasicb K pUCYHKY 4, 3aMeTMM, YTO Mac-
MITabMPyeMOCTh apXUTeKTypbl Symfony BO MHO-
TOM SIBJISIETCS CJIeICTBMEM MUCITOTb30BaHMss MVC B
KauecTBe sapa pa3paboTky — popMupoBaHme 0co-
60i1 (aityIoBOI CTPYKTYPHI ITO3BOJISIET JIETKO Pas3-
IeJINTb OM3HEC-MO/IeJTb U ITpeICTaBIeHME IT0JIb30-
BaTesisa O MPUJIOKEHUM, 0OecreunBasi COBepIIeH-
CTBOBaHME CTPYKTYPHI BEO-TPUIOKEHMS.

VunuThiBasg KoMMepueckoe (GUHAHCUPOBaHME
Symfony co cTopoHbI pa3paboTUMKOB, GPeitMBOPK
npejiaraeT MoAdepskKy IOJb30BaTeNeil Ha Ipo-
TSDKEHUY TPeX JIeT ¥ BO3MOKHOCTb pearupoBaHus
Ha OIIMOKM U TTPo6JIeMbI B 06/1aCTH 6€30IaCHOCTH
Ha MPOTSsKeHUM 6ojiee IIUTeIbHOr0 CpoKa I0JIb-
30BaHMs Be6-mpumokenneM. Kak urtor, Bce 3TO
ompenesisieT OOMMpPHbIE CUCTEMBI ITE€PCIEKTUB
npumeHenusi  ¢peitmMBopka  Symfony  gjs

MacIITabupyeMbIMM, ITOCKOJBKY C OIHOI CTO-
POHBI, pa3paboOTUMK ITOTyIaeT BO3MOXKHOCTb CO-
30aTh MOJHOMACIITAOHOEe MHOTO(YHKIIMOHAIb-
HOe MMPUIOKeH)e C MHOKeCTBOM (GYHKIINIA; ¢ Ipy-
TOJi CTOPOHBI, CO3/IaTh CTPYKTYpPY Be6-IIpuUIoKe-
HUSI C BBIGOPOUHBIMY (QYHKIIMSIMM, KOTOPbIE BCE-
IJla MOTYT OBITh PAaCIIVMPEHbI Y YIIYUIIEHbI B CTy4ae
Heo6XoaMMOCTH. MaciiTabupyeMoCTh IIPOEKTa
IOCTUTAeTCs 3a CUeT pean3ali ogo6HOoIM «Kup-
MIMYHOI» TEXHOJIOTUM U TaKeTUpoBaHUs. ApKuUM
MIPMMEPOM MaCIITAOMPOBAHMS SIBIISIETCSI MHTETPa-
IMS IPWIOXKEHMSI C TYTJI 0671aKOM, TTpeCTaB/IeH-
Has Ha pUCyHKe 4.

Scalable Instance

(10 by default)

g Ingress
Service
(Managed
by Google
Cloud)

Google
Cloud SGL

Puc. 4. [lpumep MacmTabMpoBaHNS apXUTEKTYPHI B GppeitMBopke Symfony [7]

paspaboTKyU BeO-IIPUIOKEHMIA, CIIOCOOCTBYS I10-
nyasipusanyu dbpeiiMBopKa B OM3HeC-cpejie 1 pac-
MIPOCTPAHEHMIO [IPOrPaMMHBIX MTPOIYKTOB Ha €ro
OCHOBE Cpeiyi KOMITaHMiA.

TakuM 06pa3oM, pesy/abTaThl MPOBEIEHHOIO
MCC/IeIOBAHMS TIO3BOJISIIOT CAEIaTh PSIZ BHIBOJOB:

1. B cOBpeMeHHBIX YCIOBUSIX BOIMPOCHI BbI-
6opa si3pIKa IJISI IPOrpaMMMpPOBaHus U (ppeitm-
BOpKa CTAaHOBSITCS CJIEICTBYMEM aKTUBHOTO Teue-
HUS MPoIeccoB nMdpoBoi TpaHcHopMaIUm KO-
HOMUKM, IPEbSIBIISION[E} KOHLIENTYaIbHO HOBbIE
Tpe6GoBaHMs 151 KOMITaHUIT U GOPMUPYIOIIei HO-
Bble YCJIOBMSI OPraHM3alMOHHOr0 QYHKIMOHMPO-
BaHMs 6usHeca. Kak UTOT, BHICOKYIO aKTYaJIbHOCTh
MpUOGPETAIOT UCCAENOBaHNS, PACKPbIBAKOIIeE
MpeuMYyIIecTBa ¥ OCOGEHHOCTM KOHKPETHOTO
SI3bIKA TIJIST TIPOTPAaMMMPOBAHUS U BO3MOXKHOCTHU
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UCTIOb30BaHMSI TOTO SI3bIKA B YCJIOBUSIX pa3pa-
OG0TKM BeO-TIPUITOKEHUIA.

2. IIpumenenue ¢peitmMBopka Symfony wu
PHP B paspaboTke BeO-MPUIOKEHMIT CTAHOBUTCS
IefiCTBUTENBHO I1eecoo0pasHbiM U 3P deKTUB-
HBIM, ITOCKOJbKY Symfony akkymyaupyer B cebe
MIPEMMYIIEeCTBa TMOKOCTH, MOOOEPIKaHuUsI CO CTO-
POHBI COOOIECTBA, MTO3BOJISISI CO3aBaTh MACIITA-
OupyeMble CIOKHbIe Be6-TIPUIOKEHUSI, COOTBET-
CTBYIOI[ME 3aIIpOCaM COBPEMEHHOTO Ou3Heca.
VuurbiBas GyHKIMOHAIbHBIE JOCTOMHCTBA U TIPe-
umyliectBa @peiimBopka Symfony, mocimemHmii
npuobpeTraeT Bce GOIbIIYIO IOMYISIPHOCTb B KPY-
rax paspaboTUMKOB.

3. OcHOBOIIOJAralIMM IpeuMyIlecTBaMu
dpeiimBopka Symfony mysi 1eneit pa3paboTKu
BeO-TIPUJIOKEHMI SIBJISTFOTCS : BbICOKAsI TMOKOCTD U
MaclITabupyeMocTb, HaCTPaMBaeMOCTb, Kaye-
cTBeHHas (aityioBas apXMUTEKTYpa, IIMPOKOe CO06-
IIECTBO U Ha/JiMuMe 00yJaoyx MaTepuasios, CTa-
OMIbHOCTb CUCTEMBI IJIsT pa3paboTKM BeO-IIpuiio-
SKEHMII, ¥ MHOTMe IOpyrue. YUMUThIBAs HaIM4ue
KOMMepueckoro ¢uHaHcupoBanusg Symfony co
CTOPOHBI Pa3paboTUMKOB, GPENMBOPK IpejJia-
raeT MOAMEPsKKY IT0/Ib30BaTelell Ha MPOTSKeHUM
TpeX JieT ¥ BO3MOXKHOCTh pearMpoBaHMsl Ha
omnbKY 1 pobeMsbl B 061acTy 6€30I1acHOCTY Ha

npuMeHeHne ¢GpeiiMBOpKa MeHee PUCKOBbIM B
6u3Hec-cpee.
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THE USE OF THE SYMFONY FRAMEWORK AND PHP
IN THE DEVELOPMENT OF WEB APPLICATIONS

Abstract. The article is devoted to the study of the possibilities of using the Symfony framework and PHP in the
development of web applications. It is clarified that today the relevance of the use of languages for programming
purposes and the choice of frameworks is determined by the aspirations of businesses in creating their own software
products and applications adapted to users and their experience. The description and statistics of the use of the
Symfony framework are provided. The main advantages and possibilities of using the framework for the develop-
ment of web applications are characterized. The main advantages are: high flexibility and scalability, customiza-
bility, high-quality file architecture, a wide community and the availability of training materials, the stability of the
system for developing web applications. Based on the results of the study, it is concluded that it is highly expedient
to use the Symfony framework and PHP in the development of web applications.

Keywords: Symfony and PHP, application development, web applications for business, advantages and disad-
vantages of the framework, Symfony framework.


https://builtin.com/software-engineering-perspectives/symfony
https://builtin.com/software-engineering-perspectives/symfony
https://www.netsolutions.com/insights/symfony-framework-features/
https://www.netsolutions.com/insights/symfony-framework-features/

AKTYyaJbHBIE UCCTeJOBAHUS ¢ 2023. N223 (153)

HHPOpMaIIMOHHBIE TEXHOJIOTHH | 77

CAPBACOB Pycian AHyapoBu4
KypcaHT, HoBocMOMpCKIit BOEHHBI MHCTUTYT opaeHa )KyKoBa MMeHM reHepaia apMun
W.K. SIkoBneBa BOVicK HallMOHAIbHO rBapauu P®, Poccus, r. HoBocubmpck

IMPOBJIEMbI OPTAHU3AIINN XPAHEHVS THOOPMALINN

AnHomauus. Cmames nocesueHa npobaemam op2aHu3ayuu XpaHeHus uHpopmayuu, paccmompeHst 0CHO8-
Hble NPoOIeEMbl, NYMU UX peuleHUs, d MAakxe pasaudHsle 8Udbl XpaHeHus uHpopmayuu. Pocm cospemeHHbIX mex-
HOJI02Uli CNOCOOCMBYem HAXOXOeHUI0 peuleHUs JaHHbIX NPodeM. B cmamoe packpuimsl 603MONCHblE NYMU pele-

HUS 8blHECEHHbIX 80NPOCOL.

Knoueesle cnoea: ungpopmayus, xpaqerue, spems, npodiema, UHmepHem, KOHyenyus, passumue.

A'I;TI/IBHOE pasBuUTHE MHGOPMAIIMOHHBIX TEXHO-
OTruii pUBEJIO K X BHEIPEHUI0 BO MHOTUE
cdepbl 06IIECTBEHHOI XKM3HM, B TOM YKCIEe U B
rocygapcTBeHHoe yipasiaeHue. OCHOBHYIO POJib B
MHGOPMAIIMOHHOM DPa3BUTUM 3aHUMaeT MHTep-
HeT, KOTOPbIii CO3aET HOBbIE JIe/iCTBEHHbIE CPe/i-
CTBa YIIpaBJeHMUSI U B3auMMOJENCTBUSI OpPraHOB
My6IMYHOI BIACTM, KOMMEPUECKMX OPraHm3aLuii
U TpakaaH. ITUM OOGCTOSITEIbCTBOM OOBSICHSIETCS
BO3HMKHOBEHME KOHIIEMNIUY «3JIEKTPOHHOTO ITpa-
BUTEILCTBA». PaccMaTpuBast Bormpoc 06 orpeene-
HUU «37IEKTPOHHOTO MPaBUTEIbCTBA» CJIeyeT OT-
METUTH, UTO B HACTOSIIIMI MOMEHT OJHO3HAUHOTO
HOPMAaTMBHOTO 3aKperuieHus JAHHOTO TOHSITUS
HeT. Hanpumep, B KoHuemnuuu GopmupoBanus B
Poccurickoit @epepanuyu 371eKTPOHHOTO IPaBU-
TenbcTBa A0 2010 roga gaercs ciaefyroliee omnpe-
JleJieHMe «3JIeKTPOHHOEe TPaBUTENbCTBO — HOBas
dbopma opraHmsauum IesiTeIbHOCTY OPTaHOB I'OC-
yIApCTBEHHOJ BIACTH, 06eCrIeunBalonias 3a cuet
[IMPOKOTO IPUMEHEHUS] MHQPOPMAIMOHHO-KOM-
MYHMKAIIMOHHBIX TEXHOJIOTMIi KauyeCTBEHHO HO-
BbIll yPOBEHb OTIEPATUBHOCTHM U YI06CTBA TTOJTyUe-
HUS OpraHM3alusIMM U TpaXmaHaMM Trocyaap-
CTBEHHBIX YCIYT ¥ MHGOPMAIMM O pe3yjabTaTax
IessTeTbHOCTY TOCyIapCTBEHHBIX OPraHOB».
XpaHenue uHopMaiuu B 6yMakHOM BUE —
caMbIil pacrpocTpaHeHHbI C€roco6. OCHOBHBIM
TIPEeMMYIEeCTBOM SIBJISIETCSI HATVISSAHOCTb U TIpU-
BBIYHOCTb, HUKTO HE CTaHeT BO3pakaTb, UTO pabo-
TaTh C KHUTOI WM JUCTOM OGymaru ymo6Ho. OT-
CYTCTBYET BCSKOE [OIOJHUTEIbHOE 000pyIoBa-
HMe Mexxay Bamu u HocuTesiem nHdopmaiimn. Bee
BOCIIpMHMMAIOT Baim 3peHne u mo3r. [as Kop-
PEKTUPOBKM AOCTATOYHO JIMIIb Ha/IMuMe KapaH-
naiia uiau pyuku. bymara rmeeT cBOCTBA BbIliBe-
TaTh, MPOTUPATHCSI OT MHOTOKPATHBIX MPUKOCHO-
BeHMi1, pBaThcs. ViHopmaliys Ha MOBPesKIeHHbIX
O6YMaKHBIX HOCUTEJISIX MOXKET ObITh YaCTUYHO VN

ITOJTHOCTBIO yTepsiHa. JIOBOJBHO CJIOKHBIM SIBJISI-
eTcsl IIpollecc U3BJIeYeHUs HalimeHHOol nHdopma-
MU VI JOKYMEHTa U3 IIKadoB U MOJOK. BoJib-
I10¥ apXMB 3aHMMaeT OUeHb MHOTO MecCTa.

BypHoe pasBuTHe MHGOPMAIMOHHBIX TEXHO-
JIOTUI1 CIIOCOOCTBYET aBTOMAaTMU3al[MU TpaKTuUye-
CKM Bcex cdep uesioBeueckoii JesiTeTbHOCTH. Pa3-
paboTKa HOBBIX 3HaHMII cTana 6osee 3PpheKTUB-
HOJi ¥ 6bicTpoii. Hanbosee onTumaabHOe pelie-
HMe TTpo6JIeMbI MCITOIb30BaHMsI MHQOpMaLyu 6y-
Ma)KHBbIX HOCHUTEJIei, SIBJSIETCSI XpaHEHMUE JOKY-
MEHTOB B JIEKTPOHHOM apxuBe. [IJis 3TOTO cyliie-
CTBYeT pasjiMuyHOe CKaHMUpYollee 060pymoBaHMe:
OT OOBIYHOTO ITUIAHIIETHOTO CKaHepa 0 MTPOMBIIII-
JIEHHOTO CKaHepa, IO03BOJISIIONIEr0, HaIpuUMeD,
ckaHupoBaTh 00 180 crpanHuiy/munHyTty. IIpu co-
BpeMeHHOM pa3BUTUM TTPOU3BOACTBEHHBIX U TEX-
HOJIOTMYECKUX TIpolieccoB B Poccum, Geccmbic-
JIEHHO TOBOPUTD O TTOJTHOCTBIO 6€306yMaskHO TeX-
HOJIOTUM. B 1060M cilydae, IpUIeTCs COMepsKaTh
OYMasKHbBII apX1B, Be[lb [TOKA JIEKTPOHHbIN TOKY-
MEHT He MMeeT ITOJIHO 1opuanueckoi cuibl. On-
HaKo, CO3[aHMe 3JIeKTPOHHOTO apxuBa Cylle-
CTBEHHO 00JieryaeT M ycKopsieT paboTy C JIOKy-
MeHTaMu. [Ipy 3TOM CYIIECTBEHHO YMEHbIIAETCS
BEPOSITHOCTDb MOTEPY WIIM TIOPUM LIEHHO MHGOP-
Malumu.

CaMo xpaHWIuILe WMeeT OIlpeJe/éHHYI0
CTPYKTYPY M 4Yallle BCEro IOCTPOEHO IO OINpene-
JIEHHOM MOJenu OaHHbIX. Mofenb JaHHBIX Ipef -
CTaBJIsIET COOOJT OMMcaHMe BCeX CYITHOCTeN, 06b-
€KTOB 6a3bl JAHHBIX KOPIIOPATUBHOTO XpPaHUINIIA
IAHHBIX Y BKJIIOYAET B Ce6s1: KOHIIEITYaIbHYI0 MO-
IleJIb JaHHBIX, JIOTMYECKYIO MO e/b JAHHBIX U (U-
3MUECKYI0 MOJIeNTb 6a3bl JaHHbIX. Ha ypoBHE KOH-
LeTITyaJIbHO MOZIeM OTpeAessiioTCs CYIHOCTY U
B3aMMOCBSI3M Mexkay Humu. Ha ypoBHe Jjiormue-
CKOJT MOJIeNu CYLITHOCTY JeJIsiTCS Ha 6M3Hec-006/1a-
CTH, UM JAeTCs MoAgpoO6HOe U IOJTHOe ONMCaHMue,
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MIPOITMCHIBAIOTCS B3aMMOCBSI3U. IIpu paspaboTke
dbusmueckoii Momeny 6a3bl JaHHBIX OIIPeIesIsSIeTCs
BCSI CTPYKTypa 6a3bl JAHHBIX - OT TAGIMIIL U MO
B HUX, 10 TTAPTUIMIT Y MHIEKCOB.

B manbHeitem, copMupoBaHHOE XpaHWINIIE
IaHHBIX UCIIOTb3YETCS KaK MICTOYHMK /IS OTYET-
HoCcTU: (popMUpYIOTCS O6GJACTM aHalIM3a U BUT-
PUHBI TaHHBIX.

Ha mepBbIit B3T/ISII MOXET ITOKA3aThCs, UTO
CTPYKTYpa XpaHWIUII JaHHBIX OCTATOYHO ITPO-
cta. Ha caMom [este psifi cepbe3HbIX IMPO6JIEM BO3-
HMKAeT y)Ke Ha 3Tare MPOeKTUPOBKU ¥ pean3a-
un. CaMble Xe TPyJHOpeNIaeMble TTPOSIBISIOTCS
y3Ke Ha 9Tare 9KCIUTyaTalluy U COPOBOXKIEHMSI.

IMpo6eMbl XpaHWJINII, JAHHBIX

ITpUHSTO BBIAEIATb TPU OCHOBHBIE KaTErOpumn
po6IeM XpaHWUJIUII JaHHBIX.

1. TIpo6reMbl KauecTBa JAaHHBIX

2. IIpob6yiembl BbIOOpPA MCTOYHUKOB JaHHBIX

3. IIpob6sembl TPOU3BOAUTENIBHOCTM M Mac-
ITa6MPYyeMOCTH.

MHorue mpo6yieMbl HaKOIUJIEHUS U Tepemaun
60/BIIMX TJAHHBIX y3Ke PeIIarTcs CerOfHS C [TOMO-
IIbIO CEPBUCOB 061aUHOTO XpaHeHus1. Ha kommep-
yecKue cepBepa 1o BceMy MUPY OTIIPaBJISIETCS BCe
60JbIlle JTAaHHBIX, HE3aBMUCUMO OT UX ITPOUCXOXKIE-
Hust. KoMImaHuM-MoCTaBIMKY, B YaCTHOCTU KOM-
maHusi Acronis, mpennaraloT pa3HOOOpa3HbIe
YCAYTM apXMBallMM, BOCCTAHOBJIEHUS U 3alUThI
(daitnoB, a TakKe 1711 COBMECTHOJ paboThbI C HUMMA.

O61auHoe xpaHeHMe obecrieunBaeT 00Nt 10-
CTYIl MHOTUX TOJIb30BaTeseli K daiiaM 1 mo3BO-
JiieT UM He 3aBUCeTh OT PaboOTOCIIOCOOGHOCTU
HakonuTesnei. KnueHt nepenaet ¢aitabl B XpaHU-
JIUIIE Yyepe3 MHTEePHET-COoeIVHEHNe U TPU HeoO-
XOIMMOCTM MOXKET CKauaTb MX Ha CBOV KOMIIbIO-
Tep. 3a TO, Kak ¥ rae GU3UUECKy OHU pasMela-
IOTCSI, OTBeYaeT IMOCTaBIUK YCIYT.

O61auHO€e mporpaMMHoOe obecreueHue mo3B0-
JISeT pPegaKTUpPOBaThb NTOKYMEHTbI U (aiiabl OH-
jariH. Tak JOKYMEHTBI BCerga OCTalTCS CMHXPO-
HU3MPOBAHHBIMM MEXKIY PasHbIMM II0Jb30BaTe-
JISIMIA.

Yro6bl rapaHTMPOBATh HAMEXKHOE XpaHEeHMUS
60sbIIOT0 O6beMa MH(OpPMALIM, UCIIOIb3YETCS
(yHKIIMSI pe3epBHOTO KOIMMUPOBAHUS. DTO 3HAUNT,
YTO JaHHbIE 0COOBIM 06pasoM AYOJMPYIOTCS U B
CJIyyae yTepyu MOTYT ObITh BOCCTAHOBJIEHBI Ha OC-
HOBE 3TOJ pe3epBHOI KOIUN.

HampaBiieHue XpaHWUIMII [OaHHBIX Ha CEro-
IHSIIHUI TeHb aKTUBHO pasBuBaeTcs. CoO3malTCs
MIpOrpaMMHbIe CPeICTBa, TO3UIIMOHMPYeMble pas-
pPaboOTUMKOM, KaK I1aTHOPMBI /I CO3TAaHMUS Xpa-
HWINIL, [JAHHBIX, KaK MHTerpalyoHHbIe IIaT-
dopmbl. Takue mpobieMbl, KaK IPOU3BOIUTETb-
HOCTb XPaHWIUII OCTAIOTCSI aKTyaJbHbIMU U TIep-
BOOUEpeIHbIMM K paspelleHuio.
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PROBLEMS OF INFORMATION STORAGE ORGANIZATION

Abstract. The article is devoted to the problems of organizing information storage, the main problems, ways to
solve them, as well as various types of information storage are considered. The growth of modern technologies
contributes to finding solutions to these problems. The article reveals possible ways of solving the issues raised.
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MOJEJIb 3BAIITBI THOOPMALIMN B XOJE ITPOLHECCA OBPABOTKU
3AKA30B HA OKA3AHUME KAPIIEPVHI'OBBIX YCJIVI

AHHomauuu. B cmamuve npe@cmaeﬂeHa cxema uH(bOpMaquHHle nomokoe 8 omaeJie yuema KJueHmos Kap-
LLleleHZOBOlj KOMNAHUu U Mooenb 3auiumel qu)opMauuu 8 npouecce o6pa6omku 3aka3os. Modenb nocmpoeHa ¢
MOUKU 3peHUsl UHXEeHepa no qu)OpMaquHHOﬂ 6esonacHocmu. B pesyjiemame aHaau3a OblLIU BbIsIBNIEHBI HEDO-
cmamku 8 cucmeme 3auiumet quJopmauuu. B koHye cmamou cdenau 8v1800 00 YPOBHE 3auiumsl nepCOHAIbHbIX

JaHHbIX KUEHMO8 Kapwepquoeoﬂ KomMnaHuu.

Kniouegwie cnosa: UH(IJOPMGMMOHHG}I 6€3OHGCHOCmb, cucmema 3auiumol qumpmauuu, KOH(buaeHuuaﬂbHaﬂ

MH(I)OPM(IUU}I, nepcoHaibHole JdaHHble.

BBogHas yacTb

IIpyMeHeHMEe aBTOMATU3MPOBAHHOM CUCTEMbI
B 3allUIleHHOM MCIIOJTHEHUM TIO3BOJUT CyIlle-
CTBEHHO YIyUIIUTh MHGOPMaIMOHHOE obecIieve-
HMe COTPYAHMKOB KapliepMHTOBOI KOMIIaHUU C
obecrieueHreM KOHMDUIEHIIMATBHOCTH, II€IOCT-
HOCTY ¥ AOCTYITHOCTM XPaHUMBIX ¥ 06pabaThiBae-
MbIX UMM TaHHBIX.

KosnmuecTBO KJIMEHTOB, KOTOpbIE XOTST TOJIb-
30BaThCsl YCJIyTaMy KaplliepyHra rmoCTOSIHHO pac-
TeT, COOTBETCTBEHHO, YBEJIMUMBALTCS KOJIMUECTBO
XpaHMUMOJt 1 06pabaThiBaeMoil KOHGUIEHLIMAb-
Hoi1 nHOopMalumu. B To ke Bpems, B COBpeMeH-
HBIX YCJIOBUSIX BO3MOKHOCTM HapyliuTesnei

MHGOPMAIMOHHOV 6e30MacHOCTM CYIIeCTBEHHO
BO3poc/u (MCIO/Ib30BaHME YCOBEpIIeHCTBOBAH-
HBIX CPEJICTB, METO/IOB ¥ 3HAHMI [IJIsI OCYII[eCTBIIe-
HMS aTak). B cBsI3u ¢ 3TMM, HEOGXOAMMO TIpoaHa-
AU3UPOBATh, KaK B HACTOSIIee BpeMs OCYIIeCTB-
nseTcs 3aimuTa uHGopmalu B oTese yueTa Kin-
€HTOB U BBISIBUTD ITYTU /11 YCTPAHEHUSI BbISIB/IEH -
HBIX HEJIOCTAaTKOB.

OcHOBHas 4acThb

I TMOHMMAaHMUSI CTPYKTYpPbl PaboOThI OTHENa
yuyeTa KJIMEHTOB B KapIIepMHrOBO/ KOMITaHUM
Obl1a MOCTPOEHa cxeMa MH(POPMAILMOHHBIX TTOTO-
KOB B OTZeJie yueTa KIMeHTOB (puc. 1).
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Puc. 1. Cxema nHGOPMalMOHHBIX IOTOKOB B OTIeJIe yueTa KIMEeHTOB B KapIIepUHTOBOI KOMITaHUY

AHanus JaHHOM CXeMbI [I03BOJISIET CAejaThb BbI-
BOJ] O TOM, YTO CUCTEMA COAEPXKUT KOHDUIEHIIM-
anpHyl0 MHQOpMalnuio, KoTopas TMOIJeXUT 3a-
myTe. Takast MHGOpMAIMs BKIOYAET B cebs Kak
repcoHa/ibHbIe [aHHble, TaK U KOMMeEpUYeCKYIo
TalHy.

OIHUM 13 OCHOBHBIX ITPOIIECCOB B paboTe OT-
Iefla yueTa KIMEHTOB SIBJISIETCS Ipollecc o6pa-
00TKM 3aKa30B. Mopeib 3aIlUThl JaHHOTO ITIPO-
1ecca mpejcTaBjiieHa Ha puc. 2. [Ijist TIOCTpoeHUst
MoJeM 6bUIO MCIOMb30BAHO MHCTPYMEHTATbHOE
cpencTBo Bizagi Modeler, peanusyioiiee si3bIK MH-
nycTpuanbHOTO MofenupoBanuss BPMN 2.0.

U3 Moaenu BUIHO, YTO OT KIMEHTa MOCTyIaeT
3aKkas, 1ocJjie Yero JesKypHbIii CrielMaJluCT BbITO -
HsIeT ayTeHTU(UKAINIO B OTlepallMOHHO C1UCTeMe
cBoero pabouero mecra. Takas ayTeHTUPURAIAS
SIBJISIETCST OMHOGaKTOPHOM MapoIbHOM, MMeIoIIei
cyiefiyiolie OCHOBHbIe HeJOCTATKM: HAJlesKHOCTD
3alIUTHl 3aBUCUT TOJBKO OT CJAOXKHOCTM 3aJaH-
HOTO MapoJIsl; apoJib JIETKO B3JIOMaTh Iepebopom
(6pyTOM); HEOGXOAMMOCTDL 3alIOMMHATDL U 3amy-
ChIBATh MAPOJib, €C/IU Ha HECKOJIBKUX Pecypcax uc-
TOJIb3YIOTCSI Pa3Hble MapOJIN.
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Puc. 2. Monenb aHaiaM3a 3alUThl MHGOPMAIUK B IIpoiiecce 06paboTKM 3aKa30B

IMocse BXoJa B OMNEPALVIOHHYIO CUCTEMY 3a-
AT AAHHBIX OCYLIECTBJSIETCS C MCIOJb30Ba-
HMeM OecIlJIaTHOTO aHTUBMPYCHOTO CpeICTBa
«Kaspersky». HemocTaTku HaHHOTO aHTUBUpPYCA:
MepUoAMYEeCcKMe JIOKHbIE CpabaThIBaHUS; HaJIM-
yye BCTPOEHHON peKIaMbl; MOTpe6ieHne 60Jib-
IIOTO KOJIMUECTBA PECYPCOB KOMITBIOTEPA; OTCYT-
CTBME CETEBOTO HKpaHa.

COTpYIOHMK BBITIOJHSET aHa/IM3 3aKa3a, ¥ 3aHO-
CUT JTaHHbIe IO 3aKa3y B O(MNCHOe IPUIOKeHue
Microsoft Excel. HemocTaTku xpaHeHus] KOHGU-
IeHIMaTbHbIX TaHHBIX B (aitnax Excel: Bbicokas
CJIOKHOCTh KOJUIEKTMBHOM paboThl; ci1abast 3a-
MNUTa, OrPAHMUYMBAIOIIASICI TOJMBKO IapoJieM;

Excel He umeeT crienManbHbBIX CpeJCTB BepuduKa-
UMM JAHHBIX; CJIOKHO BBISICHUTb, KOIJA U KeM
ObUTY BHECEHBI M3MEHEHMSI.

YT0o6bl 136€KATh HEYIOOCTB, HYKHO, UYTOOBI Y
opranusauuu 0wl He Excel-daiinpl, a emguHas
6a3a maHHBIX 110 paboTe ¢ KIMeHTaMM U 3aKa3aMu.

Ecnu 3aka3 mpuHAT B paboTy, TO MeHeIKep OT-
Jlesna 1o yyeTy KJIMEeHTOB 3aITyCKaeT CBOI KOMIIb-
I0Tep U BBIMIO/IHSIET ayTeHTUGUKALIMIO B Ollepaly-
OHHOIJI cucTeMe, OHa Takxke SBaseTCs ofHOdaK-
TOpHOJM ImaposbHOM. Cxema mnoprpouecca «Bbl-
NoMHUTL ayTeHTUdUKanuio B OC» mpencTaBiieH
Ha puc. 3.
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Puc. 3. Momenb omHodakTopHOI ayTeHTHGMKaIMK B OC

IMogmporecc mokasbiBaeT, KakKuUM 06pa3om
TI0JIb30BaTe/Ib IIOYJYaeT AOCTYII K paboTe ¢ orepa-
LIMOHHOM CUCTEeMOJ: BbIBOIUTCSI OKHO JIOTMHA U
1apoJis, TOJb30BaTeb BBOAUT JIOTMH U aBTOMa-
TUYECKM 3amycKaeTcs Mpolieaypa uaeHTUdMUKa-
I[MM, TIOTOM BBOJMUTCSI TTAPOJIb U 3aITyCKAETCS IIPO-
1enypa ayreHTudMKaIMK, eIy OHa MpoiiaeHa, To
TT0JIb30BATEJIb ITOTYYaeT ITOJTHOMOYMS U ITPaBo JI0-
CTyTIa K CBoeMy pabouemy mecTy. HemocTaTku of-
HO(AKTOPHO!  MapojbHOM  ayTeHTUhUKALUN
ObUIM TTepeuncieHbl BhIIIIe.

MeHe[5kep OT/Iena 10 yYeTy KIMeHTOB Heo6X0-
IUMYI0 MHOOPMAIINIO, TpeijiaraeT KIMeHTY aBTO-
MOOMIN TTOGAM30CTH, TIpeaJiaraeT JOTIOTHUTENDb-
HYI0 CTPaxoOBKy U gayiee oGopMisieT SOroBop 06
apeHpe.

TakuM 00pa3oM, B pe3yabTaTe IPOMIeTaHHOM
paboThl GBIV BBISIBJIEHBI CleAyIONIe Hemo-
CTaTKMU: OmHO(AKTOpHAs MapojbHas ayTeHTUM-
KaIusi; UCIIOb30BaHMe 6GeCIyIaTHOTO aHTUBUPYC-
Horo cpeacTtBa «Kaspersky»; xpaHeHMe JaHHBIX B
daitinax obMUCHBIX TPUTOKEHWIA.

BoiBOZBI IO paGoTe

TakuMm 06pa3oM, B pe3yibTaTe IPOJeaaHHO
PpaboThI OBLI BBISIBJIEH PSIT HEIOCTATKOB B CUCTEME
3amnThl MHGOPMAIUK B Ipoiiecce 06paboTKM 3a-
Ka30B. JTO CO37aeT yrpo3y yTeuku KoOHbUIeHI-
QJIbHBIX TAHHBIX KIMEHTOB areHTCTBa U CO3JAeT

HeO6XO,E[I/IMOCTI> IIpMMEHEeHNM HOBLIX ITOOXOJ0B K
dBTOMAaTU3all N pa60TbI COTPYOHUKOB.
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INFORMATION SECURITY MODEL IN THE PROCESS
OF PROCESSING ORDERS FOR CAR SHARING SERVICES

Abstract. The article presents a diagram of information flows in the customer accounting department of a car
sharing company and a model for protecting information in the order processing process. The model is built from
the point of view of an information security engineer. As a result of the analysis, shortcomings in the information
security system were identified. At the end of the article, a conclusion was made about the level of protection of

personal data of employees of a car sharing company.

Keywords: information security, information security system, confidential information, personal data.
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XAJIBIKH Anpapeii IBaHOBUY
CTYHEeHT, BoykcKkuit monuTexHuyeckuit MHCTUTYT (bunman Bonr['TY),
Poccus, r. Bomkekuin

Hayumbiii pykosodumens — K.¢p-M.H., doyeHm HzymHos Anexkcandp FOpvesuu

PA3PABOTKA 1 NCCJIEJOBAHUE BEB-CUCTEMbI
OJIs1 MHOTOKPUTEPHUAJIbBHOI'O BbIBOPA ITPOI'PAMM CTPAXOBAHUSA
JKU3HU 4JI51 BAPYBEJKHBIX TYPUCTUYECKHX ITOE30K

AHHOmauus. B cmamee npusedeHst pe3ynsmamst ucciedosauti no memodam paspabomxu 6e6-npuioxeHull
8 cihepe mypucmuueckoli dessmenbHOCMU, 8€0-CePBUCO8, N0380IAOUUX 8bI0pamMb HauboJiee N00X00sUiUe CMPaxo-
8ble KOMNAHUU, KOMOpble 8 HAUIY4Ulell CmeneHU cO0maeemcmeym mpefo8aHusam No Xapakmepucmuxkam cmpa-
X08bIX NOJII0CO8 0N OMNpasasowWuxcs 8 nymeuiecmaus. ITpakmuueckum pe3ynsmamom ucciedo8anuli aensemcs
paspabomarHas ee0-opueHMUpO8aHHAs UH(POPMAYUOHHAS cucmemd, 8e0-cepeuc no evibopy ONMUMANbHBIX
CIpaxoesix KOMNAHULI, COOMEemcmeywux 8 Hauay4uieli cmeneHu 3a0aHHbIM NOJIb308amesneM Xapaxkimepucmu-
Kam cmpaxossix noncos. Pezynsmamot pabomst nokasanu, 4mo paspabomartsie Memoosl, Modeau u npozpamm-
Hoe obecneueHue pabomocnocobHvl, 006,1adarm 0oCmamouHo 8bICOKOL IPhexmusHOCMbIO U MO2Ym OblMb UCNO0J1b-
308aHbI 8 peaibHbIX Yesax onpedeieHust npednoumeHull 01 0MmnpassioWUXcs 8 nymeulecmausl.

Knrouegble cnoea: se0-npunoxcetue, KaueHm-cepeep, UH(POPMAyUoHHAs cucmema.

KO)II/I‘{eCTBO 3apy6EXHBIX TYPUCTUUYECKUX TO-
e30K HaIllX TpakIaH, HeCMOTPSI Ha ITOJIoXKe-
HIMe B CTpaHe, OYeHb BbICOK. B 3TOi1 CBSI3M CTAHO-
BUTCSI aKTyaJIbHOJE ITpo6IeMa pa3paboTKM CpeiCTB
aBTOMAaTU3alMHK 1)1 ONTUMM3ALMK BbIOOPA CTpa-
XOBOI KOMIIaHUY B 3aBUCMMOCTH OT 3aIMPOCOB.

[J1s1 BBIE3KAIOMINX B TYPUCTUUECKIME 3apyOeK-
HbIe MT0e3IKM BO3HMKAeT MHOKECTBO BOIIPOCOB IO
CTPAXOBBIM MOJMCAM (TYPUCTUYECKUM CTPaXOB-
KaM), KOMIIAHUSIM, 3aHMMAIOMIMMCS CTpaxoBa-
HMEM TOe3[0K.

BosHMKaeT HeOOXOAMMOCTh TIPUBJIEUEHNS CO-
BpeMEHHbIX MH(DOPMAIMOHHbIX TEXHOJIOTUI st
aBTOMAaTU3alMu Mpoliecca Bbi6opa, CO3AaHMST aB-
TOMaTU3MPOBAHHOI CUCTEMBI ¢ 6a30¥i JaHHbIX U
yIOOGHBIM MHTepdEiCOM IOIb30BaTeNEl, KOTOpas
aBTOMAaTU3UPYeET MpoIecc BHIOOPA Ha OCHOBE KPU-
TepUeB I0JIb30BATeNs] U YUTET, KaK ITOKeIaHus
K/IIMeHTa, TaK M MNpeajoKeHMsa Ha PbIHKe CTpaxo-
BBIX YCJIYT.

KonuecTBO BO3MOSKHBIX 3aIIPOCOB I10 MTOMCKY
MOAXOMSIINX CTPAXOBOK MOKET ObITh JOBOJIBHO
OOJBIINUM U TOCTUTATh 3HAUEHMT B COTHU KPUTe-
pueB mowucka. [Iyisg o6yerdeHus 3TOro GOJIBIIOTO
BbIOOpa HEO6XOoqMMa aBTOMATM3MPOBAHHAST CU-
cTeMa MHOTOKPUTEPUMATbHOTO BbIGOpa OMIINIA
CTPAXOBOK JJISI 3apyOEKHBIX TYPUCTUUECKUX TTI0E3-
nmok. Takasi cucTeMa JO/KHA BbIOPATh M3 MHOXe-
CTBA OITLIMII CTPAXOBOK Ty, KOTOPAsi COOTBETCTBYET

MOTPeGHOCTSIM BbIe3sKalollero 3a pybexx. B man-
HOJi CTaThe IMOAEeT peub O pa3paboTKe OTHOI U3
TaKUX CUCTEM.

CepBUC MHOTOKPUTEPUATBHOTO TOMCKA JOJ-
SKEH OXBAThIBATh MHOXXECTBO Pa3HBIX KOMIIAHUI 1
MHOXECTBO XapaKTePUCTUK CTPAXOBOK. B pesyib-
TaTe Yero Mbl PUXOIUM K BBIBOIY O HEOGXOIMMO-
CTU CO3[aHMs aBTOMAaTM3MPOBAHHOI WHGOpPMa-
IIMOHHOI CUCTEMBI C 6a30¥i JAHHbIX U YOOOGHBIM
uHTepdeiicoM 10/b30BaTeIeli, KOTOpast aBTOMa-
TU3UPYET TPOIIeCC BbIGOPA Ha OCHOBE KPUTEPUEB
TI0JIb30BaTeJISI U YUTET, KaK IMOKeTaHUs KIMEHTa,
TaK U MpeJIoKeHNs 10 XapaKTepPUCTUKAM CTPaxo-
BbIX TIOJIMICOB KOMITaHMII Ha PBbIHKE CTPaXOBBIX
YCIIyT.

ABTOMaTM3MpOBaHHAs CUCTEMa BbIGOpa CTpa-
XOBOK JIO/DKHA IIPEOCTaBJISITh OJHOBPEMEHHbI
OOCTYIl MHOTMM TIOJb30BAaTEeIsIM, a 3HAUYUT
IO/DKHA 0a3MpoBaTbCI HA BeO-TEXHOJIOTUSX.
Yrto6bl pacro3HaBaTh II0JIb30BaTeleli CUCTeMa
IOJKHA 06/1a4aTh GYHKIMOHAIOM PErUCTPAIUU U
aBTOPM3ALMY TIOJIb30BaTENEN.

Cucrema J0JIKHA MTPOU3BOAUTD ITOMCK HA COOT-
BETCTBME TPeOOBaHMIT KIMEHTa XapaKTepUCTUKAM
CTPax0OBOK KOMITaHMIA C 11€/1bI0 HaOOJIbIIEr0 COB-
TajleHus] XapaKTePUCTUK U COCTaBJIATh PETUHT
COOTBETCTBMSI, MO3BOJISIIONIVIT KIMEHTY BbIOpATh
M3 TAKOTO 3aK/TIOUEHMUS CUCTEMbI OKOHYATETbHbIN
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BapuMaHT Wiy Haubosiee NPUOGIVKEHHbBIX BapuUaH-
TOB K Tpe6OBaHMSIM I10Ib30BaTEIS.

Cucrema [O/DKHA IIPEJOCTaBIATh (QYHKIUU
yIOOHOr0 OGHOBJEHMS MaHHBIX B 6a3e JaHHBIX
IIJIS aIMUHUCTPATOPA CUCTEMBI.

Yro KacaeTcs uHTepderica Moab30BaTes- K-
€HTa, TO B CMCTeMeE IIPYHSITA KOHIIEIIIMs [OIlaro-
BOT'O aJalTMBHOTO OIIPOCA IT0JIb30BATEJIS B COOT-
BeTCTBUM C TUIIAMM, BUIAMU U XaPaAKTEPUCTU-
KaMM CTPaxOBOK, 3aJI0KEHHBIMM B 0a3y JaHHBIX
CUCTEMbBI. DTM [OaHHble HaKaIlIMBalOTCI B Oase
IaHHBIX CMCTEMBI IJIs1 OCIeayIolei 00paboTK 1
ompeneNieHus 3aKIIUEHMUSI CUCTEMBI IO OITH-
MaJIbHbIM BapMaHTaM, PeiiTMHIaM KOMIIaHUA, CO-
OTBETCTBYIOIIMM Tpe6OBaHMSIM IT0JIb30BaTeJIs.

IO peanusalMy TaKOTO BeO-TIPUIOKEHUS
ObUIM pelleHbl CIeAyIoIe 3a0aun:

Bxon B cHCTeMy )
'

Pernctpanms
ABTOpH3aIHA ”

—  paspaboTaH BeG-MHTepdeiic TPYII M0JIb-
30BaTe/ieil — 3aperucTPMPOBAHHBIX IT0JIb30BATE-
Jieit ¥ afMUHMCTPATOPa CUCTEMBI;

—  BbIOpaHbBI IPOrpaMMHbIE CPEICTBA, SI3bIKA
MIPOTPAaMMMPOBAHMS, CUCTEMbI YIIpaBlieHust 6a-
3aMM JaHHbIX [IJIS1 peaan3alym MpoeKTa;

—  paspaboraHbl TpeboBaHMSI K BeO-IPUIO-
SKEHUIO;

—  ONMCaAHbI AJITOPUTMbI PAOOTHI CUCTEMBI U
peann3oBaH NPOrpaMMHBII KO

—  MpPOTECTUPOBAHO Be6-TIPUIOKEHNME,
BK/IIOUaoliee 6a3y [OaHHBIX CUCTEMbI M TIPO-
rpaMMHOe obeclleueHue, peaausyiouiee Be6-MH-
Tepdeiic monb30BaTENEN CCTEMBI.

Kaskaplit 0o/1b30BaTeIb PETUCTPUPYETCS B CHU-
creme. IlociemoBaTe/nbHOCTh PabGOThHI I0OJIb30BA-
TeJss C CUCTeMOJ ITpeicTaBaeHa Ha puc. 1.

Baza naHHBIX

[TpoxoxIeHHe ompoca
II0 XapaKTepHCTHEAM |,

[TpocMOTp pesyIsTaTa

BRIBOIA CHCTEMBI M

r
[TpocMoOTp BCEX CEOHX
OTEETOE .

r
TTpocMOTp JAHHBIX MO
XapaKTepHCTHKaM |,

CTPaXOBOK

JageplieHH: \_
S/

Puc. 1. ITocsiemoBaTebHOCTb PAOOTHI TTOJIb30BATEJIEN C CUCTEMOT

Cucrema BbIZIaeT MEePBLIi pa3mes orpoca, IpeacTaBieHHbli Ha puc. 2.
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1. BHOBLI TYPHCTHYECKIMX ITOE3TOK

1.1 TInasueif OTABIX Ha Bepery Mops ma Orer O
1.2 Tloesan ¢ OeIbi0 3KCKYPCHA [0 TOpoaan na Oner O
1.3 AKTHBHBI® TYPHCTHISCKHE MY TS CTEHA na Owrer O
1.4 DKCTpeMATEHEIN TYyPHIM na ®uer O

1.4.1 JaitBHHT ma Cwmer O

1.4.2 Cépduar na Cmer O

1.4 3 TopHONIEGRHEIH CHOOPT ma COaet O

1.4.4 AnpnHEEIM na ® xer O

1.4.5 YaacTHe B cCOPSBHOBAHHAX na Cmer O
1.5 IyTemecTEAe HA AETOMOOHTE na Owmer O
1.6 IlyTemecTEHe DepeMeHHBIX ma Owuer O
1.7 Jpyree panst 1 na Oner O

Puc. 2. TTepBblit pa3pen onpoca

3aTeM IIOJIb30BATENb TEPEXOAUT K CJIEIYIO- €ro MHTepecyeT MeIUIIMHCKasE CTpaxoBKa (puc. 3).
eMy paseiny, IOATBEPKIast, UYTO

—= .

9KCMEPTHAA CUCTEMA MO NOUCKY
ONTUMAJILHOIO CTPAXOBOTIO NOJIUCA

O IIPOEKTE HAYATH 3AKTIOYEHHE
OIPOC CHCTEMBI

BALIH OTBETBI ITPHHATBI 1 COXPAHEHBI.
CIIEAVIOLAS I'PYTITIA BOITPOCOB

CJEAVIOLLAS IPYTIITA OIMLIUI CTPAXOBOI'O TIOJIMCA
2. MEJULIMHCKHIT CTPAXOBOH ITOIMC JA ® HET O

MOATBERUT OTBET

Puc. 3. Ilonb3oBaTenb IoATBepKaoaeT MHTepeC K MeIUIMHCKON CTpaxoOBKe
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Kondurypaiiust oTBeTOB MpezcTaBieHa Ha puc. 4.

CIEOYVIOIIAA TPYTIIIA BOITPOCOB

2. MEJULIMHCKN} CTPAXOBOI ITOMIC

2.1 MeIAIHHACKAA CTPAXOBKa (CTAHIAPTHEIA MAKeT)

2.1.1 Crpaxosas cyyua 20-30000 espo

2.1.2 Crpaxosas cymuma 30-50000 eepo

2.1.3 Crpaxospas cymua 50-100000 espo
2.8 MeaHUHHCKaA TPAHCTIOPTHPOBEA

2.8.1 AsTomobmmem

2.8.2 CamoneToM

2.8.3 Bepronetoum

2.9 DKcTpeHHad CTOMATOIOTHA

na ® per O
ma Omer O
Ja Omer O
ma ® ger O

na ®ger O
aa Omer D
ma Omer O
Aa ®ger O

aa Oner O

| cneaviowwn pazaen

Puc. 4. Onuun cTpaxoBKu, OTMeYaeMble 10b30BaTe/IeM

B pesynbrare cucTema BbIZACT COOOILIEHME, UTO
OIIPOC IpO¥ileH M MOXHO YBUJETb 3aKIKyeHye
CUCTEeMBI IO BBIOOPY OINTMMAa/JbHBIX BapUaHTOB
CTPAXOBBIX KOMIIAHMI (pUC. 5).

O IPOEKTE HAYATH

OIPOC CHCTEMBI

PEUTHHI'H COOTBETCTBHI1 OTBETOB TPEBOBAHHUSIM

e T ]

3KCMEPTHAA CUCTEMA MO NOUCKY
ONTUMAJIbHOIO CTPAXOBOIO NOJIUCA

3AKIIOYEHHE

Cucrema BbICTPOWIA KOMIIAHUMU 10 PENTUHTY,
COOTBETCTBYIOIIEMY HaubOOIbIIeMY YMCTY COBIIA-
IeHUJ KpUTEepUeB.

Kox Hamvenopamwe  CECOX Kom-eo | Peifrumr Kou-go PelfTHET Komso | Pelirmar Kon-80 Peiftuar
KOMITAHHH OTBETOB HapMbonee = HamMOoNee XapaKTePHBIX XapaKTepHBIX
eng | KDHTEPHEE = KDHTEpHER KpHTepHeB KpHTepHeB
KDHTEpHEE | KDHTEDHEE  KDHTEDHEE  KDHTEpHEB % %
% %
2 BTB 14;:144; 3 75 3 60 0 0 0 0
CrpaxoBanne | 2.1;2.13;
2.8;283;
8 Pocrocerpax 14;21;28; |3 75 1 25 0 0 0 0
283;
7 CrpaxoBoi 14;21;28; (3 75 1 25 0 0 0 0
aom BCK 2.8.3;

Puc. 5. 3aK/IoueHne CuCTeMbl

Cucrema HaXOAUT COOTBETCTBUSI TpeboOBa-
HUSIM, BBIPaKEHHBIM B OIpOCaxX, M HAXOOUT PSITI
COOTBETCTBYIOIINX KOMIIAHMIA, BBICTpAMUBas UX TI0
PEeTUHTY COOTBETCTBUS 3aMIPOCOB XapaKTepUCTH -
KaM CTPaxOBbIX MOJIMCOB KOMITaHUIA.
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DEVELOPMENT AND RESEARCH
OF A WEB-BASED SYSTEM FOR MULTI-CRITERIA SELECTION
OF LIFE INSURANCE PROGRAMS FOR FOREIGN TOURIST TRIPS

Abstract. The article presents the results of research on methods for developing web applications in the field of
tourism, web services that allow you to select the most suitable insurance companies that best meet the require-
ments for the characteristics of insurance policies for travelers. The practical result of the research is the developed
web-based information system, a web service for choosing the optimal insurance companies that best match the
characteristics of insurance poles specified by the user. The results of the work showed that the developed methods,
models and software are efficient, have a sufficiently high efficiency and can be used for real purposes of determining
travel preferences.
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MEJAUIIUHA, DPAPMAIIUA

TEPACUMOBA Huna IMmutpueBHa
KIMHUYECKUI OpaMHAaTOpP,
OpeHOYprcKkuii rocyaapCTBEHHbBIN MeIUIIMHCKMI YHUBepcuTeT, Poccust, r. OpeHOYypr

KOUYKUMHA Hartanabpsa HukoinaeBHa
K.M.H., IOLIeHT Kadeapbl TepareBTUIeCKOl CTOMaTOJIOTUH,
OpeHOYprcKkuii rocyIapCTBEHHbBIN MeIUIIMHCKUI YHUBepcuTeT, Poccus, r. OpeHOYypr

OB30P U3MEHEHUH CJIM3UCTOM OBOJJIOUKU ITOJIOCTU PTA
ITPY HOIIIEHWU CPEJICTB UHIVUBUIYAJIbBHOM 3AIIINUTHI

AHHOmauus. B cmamee nposedeH aHanu3 OaHHsIX U3 36 omeuecmeeHHbix U 14 3apybexcHbix UCIMOYHUKOB JiU-
mepamypst 3a 2015 — 2022 20061 0 81USHUU HOWEHUSL CPedcm8 UHOUBUAYAIbHOTI 3aujUMbl HA COCMOsIHUE 300P08bsl
MeOUYUHCKUX pabomHuUKos, umo 8vis8uno Hedocmaroujue daHHvle N0 daHHOL npobyeme U daem 0CHOBAHUE NPo8e-
CMu 3KCnepuUMeHmanbHole UCC1e008aHUA, KOMOpPble, 03MOXCHO, N0380JAM OnMUMU3Uposams cmpykmypy CH3,
Heo0x00uMblx 01 NPOPUNAKMUKU PA3NUUHBIX 3A00e8aHULL, 8 MOM UucIe, MUKPOOHOTI 3Muoa02ul.

Kniouegwie cnosa: Cpeacmea UHaueuayaﬂbHOﬁ 3awiumel, ciusucmas 060J10uKa nosocmu pma, JbvixaHue.

BBenenue

OpgHMM M3 BasKHEMIIMX HalpaBJIeHui mpodu-
JIAKTUKM TIpodeCcCHOHATbHO-00YCIOBIEHHBIX 3a-
60JseBaHNIT MEIUIIMHCKUX PAOOTHUKOB SIBJISIETCS
NpUMeHeHue CPelCTB MHAUBUAYATbHON 3alllUThl
(CU3). OgHaxko B HaCTOsIIee BpeMS B HAyUHO JIn-
TepaType OIyGIMKOBaHbl HEMHOTOUYMCIEHHBIE
KJIMHMYecKkue AaHHbie o Bausiuuu CU3 Ha 310po-
Bbe MeAULIMHCKUX pab0THMKOB. IlebIo Hatlleit pa-
60THl ObUIO IPOBECTM aHAIM3 CBEIEHUII oTede-
CTBEHHOII ¥ 3apyOesKHO TUTEePaTypbl O BAUSHUU
HOIIIEHUSI CPeJICTB MHAUBUAYAIbHOM 3allUThl Ha
OpraHu3M yejoBeKa.

OGBEKThI M METOIbI

B cTarbe 6bUTO MUCITOIBb30BAHO 36 OTEUECTBEH-
HBbIX ¥ 14 3apy6GeKHBIX MCTOUYHUKOB JIUTEPATYPHI
3a 2015-2022 roapl 0 BAUSIHMM HOLIEHUS CPEJICTB
VHAVBUAYAJIbHON 3alIUThl HA COCTOSIHME 3[I0pPO-
BbSI MEIUIIMHCKMX PabOTHUKOB. BiusiHMe BO3aeil-
ctBust CU3 6bIIO pacCMOTPEHO CO CTOPOHBI O(-
TaJIbMOJIOTUYECKUX, TepMaTOJIOTMYeCKuX, rema-
TOJIOTUYECKUX, TTYIbMOHOIOTUYECKUX, ITedannye-
CKUX U JTadke TICMX03MOIMOHAIbHBIX ITPOSIBJIEHUIA.

PesyiabTaThl M UX 0GCYKIEHME

ITo maunbiM bapynuHoii A. E. ¢ coapTopamu [1,
c.11-12] yacToTa BCTpeUae€MOCTY TOJIOBHOI 60U Y
JUI[ C TIOCTOSHHBIM MUCToab3oBaHuem CU3

coctaBwia 32,0% mpu 4yacToOTe T'OJIOBHBIX OoJeii
MeHee 2 pa3 B Mecsll, 66,9% Ipyu 4acToTe OT 2 10
15 pa3 B mecsi; y 80% nuil OJUTENbHOCTb MPU-
CTYyIIa TOJIOBHOI 6011 cocTaBmia ot 1 1o 3 u. U3y-
YyeHMe CHMKEHUS TOBCEeOHEBHOV aKTUBHOCTU
MIPOJIEMOHCTPUPOBAJIO, UTO Y 92% pecrioHIeHTOB
OTMEYa/INCh 3HAUUTEbHOe CHUKEHME aKTUBHO-
CTY U CKJIOHHOCTb K CHVYKeHMIO GOHA HaCTPOEeHNS.
[Tpu sTOM TONBKO Yy 21,81% ONpOIIEHHBIX HE BO3-
HMKaJja rojoBHas 60Jb. BpUIO BISIBIEHO, UTO 60-
nee 78,7% menpaboOTHNKOB MMeJIV TOJIOBHbIE 60U
pa3HOI CTerneHy BBIPAXKEHHOCTY B TeueHue pabo-
Yyero JHS M 3TO KOPPeaMpoBaJIO C IJIUTENbHOCTBIO
HomeHust macku u CU3. Ilpu aTom dusmueckoe u
MICUXMUYECKOe COCTOSIHME MeIUIIMHCKOTO Iepco-
Hama Gonee yeM B 62,7% CIyyaeB YXYOIIAIOCh
BCJIE[ICTBYE TIOSIBJIEHMSI TOJIOBHBIX 60JIeit, yacToTa
KOTOPBIX BapbMpoBasa oT 2 1o 15 pa3 B Mecsl.
banosckuit 10.10. ¢ komneramu (2, ¢.136-142]
MUIIYT, YTO, BO-TI€PBBIX, JOMOTHUTEIbHOE PECIIN-
paTOpHOe CONPOTUBIIEHNE, BO3HMKAIOIIEee ITPY UC-
MOJIb30BaHUM CPEACTB MHAVBUAYAIbHON 3alIUThI
OPTaHOB JIbIXaHMS, OKa3bIBaeT BAMSIHME Ha IOKa-
3aTenu 6es10i KpoBU. BO-BTOPBIX, MU3MEHEHMUS T10-
Kasarejeil JIeMIKOTpaMMBbl 3aBUCST OT IIPOJOJIKU-
TeJIbHOCTY BO3JENCTBUSI CPelCTB MHIVBUAYasb-
HOJ 3allMThl OPraHOB [AbIXaHUs. B-TpeTbux,
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NpUMeHeHre pecnupaTopa B TeueHue 3-X MUHYT
BBI3bIBAJIO YMEHbILIEH)E YKCIIa JIEMKOIUTOB, TIpe-
UMYILECTBEHHO, 3a CUeT CHVKEeHUSI KOAM4YeCTBa
HeNTPOGWUIIOB U MOHOIIUTOB. B-UueTBepTHIX, MPU-
MeHeHMe pecnupaTopa B TeueHue 18 MUHYT CO-
MPOBOXIAIOCh MOBBIIIEHMEM UMCIa JTEeMKOIUTOB
C YBeIMYEHMEM YMC/Ia HENTPOPWIOB ¥ MOHOIIM-
TOB, a TAKKe YMeHbILIEH/EeM COJeP>KaHMSI 303MHO-
¢dbunos.

B To xe Bpemsa I'pumenko A. H. u Meie-
Hell M. A. [3, c. 179-180] BbISICHWIN, YTO HOLIEHNE
MeIOUIMHCKOM MacKy He BAMSIeT Ha CaTypanuio
KPOBM, TaK KaK CpefHMe 3HAaueHUs caTypauuu u
yacToTa cepaeuHbix cokpaiieruit (YCC) go Hole-
HUSI MeOULIMHCKOM MacKu COCTaBJISIOT 96,46% u
84,53 ya/MMH COOTBETCTBEHHO, YTO COOTBET-
cTtByeT HOpMe. CpeJlHee 3HaUeHMe caTypaluy CITy-
CTS 4yaC HOILIEHUS MacKM OCTaeTcsl Ha IpeXXHeM
YPOBHE, a UMeHHO 9,46%, a UCC — He3HaUUTEeIbHO
CHMKaeTcs n0 78,73 yo/MUH — HOPMaJIbHbIN Oua-
ma3oH. [Ipy cpaBHEHMM [BYX BbIOOPOK 3HAUEHUS
YPpOBHS 3HaUMMOCTH 118 catypaunu u YCC paBHBI
0,972 n 0,191 cOOTBEeTCTBEHHO, KOTOpbIE SIBJISI-
foTcs Boiie 0,05, T.e. KpUTepMit HE3HAUMM.

I'yp6buu E. B. [4, ¢.85-87] ¢ coaBTOpamMu BbI-
SIBUJIM BBIPa’keHHbIE KPATKOCPOUHbBIE MPUCIIOCO-
OuTeNbHBIE pEAKIMM IbIXaTeIbHOM CHUCTEMBI,
MIPUBOSIIME K MU3MEHEeHUSIM ToKa3aTesieit BHellI-
Hero JbIxaHMs, TOABepraroumecs BOCCTaHOBJIE-
HUIO U [OJIUTE/IbHbIEe M3MEHEHMSs, MOBBIIIAINe
yTpeHHMe nokaszatenu OBJl mo Havama MUCMIOb30-
BaHMSI MEOULIMHCKON MacKu, YTO [OeaeT ee WUC-
MOJb30BaHMe MeHee 3aMeTHbBIM [J151 OpraHKu3Ma.

Hopxuesa [. 10. [5, ¢. 65-69] ¢ ko/ieramMmu oT-
MevalT Hajauuye HeGIarompusiTHBIX KOKHbIX pe-
aKkuuii Ha HOILIeHMe MAaCOK: KOHTAKTHbIN JepMa-
TUT, aJjepruueckuii 1epMaTUT, YTPU U KOHTAKT-
Hasl KpanyMBHUIIA.

3HameHckadg U. A. ¢ coaBTpamu [6, c.127-131]
OTMEeTW/IU, UTO TIPU HAAUUUM MACKU YacCTOTa IbI-
XaHMSI OKa3bIBaeTcs Ha 4-5% BblIllie, UeM B cTyyae
IbIXaHMs 6e3 MacKu.

Kanuos B. A. u Unpkun A. B. [7, c.2-6] yTBep-
SKIAIOT, UTO IEeKJapupoBaHHas BbICOKas 3¢dex-
TUBHOCTb CPeJICTB MHAUBUAYATbHON 3alIUThI OP-
TaHOB AbIXaHUS 3a4aCTyI0 He KOppeaupyeT C JaH-
HBIMM O 3a00J7I€BaEMOCTY, HE COOTBETCTBYET CO-
BpPEMEHHOMY YPOBHIO MUPOBOI HAayKM U 060CHO-
BaHa HEKOPPEKTHO.

Kubunpna E. B. u Benas E. C. [8, c.424-425] BbI-
SICHUJIY, UTO, Ha 1 cM? MOBEPXHOCTY KOXKY JIMIIA Ha
y4daCTKe C HOIIeHMeM ME,Z[I/ILH/IHCKOIZ MacCKM Ipm-
xoautcst 0,2 KOE Staphilococcus aureus, uto B 5,5
pasa Hiuke yeM Ha 1 cm? ToBepXHOCTM KOKY JIUIIA

Ha yJyacTKe 0e3 HOIIeHUs MeOUIIMHCKON MacKu.
TakuM o6pasom comepskaHue Staphilococcus
aureus OT OOIIEro umcjia MMUKPOOPTAHM3MOB Ha
MOBEPXHOCTY KOKM JIMIIA Ha yUYacTKe C HOIlleHueM
MeaULIMHCKOM Macku coctaBuio 0,24%, uto B 8,9
pas HUKe 0 CPaBHEHMIO C MOBEPXHOCTHIO KOXKMU
JMIIA Ha yYyacTKe 6e3 HOIIEHWS MeOUIVIHCKOM
Macku. [Ipu usydenun ¢bopM KOJIOHUI, U B 30HE C
HOIIIeHMEeM MacKy, ¥ B 30He 6e3 HOLIEeHMSI MacKu
Ob1I0 06HapysKeHO 10 4 R-komouuu. ITpu okpacke
no I'pamy B MepBOM Cjyyae BCTPeYaJINCh Kak
IPaMIIONIOKUTEbHbIE, TaK U I'pPaM-OTpHULIATENb-
Hble MMKPOOPraHU3Mbl, & BO BTOPOM CJIydyae BCe
OHM 0Ka3aJ11Ch rPaM-OTPULIATEIbHBIMNA.

Kypoenos A. B. ¢ xomneramu [9, c. 519-526] B
pesyabTaTe MPOBeJeHHOI0 MCCIe0BaHMs CBUIE-
TEJIbCTBYIOT 06 OTPUIIATETLHOM BIVISTHUM Pa3/InNy-
HbIX CU3 opraHoB AbIXaHUS U 3pEHUS, UCIIO/Ib3Y-
€MbIX B MEIMILMHCKON IpaKTuKe, Ha (GYHKIMO-
Ha/IbHbIe TapaMeTphl CJie3bl, B YACTHOCTU Ha TM0-
KaszaTejlb CyMMapHO# Ce30mpoayKiuu. Y Juii,
MCIIONb3YIONIMX BbILIEYIIOMSIHYyTbie CH3, ymeHb-
1eHue pe3yabTaToB TecTa lllupmepa I K KOHITY pa-
6ouero gHs coctaBmwio 20-25 % OT MCXOTHBIX 3HA-
YeHUI He3aBUCUMO OT HaINMUUS TPaAULIMOHHBIX
dakropos pucka CCT.

Jlynenko A. H. [10, c. 499-502] B pesyibTaTte
aHanaM3a MoJIyYeHHbIX M3MepeHUt YCTaHOBUII, UTO
carypalys Ipu UCII0b30BaHUM CPEICTB UHINBU-
IyaJIbHOM 3alIUThl OPTAHOB AbIXaHMs CHUXKAETCs
Ha 1,5-2% Hapsagy c yBeluveHMeM ITyabca Ha 5-
10%.

Maxkoron C. U [11, c.42-48] ycTaHOBUIJ, 4TO
CU3 opraHOB [bIXaHUS OKa3bIBAIOT OTPUILATEIb-
HO€ BO3[eliCTBMe Ha MoKa3aTeay CyMMapHOi cjie-
30TIPOAYKITUMN.

Hes3opoBa A. b. ¢ komnerammu [12, c. 46-48]
MTPOBEJIN aHaIN3 0000IIeHHBIX Pe3y/IbTATOB Kaye-
CTBEHHOTI'0 aHAJ/IN3a OLIEHKY YPOBHSI ICUX0DU3NO0-
JIOTMUECKMX KauecTB BOAMTEeH B 3alIUTHBIX -
IIeBbIX MaCKax " BbISIBMJIU CHUKEHYE YPOBHSI KOH-
LleHTpauuy BHUMaHus Ha 69 %

ITymosckas [13, ¢. 67-71] ¢ coaBTOpamMu OTMe-
YaloT, UTO YXYAllleHMe IbIXaHus U3 BCeX OMpo-
IIEHHBIX UYBCTBYIOT O0Jjiee MOJ0BUHBI (55,2%), v
48,3% OIpOIIeHHbIX IMCKOMGOPT BbI3BIBAIOT pe-
3MHKM OT MEIUIMHCKMX MacOK, KOTOpble HaTU-
palT VIIM, HOIlIeHMEe Macky BbI3bIBAae€T akHe Y
34,5% omporieHHbIX. 58,6% OTMeTW/IN, YTO UYyB-
CTBYIOT 3aTpyJHEHMeE NMpU HeBepOaTbHO! KOMMY-
HUKaumumu. 37,8% UYYyBCTBYIOT IICUMXOJIOTUYECKUIA
IuckoMbopT.

[llep6akoB A. U. ¢ ko/uteramu [14, c. 224-234]
MPeATOoNOXUIM BO3MOKHOCTb Pa3BUTHUS OTeKa
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CJIM3UCTOI TTOJIOCTY HOCA U CUMITTOMOB, CXOXKMUX C
aJJIepruuyeckum puHUTOM (AP) y TeX, KTO BbIHYX-
IIeH IIOCTOSTHHO HOCUTDb MacKy. Ko Bcemy mpouemy,
MTOCTOSTHHOE HOIIIeHMe MAacKu YCYIyoOJsieT W/Win
MCKaXkaeT KIMHUYECKYIO KapTUHY Y JIIofAei ¢
cumnitomamy AP, 4ToO MOXKeT 3aTpyIJHUTb AUArHO-
CTUKY.

Sachdev R. c¢ komneramu [15, ¢.759] ycraHo-
BWIN, YTO GOJIBIIMHCTBO MUKPOOPTAHU3MOB, BbI-
IeJIeHHBIX Y3 MCIIO0JIb30BAHHOM XUPYPTrUUYECKOit
MacKy, ObLIM IMOTEHIMAJIbHO ITaTOreHHbIMU. O6-
1Iee KOJMUYeCTBO OaKTePHii C IMIIEBOI MaCKU CTO-
MaTOoJIoTa U C 3aTrPsSI3HEHHBIX IOBEPXHOCTEN B CTO-
MAaTOJIOTUUYECKMX KIMHUKAX comepikano 42% Bu-
IIOB CTPEITOKOKKOB, 41% cTadm/IOKOKKOB U 17%
TPaMOTPUIIATETbHBIX GAKTEPUIA.

Gund M. c coaBTopamu [16, c. 3173-3180] ripo-
BOAWI M3yuyeHMUe GaKkTepuasbHON 06CceMeHeHHO-
ctu CU3 Bpaueil CTOMaTONIOTOB BO BpeMs Iperia-
PUPOBaHMS C BHEIIIHE CTOPOHBI MacKy B XOZe KO-
Toporo pop, Staphylococcus rmokasana Hau6oJIbIIYI0
pacIpoCcTpaHeHHOCTh. M3 3TOro poma BUIbI
Staphylococcus  epidermidis, Staphylococcus
capitis, Staphylococcus hominis, Staphylococcus
aureus, Staphylococcus saprophyticus,
Staphylococcus warneri, Staphylococcus caprae u
Staphylococcus pettenkoferi o6Hapy>kuBalTCS C
yMeHblIamwlleicss yactotoil. Pox Streptococcus
(Streptococcus oralis, Streptococcus mitis, Strep-
tococcus anginosus, Streptococcus sanguinis,
Streptococcus parasanguinis, Streptococcus sali-
varius, Streptococcus gordonii, Streptococcus in-
fantis), Bacillus (Bacillus cereus, Bacillus circu-
lans, Bacillus subtilis), Micrococcus (Micrococcus
luteus), Rothia (Rothia dentocariosa, Rothia
Aeria), Neisseria (Neisseria Macacae, Neisseria
perflava, Neisseria subflava, Neisseria oralis), Pen-
icillium (Penicillium chrysogenum), Actinomyces
(Actinomyces oris) u Strydomonas Taxke OGbUIM
o6HapykeHbl C HECKOJIbKUMMU Bumamu. Jpyrue
Bunbl (Acinetobacter pittii, Aerococcus viridans,
Aspergillus versicolor, Dermabacter hominis, En-
terococcus faecalis, Haemophilus parainfluenzae,
Rhodococcus erythropolis, Sphingomonas sp.,
Streptomyces sp.) 0OHapY>KMBaIUCh CIIOpaguye-
CKM. MacKky U TepyuaTKu, KOTOpble ObUIM B KOH-
TaKkTe ¢ MackaMM, TIOKa3aay COMOCTaBUMbIe MUK-
pOO6HbBIE 06PA3IIbl C MEHbIIIEH YaCTOTOI BCTpevae-
moctu BumoB. Takke Staphylococcus spp.,
Streptococcus spp. u Bacillus spp. oMUHUPYIOT.
BaskHO OTMETUTB, UTO B Tpex o6pasiax: ABYX JIK-
LIeBbIX MacKaxX M OJHOJ Jleue6HOli epyaTke, 6bl1
obHapykeH S. aureus.

3aknoueHue

MepunuHckMe pabOTHUKY, MPU3BAHHBIE CO-
XPaHSITDb Y IIPOJJIEBATh AKTUBHYIO KU3HEHESTE b-
HOCTb UejIOBeKa, caMy MMEIOT BBICOKME IOKa3a-
Teu obueit u mpodeccrMoHabHOM 3a6071€BaeMo-
ctu. Ux mpodeccroHambHast AEeSTENbHOCTb, CO-
MIpSDKEHA C eKeJHEeBHBIM KOHTAKTOM C Pa3Jify-
HbIMM (paKTOpaMy MHMEKIVMOHHO! U HeMHDeKI-
OHHOJ mpupoasl. HollleHe MacoOK, SIBJISSICh O0SI-
3aTebHbIM aTpUOYTOM JesSITeTbHOCTU MeapaboT-
HUKOB, MOXKET, TI0 JAHHBIM MCCJIe0OBATEIeN, IPU-
BOAUTDb K HEGIATOTIPUSTHBIM M3MEHEHMSIM COCTO-
STHUS TIOJIOCTU PTa. DTOT BOIPOC TpebyeT Halib-
HeJ{IlIero M3yuyeHusl U MPOBeIeHMs SKCIIepUMeH-
TaJbHBIX MCC/IEOBaHMI, KOTOpbIE, BO3MOXKHO,
MO3BOJISIT ONITUMU3UPOBATh CTPYKTYypy CU3, He-
06XOIMMBIX [IJIsI TPOMWIaKTUKY Pa3INUHbIX 3260-
JeBaHMit, B TOM Umciie, MUKPOOHOI 3THOIOTUMA.
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CA®PUHA Unbruna JleHapoBHa
CTyAeHTKa, YyBalICKu1i1 roCyIapCTBEHHbBIV yHUBepcuTeT umenu U. H. YibsiHOBa,
Poccust, . Yebokcapbl

AHATOJIbEBA l'annua BanepbeBHa
CTyAeHTKa, YyBalICKui1 roCyIapCTBEHHbBIV yHUBepcuTeT umenu U. H. YibsiHOBa,
Poccust, . Yebokcapbl

HayuHulli pykosodumens — kaHoudam meduyuHckux Hayk AHucumosa TamesiHa AHAmMobe8Ha

NHBA3VBHAS MEHVHI'OKOKKOBASI UTHOEKILI S

AnHomauyus. MHea3usHas MeHUHz0Kokkosas ungexyus (MMH) npedcmasnsiem co6oti npobiemy 06uiecmeeH-
H020 30pasooxpaHetust u eedyuyro npuduHy 3aboaeeaeMocmu u cmepmuocmu 6o écem mupe. MUMU moxcem npo-
mexkamp Kaxk 3HdeMuyeckoe 3a00ieearue co CnopaduueckuMu Cayuasmu Uil Kaxk InUoeMuul co 8CNbIUKAMU.

Kniouessle c106a: UHBA3UBHASA MEHUH20KOKKOBASL LlHd)eKl{Llﬂ, IHdemuuecKoe 36160]16661Hu€, 3nuaemuﬂ, cmepm-

HOCMb.

AKTyalbHOCTB

IMpobsema pacIpoCcTpaHeHMsT MEHMHTOKOKKO-
BOit MHGEKIMM OCTaeTCsl aKTyaJabHO! BO BCeM
Mupe. ITO 06YC/IOBIEHO TPYAHOCTSIMU STTUAEMUO-
JIOTMYECKOTO HaJ30pa, 1ab0paTOpPHOro KOHTPOIIS,
CEepOJIOTMYECKOl Pa3sHOPOTHOCTbIO BO36YIMUTENS,
MHOT000pasyeM MCTOYHMKOB MHOEKIUM U WH-
TEHCUBHBIMM MUTPALIMOHHBIMM Tpolieccamu [1,
c.53]. XapakTepHoit 0COGEHHOCTBIO TeUeHUST Me-
HUHTOKOKKOBOJ MHMEKINM SIBJISIETCS BbICOKMIA
PUCK Pa3sBUTUSI KPUTUUECKUX COCTOSIHUI B TIep-
Bble yachl ee MaHudecramuu [2, ¢.33]. V 10-20%
MalyeHTOB, epeHecIInX MeHMHIOKOKKOBBI Me-
HUHTUT, GOPMUPYIOTCSI HeoOpaTUMMble Hapylle-
HUS 3peHUS, CJTyXa, MEHTAJIbHOTO Pa3BUTUS, SITU-
JIETITUYECKUI CUMHAPOM U [pyrue paccTpoyicTBa
HEPBHOJI CMCTEMbI, IPUBOISIINE K CTOMKOMY CHU-
SKEHMIO KauecTBa UX XXU3HM [3, c.151]. O6mmpHbIe
reMopparmveckue BbICHITIAHUS TPY MEHMHTOKOK-
KeMMUM MOTYT OCJIOSKHUTbCSI Pa3BUTIEM HEKPO30B,
TPeOYIOIIMX B HEKOTOPBIX CIYUasIX aMITyTalluM KO-
He4yHOCTU [4, c.21]. B coBpeMeHHBIX YCIOBUSIX
HauboJiee IeiiCTBEHHO Mepoii 1o 60pbbe ¢ TsKe-
JIbBIMY  (OpMaMy MEHMHTOKOKKOBOW WHQeKIMK
SIBJISIeTCS crienyduueckass UMMYHM3allMs Hacesle-
HUSL.

B Mockse B 20221 3apMKCHMPOBaHA «HEIIPOCTAsT
CUTyalMsI» C MEHMHTUTOM Cpeay MurpantToB. O6
3TOM COOGIIMIA IIaBa MOCKOBCKOro Pocriorpe6-
Hansopa Enena Aunpeesa Ha opyme «Most TToym-
KIMHMUKA». 32 eCSITh MeCSIEB CPeay TPYAOBBIX
MUIPAHTOB ObIO O6GHapykeHO 32 ouara

3aboJieBaHMsI. AHJpeeBa MOAYEPKHYIA, UTO CITe-
LIMaIACThI TIEPBUYHOTO 3BEHA MPOBOAST BaKIIMHA-
LIMI0 MUTPAHTOB, IMOCKOJbKY KIMHMYECKasT Kap-
TUHA «OU€Hb TSDKeJIasi» — eCTh JIeTa/IbHbIe VICXOIbI.
Pocriotpe6Ham30p Takke 3aITyCTUII KOMITAHUIO 11O
60pbbe C MEHMHIMTOM C IIOMOIIbI0 BaKI[MHA-
uuu [5].

Ileab: M3YyYUTh KIMHUKO-3TUIEMUOIOTIAYE-
CKye 0CO6eHHOCTM 3260/1eBa€MOCTY MEHVMHTOKOK-
KOBOW MHekIineit HaceneHus YyBalickoit pec-
my6smku 3a 2019 .

Marepuasabl M MeTOABI: INPOBEIEH PETPO-
CTIEKTVBHBII aHAIN3 apXUBHBIX JOKYMEHTOB CITe-
IMATM3UPOBAHHOTO MHGEKIIMOHHOTO CTallIOHapa
BCMII r. Ye6oKcapbl, MaTepuaioB HeHTpa Peme-
pPaIbHOI CITYKObI TI0 HAA30py B cdepe 3aIiyuThl
TpaB TMOTpebuTeNneil U 61aromosyuns 4deaoBeKa
MpY TIOMOINY METOHOB CTAaTUCTUUECKOI 00Opa-
OGOTKHA.

Pe3yabTaThl M 00CY)KOEeHMe. MeHMHTOKOKKO-
Bast MHGEKIUS — OCTpOoe aHTPOIIOHO3HOe GaKTe-
pUasibHOe 3a60J1eBaHMe C aCTIMPAIMOHHBIM MeXa-
HM3MOM 3apaskeHMsI, XapaKTepusyIolieecs Impo-
KM OMAIIa30HOM KIMHUNYECKUX HpOHBHEHI/II?‘IZ oT
6ecCMMIITOMHOTO GaKTepUOHOCUTEILCTBA U JIEr-
KOTOo Ha30(gapuHTUTA 10 TSDKeIeNIINX TeHepann-
30BaHHBIX QOPM.

BBISIBJIEHO, UTO YpOBEHb 3a60I€EBAEMOCTU Me-
HMHTOKOKKOBOJ MHdeKmnmeir B UyBaiickoit oba-
CTU TIOYTM Ha BCEM MCCAeAyeMOM BpeMeHHOM
IMPOMESKYTKE MpeBbIIIaeT CpegHNUii ypoBeHb B 2019
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r. UHdekuus uMeeT BbIpasKEHHYIO 3MMHE-BECEH-
HIOI0 Ce30HHOCTb, BCTPEUAIOTCS reHepaan30BaH-
HbI€ ¥ JIOKQJIM30BaHHbIE (POPMBI.

O6cemoBaHO BCero 15 malMeHTOB, B3SITHIX
CJTyYaifHBIM METOZOM BBIOOPKM, MOCTYIMMUBIINUX B
MH(pEKLUMOHHOe oTaeNieHe BY «BobHUIA CKOPOTA
MeAVLIVMHCKOM moMoIiy» B mepuof 3a 2019 rog.

Bo Bcex ciywasix 3abosieBaHMe HAUMHAIOCh
BHE3aITHO C 03HOO0M, (heOPUIbHOM JTUXOPaIKOIi,
1a60CTbI0, BHIPAsKEHHOI I'OJIOBHO 60JIbIO, Y Ya-
CcTU OOJIBHBIX C TOIIHOTOW, PBOTOM M OUapeeii.
IaHHas KIMHWYeCKass KapTyHa COOTBETCTBOBAJIA
«KJIaCCUYECKOii» [IJiT HadyaJbHOTO Iepuoma Me-
HUHTOKOKKeMUM. [Tocsie obpaiieHmns 3a MeIUITVH-
CKOJ1 ITOMOIIBIO C 3Kajo6aMy Ha HeJJOMOTaHMe, TO-
JIOBHYIO 601 1 JINX0paaKky 10 60bHBIX GBIV TOC-
MMATATM3UPOBAHBI B GOKCHI C JMArHO30M OCTPOE
pecriupatopHoe 3a6osneBanue (OP3). B 5 Habiio0-
IeHMsIX 6YpHO pa3BMBAIOIIASICS KIMHMYECKas Kap-
THHA 3a60/1eBaHMSI TOTPebOBaa SKCTPEHHO 9Ba-
Kyaluyu O60JbHBIX B JieueGHbIe yupeskmeHus. Tou-
HOe BpeMsl MMOSIBJIEHMSI TeMOpparnveckoi sK3aH-
TeMbl BbISICHUTh He MPeICTaBUIOCh BO3MOXKHbBIM,
T.K. HA JOTOCIIUTAJLHOM 3Talle y 4acTy IalueH-
TOB ChIITh He ObIJIa pacro3HaHa. DK3aHTeMa BCeraa
pasBMBaiach B IepBbie 24 U 3a60/ieBaHMs, 3aXBa-
ThIBaJIa OOUIMPHBIE YIACTKY KOXKM HA TYJIOBMUIIE,
KOHEUYHOCTSIX U T'OJIOBE.

IMostB/IeHMeE CBIMM COBIIAAJI0 C BO3HUKHOBE-
HMEeM OJBIIIKM, HapylleHueM CO3HaHus (COIop),
cHskeHneM AJl, y 4acTu GOJIBHBIX - C TIOSIBJIEHME
pBOTHI U Auapen. [TaHHBII CUMIITOMOKOMILIEKC
SIBJISVICSL TIPOSIBJIEHMEM Pa3BUBAIOIIETOCS CENTH-
YeCKOro IIoKa.

C nuarsosom MKU 6b111 HaIipaBJ/IeHbI B CTALV-
OHAp BCETO MSITh OONTbHBIX, ¥ TOTBKO TPOE U3 HUX
— B IlepBble CYTKM 3a00j1eBaHMsI. DKCTPEHHAs 110-
MOIITb Ha AOTOCIIUTAIBHOM 3Tare, peraaMeHTHPO-
BaHHAs METOOUYECKMMU DPEKOMEHIAIMUSIMU 10
npoduIaKkTUKe, IMAarHOCTUKE U JIeUeHUI0 MEHH-
TOKOKKOBOJ WMHGeKkIMnu 6bUla OKasaHa TOJNbKO
STUM IISITU 6GOJIbHBIM.

BoiBOJ,

1. UMW npexncrapiseT coboii cepbe3HyI0 U
OTIACHYIO JIJIST SKU3HM MTPO6IeMy IJIsI MMPOBOTO CO-
o6mrecTBa. CBOEBPeMEHHOCTD BBISIBJIEHMS TTEPBBIX
nposieiennii UMW, okasaHue 3KCTPEHHOI MO-
MOIIM Ha JOTOCIUTAIbHOM 3Tale, CKopeiilias
TOCTIUTaIM3anus B MHQEKUVOHHBI CTalMOHAP
CITOCOOCTBYIOT COXPAHEHMIO KU3HU U 3I0POBBS
6OJIbHBIX.

2. Lenpio 6mypKaimmx JeT OO/KHO CTaTh
yBe/liMueHMe OxXBaTa BaklMHalMell MPOTUB Me-
HMHTOKOKKOBBIX 3a060/1eBaHMIA, POJODKEHNE MO-
HuTopunra MU u paspaboTKa YHMKAIbHOI BakK-
IIMHBI, CIIOCOOHOJ OXBaTUThb BCE OCHOBHbBIE
IITaMMbl MEHMHTOKOKKA.
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INVASIVE MENINGOCOCCAL DISEASE

Abstract. This article reveals the truth of such a disease as meningococcal infection. Invasive meningococcal
disease (IMI) is a public health problem and a leading cause of morbidity and mortality worldwide. IMI can occur
as an endemic disease with sporadic cases or as epidemics with outbreaks.
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®UNHYEHKO Crannuciaas Hukonaesuu
KaHAUAAT MeAUIIMHCKUX HAYK,
IOLEeHT Kadeapsl IICHXOJIOr0-TeIarornuyeckoro 0opasoBaHms,
ToMCKMI1 TOCYyIapCTBEHHBIN Mefarornyeckuii yumpepcuret, Poccus, r. Tomck

KWHE31OJIOTUS B 3CTETUYECKOM IICUXOCOMATUKE

AHHomauus. JlaHHas cmames ucciedyem 83aumocesi3b Mexcdy Cmpeccom, NCUXompasmamul, HetipompliueuHot
peaxyueti u 803pACMHbIMU ICMEMUUECKUMU U3MEHEHUSMU Ha Juye u mese. Agmop o06cyxoaem enusHue Hezd-
MUBHbBIX IMOYULI HA HANPAXCEHUe MbIUY U hpedsidzaem UCNnO1b308amb MemoouKuU KuHe3uono2uu 01 paccaabne-
HUSL HANPAXCEHHBIX YUACMKO8 U YCMPAHEeHUS 3CMemuyecKux HedoCmamxkos, C83aHHbIX ¢ 803pacmom. Takie nood-
yepKUBaemcs 3HaUUMOCMb NCUXOIMOYUOHATILHOZ0 COCMOAHUS NPU NPOBEOEHUU CEAHCO8 U 00CYyHOaomcs IMoyu-
OHA/IbHBIE peakyuu U oujyljeHus, 603HUKAUiUe 8 Npoyecce JeUeHuUsl.

Kniouegwie cnosa: cmpecc, ncuxompasma, HeapOMblLuel{Haﬂ peakuus, MLlOd)aClﬂ,laﬂbellj 2unepmoHyc, 603-
pacmmHsle acmemudecKkue u3mMeHeHus, KuHe3uoJsoeus, IMOUUOHAJIbHblE peaKyuu, NCUXOIMOUUOHATIbHOE COCMOos-

HuUe, MoluledHoe paCCﬂa6ﬂ€Hu€.

qenosex peryyisipHO CTaJIKMBAeTCsl CO CTpec-
caMy pas3/IMYHON MHTEHCUBHOCTH, a TaKXke, K
CO’KQJIEHUIO, He MOKeT 130eXKaTh Y MICUXOTPaBMU-
pyouux cutyauuii. CTpecc ¥ ICUXOTPaBMbl HEU3-
0€’KHO BBI3bIBAIOT HEIPOMBINIEUHYIO PEaKI[Ni0 B
BUJIe CT1a3MOB, KOTOpPbIe CO BpeMeHeM, eCjiu 3Tu
CriasMbl He YCTPaHSTh, NMPUBOIAT K CTOIKOMY
MuodaciMaaTbHOMy TUIIEPTOHYCY [3], KOTOpBIi
MIPOSIBJISIETCS HE TOJIBKO B BUE OOJIEBBIX OIIyIIe-
HUIT B Tese (YCTPaHATh GOJieBbIe OITYIIEHUS BCe
K€ JOJIKHBI CHelyaaucTbhl MeAUIIMHCKOTO TIpo-
(buis), HO ¥ BO3pacTHbIE 3CTETUUECKUe M3MeHe-
HMUS Ha JINLiEe U Tere.

HexoTopble uccienoBaTeau B 006J1aCTu MCUXO-
COMAaTUKM MPeAIoNaralT, YTO KaKas HeraTuB-
Has sMo1us (THeB, CTPax, 370CTb, 001/1a) BbI3bI-
BalOT HaIPsKEHME MBIIILL B ONIpele/IEHHBIX y4acT-
Kax Tesna [2]. C maHHBIM YTBepKAeHMeM A0CTa-
TOYHO CJIOKHO COIJIACUTBCSI, ITOCKOJIbKY BCe
MBIIIIIBI CBSI3aHbI MeXOy C€000ii daciuusaMu.
MO>XHO JHUIllb YTBEPKAATh, UTO KaKME-TO YUaCTKU
pearupyioT Ha OIpe/el€HHble SMOLUU, U B pe-
3yJIbTaTe HaIpsiKeHYe MBI B 3TUX yUYacTKax He-
CKOJIBKO OOJIbIIIe, YEM B IPYTUX.

Hampumep, BO BpeMsI CUIBHOTO CTpaxa, 4eyio-
BeK, Kak ITpaBUJjIo UyBCTBYET CaBIMBAHMUS B TPy
U 3aTpyJHEeHMe ObIXaHUs M YYBCTBO HATIPSIKEHUS
B 00/1aCTH IIey. ITO OUeHb yacTasi pusmosornye-
CKasl peaklvs Ha JAHHYIO HEraTUMBHYIO 3MOIIMIO.
U, cooTBeTCTBEHHO, KOTAA OCTpas CTagus MPOSIB-
JIEHUS SMOLIMM MPOXOAUT, B HajbHeNIeM MOKeT
BO3HMKHYTb YyBCTBO IIepMaHEHTHO TPeBOIr'!, KO-
TOpPOe M BBI3BIBAETCSl HAIpSCKEHMEM B 061acTu
60TBIINX TPYAHBIX MBIIIILI, KOTOpbIe

CIa3MMPOBAINCH B IIPOLECCE TIEPEKUBAHUS IMO-
MM CTPaxa, ¥ MOKa 3TU MBIl HE OYAYyT HAXO0-
IOUTBCSI B JOCTATOYHON CTEMEHM pacc/iabiaeHus,
TPEBOXXHOE COCTOSIHME OyIeT Tak Miau uHave bec-
TTOKOUTb.

BBISICHUTD yYacTKM ¢ MaKCHMMAaJIbHBIM HArps-
SKeHMeM ¥ IIOMOTaeT TaKoe HallpaBjIeHue, KaK K-
He3uonorus [1]. B kuHe3Monornm Takke Cylie-
CTBYIOT METOJIVMKMU, CITOCOOHBIE ITyTeM pacciabie-
HUS HAIIPSDKEHHBIX MBIIII, BEPHYTHh YeJIOBEKY He
TOJIbKO TIO3UTMBHOE SMOIIMOHAIBHOE COCTOSTHUE,
HO M YCTPaHUTD MPOSIB/IEHNE BO3PACTHBIX ICTETU-
YyecKkux usmeHeHuin. OTMeTUM ellle pas, YTO BO3-
pacTHbIE 3CTETUUYECKME U3MEHEHUSI CaMy I10 cebe
CIIOCOOHBI Y HEKOTOPBIX SKEHIIMH BbI3BATh CTPeCC
U JaXke 3aTSDKHYIO ferpeccuio. iMeronmecs ke Ha
PBIHKE KOCMETOJIOTUUECKME U XUPYPTUUECKUE Me-
TOJMKU CBSI3aHbI C GOJIBIIUM KOJIMUECTBOM PUCKOB
" OCJIOKHEHUI U pe3yIbTaT MOXeT CUMJIbHO He COB-
MagaTh C OKUIAHUSIMMU.

YesoBeK 06pamaeTcss K KUHE3UOJIOTY-3CTETU-
CTy HEpeaKo, KOTAa TPaIMUIVIOHHbIE KOCMETOJIO-
rMYecKre MeTOAVIKM He JAIOT KeJlaeMoro pe3yib-
tara. [Ipu obpameHun 1 xkanobax Ha HEBO3MOX-
HOCTb YCTPAHUTD KAKOI-T1MO0 BO3PaCTHO KOoCcMe-
TUYECKUIT HEHOCTATOK (HampumMep, HOCOTYOHbBIE
CKJIaJIKV WJIM HOCOCJE3HYI0 60po37y), MpakTuye-
CKM BO BCEX CTyYastx UArHOCTUPYETCs JIATEHTHOe
WV SIBHOE COCTOSTHME TPEBOKHOCTHU, KOTOpOe Ye-
JIOBEK KOHEYHO K€ He CBSI3bIBAeT C TMOSBUBIIMU-
MUCA 3CTEeTUYECKMMM BO3pAaCTHbBIMM M3MEHEHMU-
SIMMU.

KuHe3nonor-scTeTucT MpU 3TOM BBISIBISIET
yY4aCcTKM €  MAaKCUMAalTbHO  BbIpaskeHHBIM
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MuodacialIbHbIM TUIIEPTOHYCOM, MPU ITOMOIIA
OTpeIe/NleHHbIX, MHIUBUIOYAIbHO IOH06PAHHbIX
METOAMK, pacciaabisieT HampssKeHHbIE YUacTKHU,
TPEBOXHOCTb CTAHOBUTCS MeEHbIlIe WM BOBCE
npomnajgaeTr, ¥ BMeCTe C 3TUM HUBEIUPYIOTCS U
OecIIoKosIIyMe 4YejJoBeKa KOCMETHYecKue Hemo-
CTaTKM (37ech HEOGXOOMMO OTMETUTh — peub He
uaet 06 OMOJIOKEHUM, a JIUIIb 06 YCTPaHeHUM 3C-
TeTUUYECKUX BO3PACTHBIX M3MEHEeHU, OCKOAbKY
OIHO 13 OCHOBHBIX IIPUYMH CTApEeHMUSI, SIBJISIETCS
M3MeHeHle TOPMOHAJbHOro ()oHa, a BOCCTAHAB-
JIMBATh TOPMOHAJIbHBIM (POH Py IMOMOIIM KUHE-
3MOJIOTMYECKMX METOAMK, Ha JAaHHbI/I MOMEHT He
MpeACTaBSIeTCS BO3MOKHBIM).

TakuM 06pasoM, KMHE3MOJIOT-3CTeTUCT He
TOJBKO MOXKET YCTPaHUTb ICTETUUeCKMe HeJOo-
CTaTKMU, TTOSIBJISIIONINECS C BO3PAacTOM, HO M HOpMa-
JIM30BaTh ICUX03MOIIMOHAIbHOE COCTOSIHME UeJIo-
BeKka. IMeHHO I03TOMY KMHE3MOJIOT S U SIBJISIeTCS
6a30B0J1 OCHOBOJT 3CTETUUECKOI IICUXOCOMATUKM.

Heob6xomuMo IMOJUepKHYTh, YTO B IIpOLiecce
TpOBeIeHMs CeaHca, y uejioBeka MOT'yT BO3HMKATh
BOCITOMMHAHMS JABHO 3a0bITHIX ¥ BBITECHEHHBIX B
TOJICO3HaHMe CUTyaluif, SMOLIMOHA/TIbHASI peak-
11151 HA KOTOPbIe MOKET CUMJIbHO pa3indyaThbCsl, Kak
MO CTelleHM MHTEeHCUBHOCTM, TaK M II0 3HAKy
(HeraTMBHAsI SMOLMOHAIbHAS PEaKLVsI BOSHUKAET
B pasbl yalle, ueM ITO3UTUBHAS), HO TEM He MeHee,
TocJIe og06HOr0 SMOIIMOHAILHOTIO OTpearupoBa-
HMSI, TPaKTUUYeCK BCce OTMeYaloT omnpefeaeHHYI0
cTerneHb pacciabiaenus. TIcUxopU3UOIOTUSI MbI-
IIeYHOTo paccyiabjaeHusi, B JAHHOM acIleKTe, BbI-
3bIBaeT OUeHb MHOTO BOTIPOCOB, U M3yUeHa Hefo-
CTaTOYHO. MbI MOXXEM YeTKO KOHCTaTUPOBAThb
TOJBKO (aKT: <«3MOIMOHA/JbHAS peakums -—

pacciabneHne», M Kak UCCaeqoBaTeny, paboraeM
HaJ 06bsICHEHMEM 3TOro (eHOMeHa.

Oco6o ciaemyeT pacCMOTPeTh CaMOOIIYIIEHMS
yejIoBeKa B Impoliecce ceanca. OTMeTUM, UTO YeJsio-
BEK B CBOE€Ji TOBCeTHEBHOM KMU3HM, HE 3ayMbIBa-
eTcst 06 OIIYIIEHUSIX B TeJle, IJisk Hero eCTh IBa CO-
CTOSIHUSI «OOJIUT» WIIK «He 6OJUT». Bo BpeMms mmep-
BBIX IBYX-TPeX CEaHCOB, Peaklysl aHaJOTMYHas -
«HOPMAaJIbHO» WJIM «HEe HOPMAaJIbHO», ITO3TOMY B
MepBble CEaHChl, BOCIIOMMHAHMS M, COOTBET-
CTBEHHO, SMOI[MOHA/IbHbIE PEAKIMI BCTPEUAIOTCS
IOCTAaTOYHO peaKo. M Iuiiib roc/ie HECKOIbKIUX Ce-
aHCOB, YeJIOBEK HauMHaeT auddepeHINPOBaTh
omryIieHust (KTO-TO JaKe OIIYIIEHNS OMMChIBAET B
[[BeTax WM 3ByKax), ¥ BOT TOTa M HAUMHAETCS OC-
HOBHas paboTa, gamias HeoOXOAMMbIii HaM 3¢ -
(dexT, TO ecThb UeJIOBEK OCBOOOXKIAETCS OT IICHU-
X03MOIIMIOHA/IbHBIX GJIOKOB, MBIIIEYHbBIX CITa3MOB,
¥ KaK CJIeICTBME 3TOr0, YCTPAHSIOTCS BO3PacTHbIE
3CTeTUYECKME U3MEHEHMUS.
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KINESIOLOGY IN AESTHETIC PSYCHOSOMATICS

Abstract. This article explores the relationship between stress, psychotrauma, neuromuscular reaction and age-
related aesthetic changes on the face and body. The author discusses the influence of negative emotions on muscle
tension and suggests using kinesiology techniques to relax tense areas and eliminate aesthetic deficiencies associ-
ated with the increase. The importance of the psychoemotional state during the sessions is also emphasized and the
emotional reactions and sensations arising during the treatment are discussed.

Keywords: stress, psychotrauma, neuromuscular reaction, myofascial hypertension, age-related aesthetic
changes, kinesiology, emotional reactions, psycho-emotional state, muscle relaxation.
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COIIMOJIOTUA

I'VCEBA Hatanabst HukosnaeBHa
COLIMAaJIbHbIN ITearor «ConuaabHast Mamar,
LleHTp comelicTBUS ceMeliHOMY BocniuTaHuio «Pamgyra», Poccus, r. MockBa

IMPO®ECCHOHAJIBHOE N J)KU3HEHHOE CAMOOIIPEJE/IEHUE
BOCITUTAHHHMKOB IIEHTPA COJIEMICTBUSI CEMEMTHOMY BOCITUTAHUIO

AHHOmauus. [[aHHas Hay4Has Cmamaos paccmMampusaem npoyecc 8XoH0eHus 60CNUMAHHUKO8 8 COYUOKY/Ib-
mMypHOe NPOCIMPAHCMB0 U €20 C853b C camoonpedeneHueM 8 HU3HU U NPOGecCUoOHanbHOL chepe. ABMop onucs-
8aem c8010 poJib nedazoza 6 (GopMuUpo8aHuUl y 80CNUMAHHUKO8 HABLIKOS U yMeHUll, HeoOxo0umsbix 05 8vl60pa
MU3HEHH020 Nymu u npogeccuu. B ocHoge pabomsl ¢ 60CNUMAHHUKAMU JIEHCUM KOMNEMEHMHOCMHbLI n00X00,
Komopwlli K0Uaem uHGopmMayuoHHole, YeHHOCMHO-CMbICI08ble, YieOHO-N03HABAMEIbHbIE, COYUATLHO-MPYJO-
8ble U KoMnemeHYuu JUYHOCIMHO20 CAMOCOBEPUIEHCMB08AHUS. ABMOp 8bidensiem Heo6x00UMOCMb 20MOBHOCIMU
nodpocmkoe K 8b100py npogeccuu u onuceieaem amanst NPOGopUeHMAayUOHHOL pabomst ¢ yUermom 603pacmHbIX
ocobeHHOCmell.

Kntoueswle cnoea: camoonpedenerue, npoeccuoHanvHolli 86160p, KOMnemeHmMHOCMHbIL n00x0d, uHpopma-
YUOHHblE KOMNemeHYUU, YeHHOCMHO-CMbICI08ble KOMNeMeHYUU, YieOHO-N03HABAMelbHble KOMNeMmeHYUlU, COYu-
a1bHO-mpydosbie KOMNemeHyuu, KOMnemeHyuu JUYHOCMHO20 CAMOCO8EPUEHCMB08aH S, NPOGOPUEHMAYUOH-

Has pa6oma, 603pdcmHbole 0cob6eHHOCMLL.

Hpouecc BXOKJIeHUs BOCIIUTAHHMKA LIEHTpa B
COLIMOKY/IbTYPHOE  MPOCTPAHCTBO  Hepas-
PBIBHO CBSI3aH C €ro CaMoollpeJeseHMreM, Kak
SKM3HEHHBIM, Tak ¥ mpodeccroHambHbIM. Mos 3a-
laya Kak rmejarora — ¢hbopMMUpOBaTh Y BOCIIUTAH-
HMKOB YMeHUS U HaBbIKY, HEOOXOMMbIe JIJIST BbI-
60pa XM3HEHHOTO IyTU BOooOIIe 1 mpodeccun B
yacTHOCTH. [J1aBHAs 11e1b MOeit paboThl, TOMOYb
MOIPOCTKAM Y3HATb OOJIbIIE O CBOMX MHTEpecax,
BO3MOXHOCTSIX, CKJIOHHOCTSIX, OCO3HaTh CBOIO
HEMOBTOPMMOCTD, 3ayMaThCsl O CBOeM Ipodec-
CMOHAIBHOM ¥ XKM3HEHHOM ITyTH. B 0CHOBe Moeii
paboThl C BOCIIUTAHHUKAMM JIESKUT KOMIIETEHT-
HOCTHBII MOJXO0Z, UTO M03BoJIsIeT GOPMUPOBATH Y
HUX KOMITETEHI[MM B TPEX BAXKHBIX chepax — JInu-
HOCTHOJA, JesITeJIbHOCTHO ¥ 00pa30BaTe/IbHO

e  yH(bOpMalUVOHHbIE KOMIIETEHIMM (3Ha-
HMe CBOMX WHIMBUIYAIbHBIX OCOGEHHOCTEN,
HajauMume TMpeacTaBleHuit o mupe mpodeccuii,
3HaHMe CTPYKTYPbI ¥ BUIOB MPOGeCcCuOHATbHOTO
06pasoBaHusl);

e  IIEHHOCTHO — CMBICJIOBbIE KOMIIETEHIIVN
(moTpe6HOCTh B BhIGOPE Mpodeccui, YCTOMUMBasT
MOTMBAIMSI K CaM00Opa30BaHMIO, CTpEMIIEHNE K

CaMOpa3BUTUIO, LIeHHOCTHbIE OPUEHTAalUu B OT-
HOIIIeHUM K Tipodeccusim);

e  yueGHO-IO3HABATEIbHbIE KOMITETEHIIUN
(KOTHUTUBHO-JIMUHOCTHBIE: yMeHMe aJleKBaTHO
OIIEHUTh KOHBIOHKTYPY PbIHKA, OCO3HaHMEe TPebo-
BaHMI1 cOLMyMa M yMEeHMe UX aHaJIU3UPOBaTh C
TOUKM 3peHust Ieyeit npodeccuoHaNbHOM aes-
TEJbHOCTY, YMEHME COOTHECTM 3HaHUS O cebe U
3HaHUS 0 MpodeccruoHaIbHO esITeIbHOCTY U Ha
OCHOBe 3TOTO MPUHATH PellleHre 0 BbIOOpe Ipo-
(heccuin; aMOLIMOHATIBHO-BOJIEBBIE: YBEPEHHOCTD B
CBOMX CUJIAxX, BOJIEBAsl CaMOPEryIsiiusl, TTOI0XKM-
TeJbHOEe OTHOIIEHMe K BbIOOPY HaIpaBieHus 6y-
IyIIei mpogecCcUOoHabHOM NesITeIbHOCTH);

®  COLMAIbHO-TPYLOBBIE KOMITeTeHIIUM
(omepaluOHaIbHO-Ie/iICTBEHHbIE: aKTUBHAS XXU3-
HEeHHasl Mo3ULMSA B BbIGOpe IpodeccroHambHOI
cdepsl, CIOCOOGHOCTh K aHAAM3y TPYAOBOI mesi-
TEIbHOCTH, HAIMUMe MPodecCUOHATbHBIX U JKU3-
HEHHBIX TIEPCIIEKTHB; PEry/IsipHbIe: CIIOCOOHOCTD K
CaMOKOHTPOJIIO B TPYIOBO# U ITpOdeCcCUOHATbHOI
JlesITeTbHOCTU B TIpoiiecce TMpodeccruoHaaIbHOTO
caMooIIpeieieHus]);

e  KOMIIETEHIMM JMUYHOCTHOTO CaMOCOBep-
IIEHCTBOBAHMS (crtoco6HOCTD K
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MIPOTHO3MPOBAHMIO, K OCMBICJIEHUIO Pe3yJIbTaTOB
CaMOpa3BUTUSA).

Kaxxaplii BocriMTaHHMK Hatlero LleHTpa, umeer
IpaBO Ha CBOOOMIHBIN BBIGOp Mpodeccun, HO Of-
HOTO XeJlaHMs paboTaTh MO OINpeeNeHHO mpo-
deccun u MHTEpeca K Heit HemocTaTouHO. OCHOBa-
HMYEeM [JIsI CO3HaTeJIbHOrO BbIOOpa Mpodeccun
IOJKeH ObITh 1eJIbI/i KOMILIEKC 3HAHUIi U YMEHUIA,
KOTODBI/i MOXXHO Ha3BaThb T'OTOBHOCTBHIO IO/[I-
pocTKa K BhIOOPY mpodeccun. Takasi TOTOBHOCTh
SIBJISIETCSI Pe3Y/IbTaTOM JJIUTENbHOTO Mefarormuye-
CKM HAaIIpaBJIIEMOTO Ipoliecca mpodeccroHasb-
HOT'O caMooIIpe/ieneHns] BOCIUTAaHHUKOB. B 3TOM
CYThb IearoTMyecKoro acrekTa mpodeccuoHastb-
Holt opueHTanuu B lleHTpe. Urobsl paboTa 1Mo
MPOCBeIlleHNI0 MMeJla TOJOXKUTEeNbHbIE pPe3yilb-
TaThl, OHA ITPOBOAUTCS YMEJIO U C GOJBIINM ITefa-
rOrMYECKUM TaKTOM. [JIaBHBIV TPUHIIUII, KOTO-
PBIM 51 pPYKOBOJICTBYIOCH B paboTe 1o mpodmpocse-
IIeHUIO — CBSI3b ero C ku3Hbi. [IpodopuenTtaiu-
OHHas paboTa C BOCHMTAHHMKAMM OPUEHTUPO-
BaHa Ha GOpPMMPOBaHME Y HUX YETKUX MPEICTaB-
JIeHMI1 0 cBOelt 6ymytieit mpodeccMoHaIbHO Iesi-
TEIbHOCTH, O MYyTSX, afeKBATHOI OIIeHKU CBOEro
YPOBHSI 00pa3oBaHus U MpodeccruoHanbHOM MO -
TOTOBKM IIPY IUIAHMPOBAHMM BO3MOXKHOCTEN TPYy-
IOYCTpONCTBA.

[TpodopueHTallMOHHYI0O PaboTy C BOCIUTAH-
HUKaMM pa3fenniia Ha HECKOIbKO CTyIIEeHe, yun-
ThIBast BO3paCTHbIE OCOOEHHOCTY JIeTei:

IlepBas cTyneHs. l3ydyeHye HanpaBJIeHHOCTU
MHTEPECOB, CIIOCOGHOCTEN, 3M0POBbsI, O3HAKOM-
JeHus ¢ Mupom mpodeccuit (6-10 ner).

Bropas ctrynens. OnpeJe/ieH/ie MUHTEPECOB K
npodeccusiM, HAKIOHHOCTE K pa3IMYHbIM BiIaM
IlesiITeJIbHOCTY Yepe3 pasBUTHUE JIMUHOCTH, YTOU-
HeHle MHTepecoB, CKIOHHOCTel, hopMupoBaHme
3HaHUI, YMEeHUI U HaBbIKOB Uyepes yyacTue B J10-
MOJTHUTEIbHOM 0bpa3oBauuu (10-14 ner).

Tperbsi cTymeHb. PykoBoncTBO mpodeccuo-
HaJIbHBIM caMoolipefesieHneM, GhopMupoBaHue
npodecCMOHANIBHOTO CaMOCO3HaHMS, BbIPabOTKA
M KOppekuus JUYHOCTHBLIX >KM3HEHHBIX IIJIAaHOB
(14-18 ner).

IMpodopueHTanyoHHas pabora B HaileMm LleH-
Tpe BK/II0Yaer:

o [Icuxomornyeckyrw AMarHOCTUKY MHTepe-
coB ¥ TpodeccroHaNbHOM HATPaBIEHHOCTH, aHa-
JIU3 CITOCOGHOCTEN U IMYHOCTHBIX 0COOEHHOCTEIA;

e  bBecennl 0 Mupe npodeccuii, vHGOpMUpO-
BaHMe O CIIPOCe Ha PhIHKE TPya, O TPeOGOBAHUSX,
MpebsIB/IIEMbIX K OIIpelesIeHHO Ipodeccro-
HaJIbHO¥ JesiITeIbHOCTU (Heobxomymast

MOJITOTOBKA, YPOBEHb 06pA30BaHUS, COCTOSTHUE
3[10POBbS);

e  UuHdopmupoBaHue o crmocobax Tpymao-
yCTpOIicTBa (TOCYIapCTBEHHbIE M KOMMEpPUECKME
OUpXM TPYAA, COCTABJIEHUE Pe3loMe, TPYAOBOTO
IOTOBOPA, KaHAJIbI ITOMCKA PABOTHI);

e  Becempl 0 MyTSAX M CIIOCOOAX IOTYUEHMS
obpasoBaHMsl (TUIIBI YUEeOHBIX 3aBeIeHMIi, yCII0-
BUSI TIPMEMA, 110 BO3MOXHOCTU TOcelneHne «JIHs
OTKPBITBIX IBEPEi»);

e  Pa3paboTKy nmpodeccoHalIbHOIO IIaHa U
06CcyskIeHye CII0CO60B ero peaam3alyn.

B paboTe ¢ BOCITUTAaHHMKAMM MCITONB3YIO Pa3-
Hble GOopMbI pabOThI: IMATHOCTUKY, aHKETUPOBA-
HUe, TeCThl, TI0Ka3 Mpe3eHTalui, UHIUBUIYAITb-
HbI€ U TPYMIIOBbIe KOHCY/IbTAIINM, CIOSKETHO-pOJIe-
Bbl€ UTPbI, 9KCKYPCUM, TPYIIIOBBIE IUCKYCCUM,
KeiiCc-MeTOo/bl, MCUXOTMMHACTUUECKUE YIIPaKHEe-
HMSI, METOObI PaboOThl C MPOEKTUBHBIMU PUCYH-
KaMy ¥ CaMOOIMCaHUEM, YIPasKHEHUs, HAIIPaB-
JIEHHbIEe Ha HeBepOATbHYI0 KOMMYHMKAIIVIO U IIp.,
MoceleHue OHel OTKPBIThIX OBEpei pasiMuHbIX
yue6GHBIX YUPesKIeHMI, TpMapoK BakaHcuit. Eciny
BOCIIMTaHHMKA €CTh MHTEPEeC K TOM UM MHOI IIPO-
deccun, TO g MOKa3bIBalo, IJie M KaKUM 00pasom
MOYXHO TIOIyYMTh MCUEPITHIBAIOIIYI0 MHGMOpMa-
M0 06 yUeOHBIX 3aBeIeHMUX M BaKAHCUSIX U KaK
paboratb ¢ atoit MHopmalmeir. [IpuopureTom
IUTSI KaXKOTO BOCITUTAaHHMKA [[eHTpa SBJISIETCS 110~
JyyeHue o6pa3oBaHmsL.

MHo10 paspaboTaHbl ITpodopUeHTAIIMOHHbIE
npe3eHTanyu «B mupe mmpodeccuii». Kaskgast mpe-
3eHTaIsI COMEPKUT CJIEAYIONINIT MaTepuant:

1. 3HaKOMCTBO C TpeAcTaBUTeNeM mpodec-
CUV ¥ C eT0 pabouMM MEeCTOM.

2. Tlompo6Hoe onycaHue GYHKIMOHAA TaH-
HOJ mpodeccuu: 4eM MNPUXOAUTCS 3aHUMAThCS,
3a4eM, /)i Yero 1 Koro.

3. TpeGyemble JuuHbIE U TTPODECCHOHATBHO
Ba’kHbIE KaUeCTBa.

4. Tme MOXHO TMOJYYUTh Mpodeccuio, B Ka-
KMX YUeOHBIX 3aBeIeHUSIX, KaK HOJT0 IJUTHCS
yueba.

5. HackombpKo BoCTpeGbOBaHA [JaHHAsl IPO-
deccus, B TOM umcie ¥ OyayIieMm.

6. Kakne KapbepHble ¥ MaTepuaabHbIe Tep-
CTIeKTUBBI B JAHHOI ITpodeccun.

7. Komy MoxkeT momoiiTv gaHHas mpodec-
cusl.

Llenb TaKuX IIpe3eHTalmit:

e  HampaBuTbh BOCIUTAaHHMKOB Ha OCO3HAH-
HbIl BBIGOP mpodeccum (MbI TOBOPUM O TOM, UTO
BBIOMpPATH Mpodeccrio Heo6X0AMMO He IT0 MOJHO-
CTM U TOMYJASIPHOCTU Cpenu [py3eit, a 1o
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BOCTPeOOBAHHOCTY HA DPBbIHKE TpPYyJa, COOTBET-
CTBEHHO JIMYHBIM BO3MOKHOCTSIM, CKJIOHHOCTSIM U
SKeJIaHU10);

e JlaTh paclmiMpeHHble IpeJCTaBIeHUSI O
pasHoo6pa3sHOM Mupe mpodeccuii, moapobHee
MMO3HAKOMMUT C KOHKPETHBIMU IIpodeccusimu;

e  TIomHATH MMMIK PabOUMX U MHKEHEPHO-
TeXHUYECKUX IPOGeCCuii U CrieluaTbHOCTEN’.

B cBoeit paboTe UCIONb3YI0 pa3inyHble BO3-
MOYKHOCTHU, TIOCellleHMe C BOCIIUMTaHHUKAMU IpPo-
dopuenrtanonHoro MapadoHa «KapbepHblii
HaBuUratop: maciutab ropom». Ilpoekt «Kapbep-
HBIJl HaBUTATOP: MacuITab ropoj» BKIOYAET PSIf,
OTKPBITBIX TOPOACKUX TUIOIMIAIOK JIJIST O0YyUaIOMINX
U pouTeieit, earoros U CrieliaaucToB o6pas3o-
BaTeJbHbIX OPTaHM3alNii C IPUBJeYeHreM IIUpo-
KOTO Kpyra COIMajbHbIX apTHEPOB U paboTona-
Tesieil CTOIMYHOTO pernoHa. BocnuraHHukmM moce-
maau mpogopreHTAllMOHHbIE MacTepCKue — 3TO
MPOCTPAHCTBO [Ji1 KOHCTPYKTMBHOI'O [AMajora,
OTKPBITOE ¥ CBOOOJHOE O6IIeHMe, TIOMAIKN 0
0OMEeHY OITBITOM ¥ JIYUIIMMM TPaKTUKaMM, pac-
[IMpeHue Je0BbIX KOHTAKTOB, a TaKke BbISIBIIE-
He 3¢ deKTUBHBIX pellieHMi1 B cucTeMe mpodopu-
€HTallMOHHO} PaboThbl, OTKPBIThIE TUIOMIASKN /IS
obyuarommyxcst u memaroros «MHuiaTuBa. TBOp-
yecTBO. YcIex», TOPOJCKOI KOHKYPC ITPOEKTOB
«Ilar B mpodeccuto — 2015», hecTuBaIb MYIbTHU-
MeIOUiTHbIX MpoekToB «Ilapag mpodeccuit — XXI
BeK», IeTCKUi mpodopueHTaIlMOHHBI KBecT «I1y-
TemecTBMe B [Opo MacTepoB», eIUHbIN T€Hb OT-
KpBIThIX ABepeli «CTo JOopor — OJHAa TBOSI» U IIP.

Taxke B cBOeit paboTe MCIIOTb3YI0 BO3MOKHO-
CTU IIpoeKTa «TeppuTopust BO3MOXKHOCTE», KOTO-
pbIit TIpeJiosiaraeT OpraHM3alMi0 MepPOTPUSITHUIA
1o mpodopueHTaI M BOCITUTAHHUKOB C MHBAJIN]L -
HOCTBIO U OTpaHMUYEHHBIMY BO3MOKHOCTSIMU 3]10-
POBbBsI, BBISIBIEHME TBOPUYECKMUX CIIOCOOHOCTEIA,
Pa3sBUTUIO TTO3UTUBHBIX MPO(eccCroHaTbHBIX MO-
TUBAIMIL ¥ COMIECTBUIO TPYAOYCTPOICTBA TaHHO
TPYNIbl BOCIIMTAHHMKOB. [IpOeKT HarpaBjieH Ha
IeMOHCTPALMI0 BO3SMOXKHOCTEN KOJIJIEIXKEN B CO-
30AHUU YCIOBUII TpodeCcCUMOHATBHOTO 06pa3oBa-
HUS 1 0OyUYeHMe JINIT C UHBAJTUIHOCTBIO M OTPaHU-
YeHHBIMM BO3MOXKHOCTSIMU 3[I0POBbSI.

B HacTosiiee BpeMsi MMPOBOXY C BOCIIUTAHHM-
KaMM He TOJIbKO IMpodTecTupoBaHme, HO OAVH U3
HauboJee 3¢pHeKTUBHBIX ITOAX0I0B B TPOGOpUeH-
Tanuu — mpodeccuoHanbHas mTpoda. ITOT CrIocod
TOMOraeT MOAPOCTKY Y3HATH Mpodeccuio U3HYTpu
yepes o6IIeHNe C IIPeICTaBUTEISIMY TPOodeccuu u
ydyacTue B TeMaTU4YeCKMX IIPpOeKTax.

Hamr IleHTp cOTpyaHMYAET C 6J1arOTBOPUTENTb-
HbIM (oHAOM «Kpyr», KOTOpble OPraHU3YIOT C

BOCIIUTAaHHMKAMM MacCTep — KJIacChl, SKCKyPCUU U
T.0. [IpoBoasaT kypcel — IloBap, [Tapukmaxep. 1o
OKOHYAHMM OOyUYeHMS], BOCIUTAHHUKM I10Tydat
Ceptudukarel. BosoHtepsl 3Toro ¢oHpga mnocro-
ssHHble TocTu Hamero LlenTtpa. CrtymeHThr MIY
npoBoauau B LleHTpe «Urpsl Bygymiero» 1mo mnpo-
rpamme «IloyeHb», HalpaBIeHHbIe Ha Tpodopu-
€HTaUMIO U COLMaNM3alyio BOCMMTaHHMUKOB. Tec-
HOe B3auMOJelicTBue C BaaroTBOPUTENTbHBIM
donmom «ApudmeTura mobpa» Mo peanusaiuu
nporpamMmbl  «Kommac», B pesyibTaTe KOTOPO¥
paspabaThiBaeTcs 06pa3oBaTeIbHO-IIPOGheccuo-
HaJAbHBI MapuIpPyT OJiI BOCOMUTAHHMKA. 3amgaya
nporpamMmbl «Kommac» — momoub pebGeHKy pac-
KpPBITh CBOJ ITOTEeHLIMA, IIPUHSITh M OCBOUTH COO-
CTBEHHYIO CBOGOAY M OTBETCTBEHHOCTh 3a KU3-
HEHHbIe BHIOODBI. [IJIST YYACTHUKOB 3TOTO MTPOEKTA
NpeLyCMOTPEH KOMILJIEKC TICUXO0JI0TUYECKUX U CO-
LIMaJIbHO-TIelarOrMueCKUX TPEeHUHTOB, PsiJ COLM-
aJbHBIX P06 ¥ TTPOGOPMEHTALVIOHHBIX 3KCKYP-
cuii. B pamMKkax JAHHOTO IPOEKTa BOCIIMTAHHUKU
IOCEeTUJIM TOPOJ MacTepoB «MacTepciaBiib», Iae
03HAKOMWJIMCh C pasHoobpasmem mpodeccuit u
BO3MOXHOCTelt B OymymieMm. B urposoit dopme
CMOTJIM OCBOMTb HECKOJbKO Ipodeccuii, B TOM
ynucie paboTy oduIMaHTa, MOpoAaBlia, Mep-
YyeHai3epa.

VBiekaTenbHbIMMU ObLTM 3KCcKypcuu B MUC.
BocnuTaHHMKM He TOIBKO MO3HAKOMUIIUCH C TIPO-
(deccueit cmacarens, HayuWJIMCh OKa3bIBaThb
TepByI0 MOMOIIb MPY HECYaCTHBIX Caydyasx, I0-
cMoTpenu ¢uiabM 06 3Toi mpodeccuu, MPOILIN
CJIOKHBbIE UCHBITaHMUSI. BHMMAaTENbHOCTDb, YMEHME
OPMEHTUPOBATbCS B MPOCTPAHCTBE, YMEHUE Je-
JIaTh BBIBOJIbI U TIPaBUIbHO 33/1aBaTh BOIIPOCHI T10-
MOTJIY YYaCTHUKAM UCITIbITAHMIA.

CoTpymumuku otTenst «PeHeccaHc» pagyIlHO
BCTPETW/IM HAllIUX BOCOUTAaHHMKOB, TTO3HAKOMMUJIU
¢ npodeccueit otenbepa, MPOBeaU SKCKYPCUM TIO
TOCTUHMUIIE.

OskumaemMble pe3ynbTaThl MO€i pabOThI:

e  [ICUXOJIOTMYEeCKasi TOTOBHOCTb BOCIIUTAH-
HUKOB IIEHTPa K CAMOCTOSITeIbHOMY TTpodeccuo-
HaJIbHOMY BBIOODY;

e  HaJNYMe MO3UTUBHO OPUEHTUPOBAHHBIX U
OCO3HAHHBIX MPOQeCcCUMOHANbHBIX IIJIAHOB, U
MpeJCTaBAeHU O ITYyTSIX UX peanu3aliumu;

e  TOTOBHOCTb K YCTAaHOBJIEHUIO NOOpOsKea-
TeJIbHbIX OTHOLIEHU CO B3POCABIMU U CBEPCTHU-
KaMy B MMUKPO- ¥ MaKpoCOIIMyMe; TOTOBHOCTb K
BXOXJEHMI0 B HOBOE COILMOKYJIbTypHOE MpO-
CTPaHCTBO.

Kak M3BecTHO, AeTu — CUPOTHI U JI€TU, OCTaB-
muecst 6e3 MOTIeUeHUs] POJUTENel, - CIOXKHAS U
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crienduyeckasl rpyrma ydammxcsl. Yke ¢ MiIa-
JleHYeCKoro Bo3pacTa OHM aBTOMAaTMUeCcky Iora-
IalOT B «TPYIIIY PUCKa».

Ecau B paHHMiT Tlepuofi AeTCTBA Y OOBIUHOTO
peGeHKa, BOCIIMTHIBAIOIIETO B CEMbe, 3aK/IaIbIBa-
I0TCS (yHOaMeHTA/IbHbIE KadyecTBa JIMYHOCTH,
hopMUPYIOTCS TICUXOJIOTUYECKAST YCTONUYMBOCTD,
OCHOBBI TIpeJicTaB/eHNIt 0 HPaBCTBEHHbIX 1JeHHO-
CTSIX, XM3HECIIOCOOHOCTD U 11eJIeyCTPEMIIEHHOCTD,
TO pasBUTHE pebGeHKa-CUPOThI MMPOUCXOAUT C 3a-
IIeP>KKOi IO BCeM OCHOBHBIM HallpaBlIeHUSIM
(ceHCOPHOMY, pe4YeBOMY, WHTe/JIeKTyaJlbHOMY,
Mo3HaBaTebHOMY, apdeKTMBHOMY U Ap.). Takue
0COOEHHOCTY pa3sBUTHUS IPOEILMUPYIOTCS Ha CU-
CTEeMY OTHOIIEHUI CUPOTHI C OKPYKAIOIIUM MMU-
poMm. B xode manbpHeiilero pasBUTUs OTCTaBaHMeE
TOJIbKO YBEJIMUMBAETCS, UTO MPUBOIUT K BO3ZHUK-
HOBEHMIO ¥ pebeHKa CBOe0Opa3HOTO «KOMILIeKCca
CUPOTBI» TI0 CPAaBHEHUIO C JIETbMM, BOCITUTHIBAIO-
IIMMMCS B 6J1arOTIOTYIHBIX CEMBSIX.

UccnemoBaHusi MOAPOCTKOB B yUpeKAEHUSIX
mHTepHaTHOTO TuMa (U. B. lyépoBuHa, A. M. ITpu-
xoxaH, H.H. CaBuHa, H. H. ToncTeix 1 Op.) cBUAE-
TeJIbCTBYIOT 00 OTCYTCTBUM Y HUX MHTEpeca K 00y-
YeHUI0, HESKeJIAaHU U T10JTyYaTh IMpodeccruoHaabHOe
ob6pa3oBaHMe, OTCYTCTBUM KU3HEHHBIX IJIAHOB B
cpenHeli U gaabHel repcrnekTuBe. JleTu — CUpOThI
yale BCEro 3aBhIMIAIOT UM 3aHMKAIOT CBOU BO3-
MOKHOCTM B PEIIEHUM BO3HUKAIONIMX ITPOo6IeM,
YTO 3aYacTyl0 MPUBOAUT K HeaJeKBaTHOCTU BbI-
6opa [esTeTbHOCTY, HECOOTBETCTBUM IPEACTaB-
JleHnit o cebe peasbHBIM BO3MOXKHOCTSIM, HaJM-
YMI0 OrPaHMYEHHOr0 Kpyra obuieHus, GopmMupo-
BaHMIO HeaZeKBaTHOM CaMOOIIEeHKM.

B cBoeit paboTe 1o npodopueHTalu I cTapa-
10Ch HATU MHAVBUAYAJIbHBIN MOIX0/ K KAXKIOMY
BOCIIMTAHHUKY, TIOMOUYb KaskAOMY ITOJITOTOBUTHCS
K CaMOCTOSITeJIbHOM XM3HM B OOIIECTBE, B KOTO-
poM He OGyIeT yKe HU BOCIIUTATENEeN, HU yUUTe-
Jieii, pelralomux Bce KM3HEHHbIe POOJIeMbl CH-
POTBI, KaK B TepUOJl HaXOKIeHMS U TIPOKUBAHUS
B LIEHTpe.

5 paborai B rpymie KBapTUPHOTO TUIIA, IJe
MPOKMBAIOT Pa3sHOBO3PACTHbBIE JETU - OT 2-X [0
18-Tu s1eT, pa3HOYpPOBHEBbBIE, PA3HOTIOJIbIE U, €C/IN
YUUTBIBATH, UTO CIIMCOK BOCIUTAHHUKOB MOXET
TTOJTHOCTBIO MEHSITHCS 3a ['OJT He OIMH pa3, TaK KakK
IJIaBHAas 3a/a4a HaIlero yUYpeskaeHusI — 9TO IOJ-
TOTOBKAa [ETEeN-CUPOT K YCTPONCTBY B CEMbBIO.
IMpuxoaAnuTCsT CTPOUTH CBOIO PabOTy TakK, UTOOBI
ObLI0 YIOOHO BCEM BOCITUTAHHMKAM, UTOOBI HUKTO
He ocTajcsl 6e3 HY)XKHOro BHMMaHMS. X0uy IIO-
IPOOHO OCTAHOBUTHCS Ha paboTe ¢ MOAPOCTKAMMU
no «[IpodeccoHabHOMY ¥  KM3HEHHOMY

camoornpeaenenuio». Ecim g miaHupyio paboTy ¢
MOAPOCTKAMM, TO MJajliue OeTU 3aHSThl C I0-
MOIIHUIIEN WU C COLMIbHBIM IeJarorom Opyrom
KBapTUphl. Ha JaHHBIT MOMEHT B KBapTHUpe IIpo-
SKMBAIOT TPU MOJPOCTKA, TaK Ke MPUT/Ialla Mo -
POCTKOB M3 IPYTUX T'PYII, NPU 3TOM YUYUTHIBAIO
0COGEHHOCTYU KaXK[IOro, CTapaloCch HaiTHU OO
SI3bIK C TIOAPOCTKOM, 3aMHTEPeCcoBaTh €ro, CTaTh
TaKMM, KaK OH, He BO3BbIIIIAs Ce6s 1 He IpUHIMKAS
€ro Kak JIMYHOCTb.

BocruTaHHMKYM Halllero LeHTpa pas3/invaroTcs
I10 XapaKkTepy MMpobjeM, ¥ B COOTBETCTBUM C STUM
MOSKHO BBIAEIUTD C/IeAYIol/ie KaTeropun:

1. Hmerouwjue 3a0epiucKy ymMCIM8eHHO20 pas-
eumusi, njoxo obyuaemvle, NACCUBHO-8edOMble.
Ijig gaHHOW KaTeropuu BOCIMUTAHHUKOB Xapak-
TepHbI Clenyloliye MPU3HAKK: HU3KUI YPOBEHb
MHTEJUIEKTYaJTbHOTO Pa3BUTUSI; OTCYTCTBUE TBOP-
YyeCKOro MOTeHIIMaNa, Hu3Kast 00y4aeMOoCTb, SIBJISI-
omasicsl  cJIeACTBMeM  Hec(opMMPOBAHHOCTU
y4e6GHbIX YMEHMIT; HM3Kas MM03HaBaTeIbHAS KOM-
MeTeHTHOCTh; IMUHOCTHAS TPEBOKHOCTD, OTIpese-
JISTIOIIASICS 0COOEHHOCTSIMM OTHOILEHUS K cebe u
YPOBHEM CAMOIIPUHSITUS; SMOILMOHAIbHBIN TUC-
KomdopT; HegoBepue K JIOASIM; He3aJalTUBHOe
TOBeJIeHNe, CBSI3aHHOE ¢ HeC(OPMUPOBAHHOCTHIO
TPYIOBBIX HABBIKOB, YMEHMS MIPe0I0eBaTh TPy -
HOCTM; Hec(hOPMUPOBAHHOCTb HPABCTBEHHOI
chepbl JIMUHOCTH; OTCYTCTBME 3HAHUII O Mupe
npodeccuit, OTCyTCTBME HAMEPeHMI, CBSI3aHHBIX C
BBIGOPOM mpodeccuu U MpodeccruoHaabHOM ges-
TeJIbHOCThIO, HETaTMBHOe OTHOIIeHKe K Tpodec-
CMOHAJIBHOMY BBIOOpY, OTCYTCTBUE Hpodeccuo-
HaJIbHBIX MIPUTS3aHU, HE3HAHME CBOUX MHIVBU-
IyaJIbHbIX BO3MOSKHOCTE}, OTCYTCTBME OIIbITA B
npodeccruoHanbHOM OesSTeNbHOCTH; HeyMeHue
CTaBUTh 1IeJM, IIPOEKTUPOBATh U MOJIeJIUPOBATD
IyTU UX JOCTUKEHMS; OTCYTCTBME CTPEMIIEHUS K
camopean3alnuu.

2. Hmerwwue HapyuleHus 6 JAUYHOCINTHOM
paseumuu, Cy¥eHHyl0 8peMeHHYI0 nepcnekmuey
0ydyuiezo (dcusyujue «Ce200HAUIHUM OHeM»). ITa
KaTeropusi BOCIUTAaHHUKOB XapaKTepu3yeTcsl He-
YI0OBJIETBOPUTEbHOCTDIO KM3HbIO; BBICOKOJ JINU-
HOCTHOJ TpPeBOXHOCTbIO, CBSI3aHHOW C OTCYT-
CTBMEM KM3HEHHBIX CMbICJIOB; HMU3KOM aKTUBHO-
CTBIO B TPYIOBOJi U OOIIECTBEHHO-ITIONE3HOI JTesi-
TeJIbHOCTH ; OTCYTCTBMEM PO eCCUOHATbHBIX I1e-
Jieit U TUIAaHOB; HErOTOBHOCTBIO K IPOJIOJIKEHUIO
o6pa3oBaHMsl; HU3KOM MOTPEOHOCTHIO B Mpodec-
CMOHAJIBHOM camoorpefeneHun; Hechopmupo-
BaHHOCTBIO MTPOodeccruoHaaIbHOM BpeMeHHOI Iep-
CTIEeKTUBbI; HeCHOPMUPOBAHHOCTBIO OPUEHTUPO-
BOYHBIX, TTOUCKOBBIX, MPOEKTUPOBOYHBIX,
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aHAMUTUYECKUX YMEHUIi; HeKOMITIETeHTHOCTBIO B
CUTyallMM BbIOOpA; HETOTOBHOCTBIO K B3pocCiie-
HUIO.

3. XapakTepu3ywlluecsi HU3KOM COLMasb-
HOJT MOTUBaLMel, MpeobiajaHeM acoLaTbHOTO
WJIX PUCKOBAHHO-3alUTHOTO ToBeAeHus. JlanHast
KaTeropusi BOCIIUTAaHHUKOB MMEIOT TaKue Xapak-
TEPUCTUKY, KaK JIMYHOCTHAS] TPEBOKHOCTD, SIBJISI-
IO1LAsICS pe3yJIbTaTOM HU3KOI COLMAIbHOI MOTH -
BalluM; HEYMeHMe YCTaHaBIMBAThb MEKIUUHOCT-
Hble KOHTAKThI B Ipollecce yueGHOM HesaTesbHO-
CTU U HU3KME, BCIECTBME 3TOro, MoKa3aTeau B
yuebe; HeyMeHMe YCTaHABIMBATb KOHTAKTHI B M-
POKOJi COLManbHOI cpelie U, KakK CJIeICTBUEe, HU3-
Kas To3HaBaTeJbHAass KOMIIETEHTHOCTb; TPYIHO-
CTU B COLMAIbHOM B3aMMOZEICTBUM, COIPOBOXK-
Jarolyecss HeraTUBHBIM OTHOIIEHMEM K OKpYyXKa-
I0IMM JIIO[ISIM; OTpPUILIATe/JIbHOE OTHOIIeHue K
npodeccuoHaabHOM  esITeIbHOCTM; HEroTOB-
HOCTb K IPOJO/IKEHNIO 00pa30BaHMsI; 3aBbIIIEH-
HBIIi WJIM 3aHVKEHHBI YPOBEHb PO eCcCUOHAaTb-
HbBIX MIPUTSI3aHUI; HU3KUIA YPOBEHb OTBETCTBEH-
HOCTU 3a cBoe MpodeccruoHalbHOe U XU3HEHHOe
caMoOIIpeeneHHeE.

[Ipurnaniasi BOCHUTAaHHUKOB U3 IPYIUX KBap-
TUP, YYUTBHIBAKO HAIMUME PA3HbIX KATErOPUil OJ, -
POCTKOB ¥ 10 BO3MO>KHOCTY KOMIIIEKTYIO TPYTIIIbI
B COOTBETCTBMU C HUMMU, HAbuUpas meTeit Co CXOf-
HBIMM TTpOGIeMaMu.

[Ipn opraHmsanum 3aHSITUI C BOCHUTAHHU-
KaMM TIepBOJ KaTeropmMm yhaensiio BHMMaHKe Ha
dbopmupoBaHue y HUX 3HaHUI, yMeHU, HABbIKOB,
KOMITETEHIINIA, CBSI3aHHBIX C CUTyalMeil BbIOOpa
npodeccuu U SKM3HEHHOTO ITYTY B 11€JI0M; Pa3BU-
TUIO UX BOJIeBOI cdepbl; MOMOIIM B OCO3HAHUMU
MHAVBUAYAJIbHBIX BO3MOKHOCTEN; (opmMMpoBa-
HMIO HAaBBIKOB IleJIenoyiaraHusl U IPOeKTUPOBAHUS
cBoero npodeccMoHaTbHOTO OYAyIIero.

Co BTOpOIt KaTeropmei BOCIMTaHHUKOB O0JIb-
IIoe BHMMaHMe Hampasisio Ha dhopMuUpoBaHMe
SKM3HEHHBIX CMbBICJIOB, MpPodecCroHaTbHBIX Ile-
JIeil, BpeMeHHO1 ITepCHeKTUBbBI OYIYIIEero, a TakxKe
OPMEHTUPOBOYHBIX, MOMCKOBBIX, IMPOEKTUPOBOYU-
HBIX, aHAJIMTUYECKUX y'MeHI/If/‘I myTeM BK/IIOUEHUS
YYaluxcs B pa3auIHble BUAbI IPAKTUUECKOI fes-
TEJIBHOCTU  (MCCeIOBATEeNbCKOM, TMOUCKOBOIA,
TIPOEKTHO U Ip.).

B paboTe ¢ mogpocTkaMu TpeTbeil KaTeropuu,
CUYMTAI0, UTO TMIPUOPUTETHBIM AOJIKHO CTAThb 00Y-
yeHMe yJyaluxcsi HaBbikaM 3G (PeKTUBHOTO B3au-
MOJIeICTBUS C OKPYXAIONIMMU JI0abMI; HopMu-
poBaHMe MOJIOKUTETbHOTO OTHOIIIEHUS K pa3iny-
HBIM BUZAM IPOGEeCCHOHATBHON AesSTeNbHOCTH;
OCO3HaHMe CBOMX MHAUBUIYATbHBIX CKIIOHHOCTEN

M BO3MOXHOCTel B xojie OpMMUPOBAHUST peayn-
CTUYHOTO YPOBHS IIPUTSA3aHMIi; HOpMMUpOBaHME
OTBETCTBEHHOCTM B ITPOLIECCEe IPUHSTUS peleHni
M CIIOCOOHOCTEN K aHAIM3Y UX TIOCIeICTBIIA.

Takum o6pasom, paboTas ¢ KaXXOmoil KaTero-
pyeil BOCIUTAaHHUKOB OyIeT MMEeTh CBOIO CHEIN-
(buky. B maaHax 3aHSTUII TT0 TTOATOTOBKE BOCIIM-
TaHHMKOB K ITpodeccruoHaIbHOMY caMooIpeee-
HUI0O MpefCcTaB/ieHbl YIpakHeHUs], KOTOpbIe
MOSKHO BKJIIOUaTh B pabOTy C pa3sHbIMM MOJPOCT-
KaMM, HO OTGOP [IJisl JaHHOJ KOHKPETHO IPYIIIbI
MMPOM3BOAUT COLMANbHBINA Iemaror. TOIbKO cam
remaror, OoToupasi IMOAPOCTKOB Ha 3aHSITHE, pe-
naeT, Kakue yrpaskHeHUs OymeT MPUMEHSITb ISl
IOCTVDKeHMsT 1iejieli M 3amay 3aHsITUS, CKOJIbKO
BpeMeHM GyeT MOTpavyeHo Ha OTpaboTKy Ipue-
MOB ¥ HaBBIKOB yYalIMMMCs, Kakyo (opmy pa-
60TBHI C IMOJIPOCTKAMY BbIOPATD.

B cBSI3M € TeM, UTO yCBOeHME TeopeTUUeCKUX
3HaHUI MO MpodeccMoHaTIbHOMY CaMOOIIpeaese-
HMIO IJIS1 BOCIMTAHHMKOB MOXKET ITPeACTaBISITh
3HAUNUTETbHYIO TPYOHOCTD, SI TIPOBOXY JOTIOHM-
TeJIbHbIE MHAVBUAYAJIbHBIE 3aHSITUS C KasKIbIM
MOJIPOCTKOM, a HeIoCpeACTBEHHO IMpaKTuueckue
3/IeMeHTbI, KOTOPbIe YCITeIIHO OCBOEHbI, peain30-
BBIBATbh B IPYIIIIE.

Bonbilioe BHMMaHMe YOSl YIPaKHEHUSIM,
HaTlpaBJeHHbIM Ha CaMOaHaaMU3 U CAMOOIIeHKY, B
OCHOBE KOTOPBIX JIESKUT ITOCTAaHOBKA BOITPOCOB:
«KTo 1?», «Kakoii s1?», «Kakum 51 cTaHy ?» U T.1I., TaKk
KaK OHUM MMEIOT TITyOMHHOe 3HaUeHue ISl BOCIIU-
TaHHMKA. BO3MOXHO BO3HMKHOBEHME BaXKHOIA I1e-
PeIOMHO CUTyalMM, KOTAa MOAPOCTKY, TPUBBIK-
1emMy OTBe4aTh IMPAaKTUUYECKM Ha BCe XXM3HEHHbIe
BOIIPOCHI TPYIITIIOBBIM «MbI», TPUXOJUTCS TIPUHU-
MaTh CaMOCTOSITEJIbHOE pellleHue, Kacaloleecs
TOJIBKO €ro CaMOro, ero COOCTBEHHOro «S» B
HACTOSIINI A MOMEHT U B OyayiiemM. PyKOBOICTBO
BBIITOJTHEHMEM TaKMUX YIIPaKHEHUIT TpebyeT OT
MeHsI HauboJ1ee TIaTe/IbHO OArOTOBKY, TaK XKe,
Kak ¥ MpoBe/ieHNe TPYNII0BOrO aHaM3a, OpraHu-
3alMsI TaKOW «0OpaTHOI CBSI3U», KOTOpasl He
HaHecs1a 6bI TICUXOJIOIMYECKOr0 Bpela BOCIIMTaH-
HUKY, a, HA060POT, MO3BOIMIA OBl €My OCO3HATh
MPOUCXOJISITIIME BHYTPU HEro ¥ BOKPYT Hero Ipo-
1IeCChl, pa3BUTh HABBIKM CaMOaHaIn3a, HayuuThCsl
TOBOPUTDH O cebe, 3asIBJISITh O cebe, TOPIAUTHCS CO-
60i1.

B 3aBUCUMOCTY OT TICUXOJOTUUYECKUX OCOOEH-
HOCTEei BOCIIMTAHHMKOB S BbIOMPAIO pas3jIuMuHbIe
yIIpaskHEeHM s, YUUTHIBAI0 MHAMBUIAYJIbHBIN TeMI
PaboThI KAXKIOr0 BOCIIUMTAHHMKA. [IpakTHKa IOKa-
3bIBa€T, YTO BOCIMUTAHHUKM MOTYT B 3HAUMTEJIb-
HOIl Mepe OTJMYAThCSl APYT OT JApyra Mo TeMITy
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ocBoeHMst MmaTepuana. OmHM 0CBauBalOT MaTepual
ObICTpee, BCJIEICTBIME YET0 BPeMsI Ha BbITIOJIHEHME
3aJaHMii BBICBOOOKAAETCS. B TakOM cityvae o Ie-
pepacIipeZiesisiio ero Ha Jpyrue yrnpaxHeHus), 60-
Jiee CJIOKHBIE I10 CBOE# IMHaMMKe U COmepsKaHMIo.

W3 Bcero cKasaHHOIO ITOHSITHO, YTO JOCTMKe-
HJe pe3yJbTaTOB PaboThl 3aBUCUT HE TOJBKO OT
YCWINIT BOCOUTAHHMKOB, HO B 3HAUYMUTEJNbHONI
Mepe OT MO€ero I0/IXo/ia K INIaHMPOBAHUIO U ITPO-
BeJIeHMIO 3aHSITUI MO IIOJTOTOBKE BOCIUTAHHU-
KOB K ITpo(eCCHOHATbHOMY Y JKM3HEHHOMY CaMO-
ompee/IeHNI0, K CaMOCTOSITEIbHOM KU3HU B 06-
IecTBe.

Tema, BbIOpaHHAs B CTaThe, IMEET CBOIO aKTy-
QJIbHOCTb B HacTosllee BpeMsa. Ha moit B3risn,
BHeZpeHyue pa3paboTaHHbBIX (OPM U METOIOB
MpodOpMUeHTALMMOHHOM paboThl, MPOBOAUMOIL C
BOCIIMTaHHMKAMM, IIOKa3bIBAeT II0JIOKUTE/IbHbIE
M3MeHeHUs B CQOpMMPOBAHHOCTH Y BOCITUTAHHM -
KOB CITOCOGHOCTM K IMpodeccuoHaIbHOMY CaMO-
oIrpeeaeHNIO.
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PROFESSIONAL AND LIFE SELF-DETERMINATION OF THE PUPILS
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Abstract. This scientific article examines the process of students' entry into the socio-cultural space and its
connection with self-determination in life and professional sphere. The author describes his role as a teacher in the
formation of pupils' skills and abilities necessary for choosing a life path and profession. The basis of work with
pupils is a competence-based approach, which includes informational, value-semantic, educational-cognitive, so-
cial-labor and personal self-improvement competencies. The author highlights the need for teenagers to be ready
to choose a profession and describes the stages of career guidance work taking into account age characteristics.
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