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bNUOJIOT U A

SAHTYPUHA Apenuna PumartroBHa
CTyAeHTKa KadeIpbl pacTeHMEBO/ICTBA, CEJIEKLIMYM PACTEHMI ¥ OMOTEXHOIOTHIA,
Bamkmpckuit rocygapCcTBeHHbBIN arpapHbIil yHUBepcuTeT, Poccus, 1. Ya

YKOPEHEHUE MUKPOKJIOHOB CUPEHU OBBIKHOBEHHOI

AHHomauuﬂ. B cmameoe paccmampueaemcss onmumudayusi 9manoe KJi0OHAJ1bHO20 MUKPOPA3MHOMEHUS COP-
moe cupeHu 00bIKHOBEHHOII U OUEHKA Uux nomeHyua/ia pasmHOMEHUA 8 yCiosusx in vitro.

Knrouegsle cnoea: MukpopasmHoxceHue, MUKPOKJIOHbL, 0€320pMOHANbHAS Cpeda, YKOPEHIeMOCMb, CIePULIU-
3ylouiue dzeHmol, numameasHas cpeda, IKcnaawm, duauud, OUHOKYASD.

B CBSI3M C TPYOHOCTSIMM BereTaTMBHOTO pas-
MHOXXEHMS HEKOTOPbIX ILIeHHbIX COPTOB CU-
peHM OHM ITPaKTNUYeCKN OTCYTCTBYIOT B IMTOMHI -
KOBOJTUECKUX X0351CTBaX, UeM He TObKO OTPaHM-
YMBAETCS PacIpocTpaHeHye UX B KyJbType, HO U
BO3HMKAeT peajbHasi OMACHOCTb yTepu I[eHHbIX
COPTOB, YTO MOXET IIPUBECTU K 00€THEHNIO I'€HO-
¢douma. CremoBaTelbHO, BO3HMKAET HEOOXOmM-
MOCTb B pa3paboTKe CIIOCO60B Pa3MHOXKEHMS CU-
peHu, KOTopble ObLIM Obl YHUBEPCATbHBIMU IJIS
BCEX COPTOB ¥ MO3BOJIMIN ObI CO30aTh peHTa6eIb-
HYIO TEXHOJIOTUIO ObICTPOTO BOCITPOU3BOICTBA I10-
cafiloyHOTO MaTepuana [3, c. 205].

C mnoMolIbI0 TEXHOJOTMM in Vitro MOKHO
OBICTPO IOMYUYUTh HEOOXOAMMOE KOJIMUYECTBO pac-
TEHMII HOBOTO COPTa WJIM COXPAaHUTh KOJUIEKLIMIO.
B HacTosiee BpeMs B TEXHOJIOTUY MUKPOPA3MHO-
SKEHUSI CMPEHM OCBeIlleHbl OTIe/NbHbIE 3TATIbI, OfI-
HAKO OHM He OTBEYAI0T TPEeOOBAHMSIM, TTPEIbSIBIIS -
e€MbIM CeJIeKIIMOHepaMM M MUTOMHMKOBOAAMMU K
MOJIyYeHUI0 KaueCTBEHHOrO I0CaJlOYHOTO MaTe-
puasa. [TpakTMyecku Ha BCeX Tallax pasMHONXKe-
HMSI BO3HUKAIOT CJIOSKHOCTY, CBSI3aHHbIE B ITEPBYIO
ouepeib C 6MOIOTUYECKMMY OCOOEHHOCTSIMU CU-
peHu. B CcBSI3U € 3TUM ONMTUMM3ALMS ITAMOB KO-
HaJIbHOTO MMUKPOPA3MHOXKEHMS OTHebHBIX COp-
TOB CMpEeHY MMeeT 0CoOYI0 aKTyaJIbHOCTH [2, c. 41].

WccnegoBannsi MpoBOOMINCh B JIabopaTopuu
MUKPOKJIOHATbHBIX TEXHOIOTUII I MEPUCTEMHOTO
pa3MHOkeHMs pacteHuii baml'AY B 2022 rr.

OG6BEKTHI MCCIeTOBAHNI: CUPEHb 0OBIKHOBEH-
Hasi coptoB KpacaBuiia Mocksbl, Hagexmga, Muc-
cuc 3aBapd XapAuHT.

MeTomoormueckoit 6a3oii uccieqoBaHus o-
CTYSKUIM paboThl OTEUECTBEHHBIX M 3apyOesKHbIX

YUEeHBIX, 3aHMMAaIOIIMXCS MpobieMaMu 6M0TeXHO-
soruu pactenuii - byrenko P I, Beicoiikoro B A, Ka-
taeBoii H B, Kanamuukosoit E A, Hartmann HT,
Graham C, u nip

B kauecTBe CTepM/IMM3YIOIIMX aT€HTOB UCIIO/b-
30BaJIN:

1. PactBOp gnanuma

2. Ilepekuch Bogopoaa 3%

3. Tunoxnopurt Hatpus 40%.

Ha sTanmax KJIOHMPOBaHUSI CUPEHU UCIIO/Ib30-
BaJIM nOuTaTenbHyl cpeny KsopmHa-JlemyaBpa
(QL)

[ aram (BBemeHMe B KyabTypy) — QL 6e3 ropmo-
HOB;

II sran (pasmHoskeHue) — QL ¢ mobGaBieHueM
rOpMOHAa LIUTOKMHMHOBOTO psaga 6-BAII (1,0 mr/n);

III aram (ykopeHeHue) — QL 6e3 TOpPMOHOB.

MaTOYHUKM COPTOB HAXOHSITCSI B MUTOMHMKE
JlanpmadTtHoro neHtpa M3ympynHsiit ropon. Ma-
Tepuas IJisl BBeIeHMs B KyJIbTYpY in vitro 6611 0TO-
6paH 15 HOsI6Ps 2022 T.

OTo6paHHble 00pasibl (BETKM CUPEHU) MbI
OCTaBWIM B JlabopaTopuu B BOAY UTOO ITOUKU
HaOyxJIM ¥ Ha4aIu MPO6YKIAThCsI. DTO 3aHSIIO 3-4
TIHSL.

J1st mocaiky Ha MUTATENBHYIO Cpely UCIOMb-
30BaJIM BepXYyIIeuHbIe (TeHepaTUBHbIE) 1 60KOBbIE
nouku (BereTaTuBHbie). CHauasa Mbl IPOMBIBAINU
BETOYKM TMPOTOYHON BOAOMNPOBOMHONM BOOOI, 3a-
TeM Cpe3aJii C HUX MOYKM CO IUTKOM. 3aTeM B Jia-
MMHape TMPOCTEPUIIIM30BaIN TTOYKU B pacTBOpe
ouauuga 6 MMHYT, Nepekucu Bomoponaa 3% (10
MUH.), TuIoxjoputa Hatupus 40% (5 MuH.) C T0-
cilenywuieil TpexXKpaTHOM IIPOMBIBKOW CTepUJib-
HOW OVICTWJIMPOBaHHOM BOLoii. [Iocie sTOro nop,
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OMHOKYJ/IIPOM BBIIENUIM MEPUCTEMY U3 MOUYEK U
Mocaguiiy Ha IUTaTeabHyIo cpeny QL 6e3 ropmo-
HOB. Uepes 10 nHel TpOHYBIIMECS B POCT MEPU-
CTEMKU TIepecayiv Ha Cpeay /sl pa3MHOXKEHMUS.

V3 Tpex MCIBITAHHBIX HAMM CTEPUIUIYIOUINX
areHToB Haubosiee 3 PEKTUBHBIM OKa3aJICs Iua-
1M, B 5TOM BapyMaHTe 4YacTOTAa KOHTaMMHAIUK
BapbupoBasia oT 2,5% mo 5,0% 1 OTCYTCTBOBAJIO
MOBpEXXIEeHNEe SKCIUIAaHTOB. BTophiM mo 3ddex-
TUBHOCTM OKasajCs pacTBOpP TUIIOXJIOPUTA
HaTpus, 4aCTOTa KOHTaMMHALlM B 3TOM BapMaHTe
BapbupoBaia oT 7,9% mo 9,3%, HO maHHBINA pac-
TBOP OYE€Hb arpecCMBEH ¥ BbI3bIBAJ IIOBPEKIAEHMS
9KCIUIAHTOB, MIO3TOMY KOJIMUECTBO KM3HECITOCO6-
HBIX 9KCIUIAHTOB B 3TOM BapMaHTe MUHMMAaIbHOE.
[Tpu 06paboTKe IKCIUIAHTOB 3% TePeKUChI0 BOAO-
poIa TMOBpEXIOeHUSI OTCYTCTBOBAIM, HO JAHHBIN
pacTBOp He OKa3aJl HeO6XOOMMOTO CTepPWIN3YIO-
mero 3ddekTa, cTemeHb 3apakeHUss B 3TOM

BapuaHTe OblJIa 3HAUMTENbHO BBIIIE, YEM B APYTUX
" BapbMpoBasa ot 25,5% no 37,8%.

Ha pocT pacTeHnii B BBICOTY CTEPU/UINSYIOLIME
areHThl BAMSHUS He OKa3bIBaju, 3[IeCh POJIb ChIT-
panmu copToBble ocobeHHOCTM. Camble KpPYITHbIE
nmo6eru ¢popMupoBaInch y copra Muccuc dnBap/,
Xappuur (12,3MM), a caMmble Menkue y copta Kpa-
caBu1ia MockBbI (6,7MM).

Hammu uccnemoBaHusi mokasaiy, 4YTO MUKPO-
KJIOHBI CMPEHM XOPOIIIO YKOPEHSIOTCS Ha 6e3rop-
MOHaJIbHOM cpene QL. DTO MO3BOJISIET 3HAUU-
TeJIbHO YMEHBIUMUTb 3aTpaThbl Ha IPOU3BOICTBO
M0Caf0YHOr0 MaTepuasia, Tak Kak TOPMOHBI J0-
BOJIHO JJOPOTO CTOSIT. 171 aHa/M3a YKOpeHsieMo-
CTY MMKPOKJIOHOB CMPEHU MbI B3I BBIOOPKY 13
20 pacTeHMUIt Kaxka0ro copTa. Josi yKopeHeHHbIX
pacTteHuii BapbupoBana ot 87% mo 98%. Y usyuae-
MBIX COPTOB CUPEHM TaKKe HAOGTIOIAINCh OTINUMS
B KOJMYECTBE M [JMHe 0O6pa30BaHHBIX KOpHEI
(Tabnuia).

Ta6muua
KonmuecTBO YKOPEHMBIIMXCS B IIPOOMPKAX pacTeHMit
Ne Honst ykope- CpenHee Komue- Cpenusas CpenHss BbI-
LI Coprt HEHHBIX pacTe- | CTBO KOpHei Ha 1 | AjJmMHa KOp- coTa pacre-

o HUi1, % pacTeHuu, mT Heli, CM HUI, CM

1 KpacaBuita MoCKBbI 87 1,5 3,2 4.5

2 Hanmesxma 93 2,7 4.3 6,1

3 Muccuc SaBapy 98 3,1 3,9 5,8

XapauHar

Hau6osbiliast KOJM4ecTBO KOpHelt 66110 cdop-
MUPOBAHO y pacTeHui1 cupeHn copta Muccuc I1-
Bapn XapAMHT, a HauMeHbllee y CUPEeHU copTa
KpacaBuiia MockBbl. Hanbosee OjauMHHBIE KOPHU
dbopmupoBanuch y cupeHu copta Hapexna, a
Haubosiee KOpoTkue y copta Kpacasuiia MOCKBBI.
ITo BrICOTE pacTeHMI1 K KOHIlY 3Tarna YKOPeHEeHUsI
OblJIa OTMEUYeHa Ta Xe TeHAeHIVS.

[Mpy MUKPOKIOHAJIBHOM Pa3MHOKEHUM pacTe-
HUIT Hanboiee OTBETCTBEHHBIM U CJIOKHBIM SIBJISI-
eTcsl 3Tall ajanTaiuy 1 repeBo, MUKPOpacTeH ik
B HECTEPWIbHbIE YCJIOBUSL. DTO OOBSICHSIETCS TEM,
YTO B YCJIOBMSIX in Vitro BJaXHOCTb BO3[AyXa
6/M3Ka K HaCBIMIAIONIEH, OTCYTCTBYET TPagyeHT
BOJIHOTO TIOTEHIMajia MeXAYy MCHapsiollei mo-
BEPXHOCTbIO JiMCTa M aTtmocdepoii, CHUXKaeTcs
TpaHcnupainys us-3a gedunnrta CO2, y pacTeHuit
MOSIB/ISIIOTCS  He(QYHKUMOHUPYIOIIME  YCThbUIIA,
CHI3KAeTCsl OCMOTUYECKOe IaBjieHye, TPOUCXOAUT
06e3BOKMBaAHMe KOpHEi Ha arape M HapylleHMe
BOJIHOTO 6ajaHca. DTO MPUBOIUT K TOMY, UTO IIpU
BbICAJIKe TIPOOMPOYHBIX PACTEHUIl B I'PYHT OHMU
OBICTPO TepsIlOT Typrop u yBsimaioT. [las

MpefoTBpalleHns] U3MUITHUX TTOTeph BJIaru pac-
TEeHUSIMU UX TIepBOe BpeMs MPUKPbIBAIOT YKPbIB-
HbIM MaTepuaJOM MU BbICAXKMBAIOT B MUHU-TIAP-
HUKU. MBI OCYIIIECTBJISIIM BbICAAKY YKOPEHEHHBIX
MUKPOKJIOHOB B MMHM-KACCETbl U MPUKPLIBAIN
CBepxy IMPO3pavyHbIMM KOHTeliHepaMu. PacTeHus
pasMelnianuch Ha CBETOIVIOIIAAKE M AOpallyuBa-
JIUCh B YCJIOBUSIX JTaOOPaTOPUMN.

KonnyecTBO amanTMpOBAHHBIX PACTEHUIA IO
BapMaHTaM OIIbITa BapbMpoBaio oT 87 7o 96 %.

Hau6osbiast COXpaHHOCTh pacTeHMi1 6bia OT-
MeueHa y pacTeHuil cupeHu copta Muccuc Xap-
JIVHT, HauMeHbIas — 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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ONU3NUKA

PBICUH Axzapeiit BnaguMmuposua
paguoutkeHep, AHO «<HTULI «TEXKOM», Poccus, r. MockBa

HUKN®OPOB Urops Kporugosuu
KaHOMOaT TEXHUYECKNUX HayK, JOLIeHT,
YyBallicKuii rocyapcTBeHHbl yHUuBepcuTeT, Poccust, r. Yebokcapsl,

BOVIKAYEB Binagucias HaymoBuu
KaHAUAAT TeXHUYEeCKUX HayK,
nupexTop, AHO «HTULIL «TEXKOM», Poccust, r. MockBa

HEOBXO/IMMOCTb YCOBEPIIEHCTBOBAHUSI YPABHEHUI1 MAKCBEJIJIA
C IOEJIbIO OIITMCAHMS KOPITYCKVJ/ISPHO-BOJ/JIHOBOT'O IYAJIM3MA

AHHOmMauus. B 3moii cmamee Mol NOKANEM, KAK 8 KJIACCUUECKOL 21eKMpoOuHamuKe u K8aHmoesoli MexaHuke
peuiaemcs 60npoc Mamemamuuecko20 ONUCAHUS KOPNYCKYIIPHO-B80JIH08020 0Yanusma 00seKmos Mupo30amus om
npocmozo npedcmasaetus K CJIONCHOMY HA 0CHO8e YCO8epLUEeHCMB08aHUs ypasHeHuli Makcsesia, Komopole npeo-
cmasJisiiom coboli Haunpocmetiwiue 06seKMol 8 8UOE INEKMPOHHBIX U MIOOHHDBIX HELIMPUHO U aHMUHeTimpuHo. Mol
maxkice noKaxem owubKu, Komopole 0bL1U JONYUjeHbl 8 KAACCUUECKOTI 371eKMpPOoJUHAMUKE.

Kntouegwte cnoea: CTO u OTO SiiHwmetina, popmyna JIyu de Bpoiins, yryuwenHsie ypagHeHus Makceesna,

opmyna Inanka ona coCMosiHUs pasHo8ecusl.

Heo6xo,uMMOCTb YCOBEPIIEHCTBOBAHMUS OOBIU-
HBIX ypaBHeHMII MakcBejia Haspesa IaBHO,
TaK Kak B TOM BUE 3alMCU, B KOTOPOM OHM ObLIIN
npeAcTaBjeHbl, OHYM He TOJIbKO He MOTJIM caMy
OIMCaTh HAUITPOCTENIINE 0OBEKTbI MUPO3TAHMS,
HO U He MOTJIM 00ecCIleuuThb CBSI3b KOPITYCKYJISIp-
HbIX ¥ BOJIHOBBIX CBOJCTB B 06BEKTaX MMUPO37a-
Husi. bosee Toro, mepexon OoT ypaBHeHuIt Makc-
Bejla K 37IeKTPOMAarHUTHBIM BOJTHOBBIM YpaBHe-
HMSIM ObLT TaKKe CIeIaH C TapajoKcaMy U omuo-
Kamu. IIpu 3TOM Takue 06'beKThI MUPO3TAHMS KaK
37IeKTPOHHbIE ¥ MIOOHHbIE HENTPUHO, KOTOpbIe
IBUTAIMCh CO CKOPOCTBIO CBETA, BOOOIIE He IO -
IaBaJIMCh OMMCAHUIO C TIOMOIIbIO OOBIYHBIX YPaB-
HeHUit MakcBesia, XOTS [TPU TaKO CKOPOCTU IBU-
SKeHMSI OHM 00$13aHbI ObLIM OBITH IPEICTABIEHbI
yepe3 3JeKTPOMarHUTHble KOMIOHeHThl. Ilo-
3TOMY B JAHHOJ CTaTbe MbI OKa’keM, KaK ITyTEM
UCKIIOUEeHUST TIapaZloKCOB TIONYYalOTCs YyCOBep-
IIIeHCTBOBaHHbIe ypaBHeHMs MakcBesia, Ha OC-
HOBE KOTOpPBIX obOecreumBaeTcs: (HOpMUpOBaHIe
KOPITYCKYJISIPHO-BOJIHOBBIX CBOJVCTB "

orpefieisieTCsl OTHOIIeHMe MacChl MPOTOHA K
Macce 3JIeKTpOHa.

Hago oTMeTutsh, uTo TpeboBaHMe HEOOXOIM-
MOCTU YCOBEpPIIEHCTBOBAaHMUS ypaBHeHUIT Makc-
BeJIIa Y)Ke MPaKTUUeCKy ObIJIO BBEJEHO B OOBIU-
Hble ypaBHeHMsI MakcBe/sila, Hampumep, 4depes
CTOPOHHME TOKU U UYepe3 KOMIUIEKCHYIO 3JIeKTPU-
YeCcKyl0 M MarHUTHYH IIpoHuIilaemMocTb. Hapo
OBLIO TOJIBKO MPU3HATh OUEBUITHOE, 3TO HATUYME
MPOEKIINI MEeKTPUIECKUX MU MAarHUTHBIX COCTaB-
JIAI0IIMX Ha BpeMsi. BHauasie rnokaxem BbIBOJ, YCO-
BEepILEHCTBOBAHHBIX ypaBHeHMI MaxkcBesia Ha
OCHOBE HaMM4us KOMIIJIEKCHOVM MarHMTHOM IPO-
HUIAeMOCTH.

Bepém mu3BecTHOE 0OBIUYHOE ypaBHeHMe Makc-
BeJIa B YaCTHBIX TIPOM3BOIHBIX B BUIE:

—uoH, /0t = 0E, /0x — OE, /0y 1)

[Tpu npepcTaB/ieHMN B 371€eKTPOAMHAMMKE 3Ha-
YeHMsI MarHUTHOM MPOHUIIAEeMOCTU B KOMILIEKC-
HOM BH]Ie, UTO, KCTaTH, MO3BOJISIET PEIINThb IMpPOo-
0/leMy M3MEeHeHMs HaIlpaBJeHUSI ABMKEHMUS II0
IIPUHLATTY lotirenca-®penens B cuiy
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B3aMMOJENCTBUSI CO Cpeloil paclpoCTpaHeHMUsI,
UMeeM:
K=o+ itto (2)
3mech i=(-1)2. TIpy OICTAHOBKE ITOJTyYaEM:
—po0H, /0t — iug0H,/dt = JE, /0x — OE, /0y (3)
To ecTp KiIaccuyeckasi 3MEKTPOAMHAMMUKA IPU
JONYIIeHUM Haauuus KOMIUJIEKCHBIX 3HayeHUil
3MIeKTPUYECKO M MATHUTHON IMMPOHUIIAEeMOCTU
MOTPe6oBa/I0 M KOMIUIEKCHBIN BUI OJiSI ypaBHe-
HUIT MakcBe/ia. 34eCh 3HaUEHME Ly OJMHAKOBOM
BeJIMUMHBI B [I€IICTBUTENbHOI M MHMUMOI 4acTu,
TaK Kak Cpefia He U3MeHSIeT 00bEKT, ABVKYIIMIACS
CO CKOPOCTBIO CBEeTA. B MpOTUMBHOM c/Tyyae 06BbEKT
pacragaercs Uiy 6yaeT pacTy 10 6€CKOHEUYHOCTH,
B CMJIy OTCYTCTBUSI 3aKOHA COXpaHeHUS! KoJiuue-
cTBa. IHBIMM C/IOBaMM, Cpefia XapakTepu3yeT B3a-
MMOJeiicTBMe 6e3 M3MEHEeHMII MPU COXpaHEeHUM
IBVDKYIIErocst 06bekTa. To eCcTh, MbI IIPU YCIIOBUMA
3aKOHAa COXpaHeHUs KOIMUeCcTBa MMeeM:
Mo = il 4)
31ecbp MHMMAas eIMHUIIA | BBICTYIIaeT KaK aTpu-
OyT MPOTUBOIIONOXKHOCTM U (DaKTUUECKM BbIpa-
’KaeT 3aKOH, MO KOTOPOMY Ha [AeiCTBUe OLHOM
MPOTUBOMOJIOXKHOCTA TPOUCXOAUT MPOTUBOAEN -
CTBME, YTO U BbIpaskaeTcsl BO3BPaTOM CO 3HaKOM
MMUHYC TIpM BO3BeleHMM B KBajapaT. HekoTopbie
YUTATEJM MOTYT MOAYMAaTh, YTO NMPUpPaBHUBAHME
IeVCTBUTENbHOM 4acTM K MHUMOM 4aCTU — 3TO
Haiia BbiAyMKa. OgHAKO B KBAaHTOBOI MeXaHMKe
IIaBHO M3BECTHO PaBEeHCTBO iD=A=A;, 1Ipu A=Ay,
A=Ay, A=A, [1]. CobcTBEHHO MpUpaBHMUBAHME A4 K
MPOEeKLMM Ha BpeMs A, Takke ObUIO CIeNaHO B
anekTpoauHaMuke @eiiHmManoMm [2]. [lanee He
Hapyllas BMJa ypaBHEHUS] Mbl YMHOXaeM UMUCIIN-
TeJlb ¥ 3HaAMEHAaTe/lb MHMMOJ ITPOM3BOSHOV Ha
CKOPOCTb CBeTa:
—1o0H, /0t — ipgcdH,/d(ct) = OE, /0x — OE,/0y (5)
C MaTeMaTM4eCKO! TOUKM 3peHUS] HUUETO He
MTOMEHSIIOCH, a C (GMU3MUeCKOI TOUKY 3pEHMUS] MHU-
Masi IIpOM3BOJHAsl OTpa)kaeT IPOTUBOMOJIOXK-
HOCTB, Iie 33 CUET CKOPOCTU CBeTa JIJIHA U BpeMSI
MEHSIIOTCSI MecTaMu. VHaue mOpu COXpaHEHUHU
OIMHAKOBOTO BUA MpeACTaBIeHMs] 0ObEKTOB HET
OTJMUMIL U 3TO UCK/IOUaeT Hajauuue MpPOTUBOIIO-
JIokHOCTe. IIpyu 9TOM, Ha OCHOBe Ipeobpa3oBa-
Huii JlopeH1Ia-MUHKOBCKOTO, BpeMsI OTHO3HAYHO
Mpeo6pas3oBbIBAETCS B IJIMHY, a IJIMHA BO BpEMS B
paBHBIX KonuuvecTBax B cooTBeTcTBUM ¢ CTO u
OTO DiiHwTeliHa. COOTBETCTBEHHO, IEpeXol B
MPOTUBOIOJIOKHOCTb OT BpeMeHH K JIJINHE CBSI3aH
CO CKOpOCThIO cBeTa 1o (opmyre [3]:
x0 = ct. (6)
B manHoMm ciyuae X° oTpaskaeT IIMHY KOOPOU-
HaTbhl, B KOTOPYIO MPOUCXOOUT IIpeoOpa3oBaHue

IJIMHBI IPpU ABUOKEeHUN (M3MeHeHuM). THbIMU CJ10-
BaMM, Cpella pacOpoCTpaHeHUsI — 3TO He HeKuii
BaKyyM, & 00bEKT, COCTOSIIINI 13 TTPOTUBOIIOJIOXK-
HOCTel, BbIpasKeHHbIX uepe3 OAUHY U BpeMs B CO-
orBeTcTBUM ¢ CTO 1 OTO Ditniurteiina. Eciu 6561 He
OBLJIO B3aMMHOTO Ipeo6pa3oBaHMs IJIMHBI BO
BpeMsl, 1 Hao6opor, B coorBeTcTBUM ¢ CTO 1 OTO
DIHIITEeHA, TO AJIVHA U BpeMsl ObLIM ObI HE3aBU-
CUMBI IPYyT OT Apyra, a 3TO O3HAYaeT, UTO OHU
ObUTM GBI 3aMKHYTBI Ha Ce0sT U IPYT IJIST ApyTa He
CYIIIeCTBYIOT, I O ITPOTUBOIIOJOXXHOCTSIX B OAHOM
00beKTe He ObLIO OBl peun, HO 9TO He Habmoaa-
eTcsl Ha ITpaKTUKe.

Kpome Toro, pa3 mMbl HabI0MaeM Ha ITPaKTUKe
MIPOTUBOITIOJIOKHOCTM B O06BEKTE, BbIpaXKEHHbBIE
yepe3 IJIMHY U Bpems (OpPyroro OMMUCaHUS Tpu
IBVKEHUUM HET), TO TOBOPUTH He O YEM 6e3 3TUX
BenuunH. C yUETOM TOTO, UTO MPOTUBOIOIOXKHO-
CTY CBSI3aHbI Uepe3 CKOPOCTh CBeTa (CKOPOCTh 06-
MeHa), TO TTOKO¥ 1 IBUKeHNe B TPOTUBOIOI0XKHO-
CTU MEHSIIOTCSI MeCTaMu, a 9TO BbIpakaeTcs U CMe-
HOJ1 MpoeKIuit, Tlie IJHa epexoAuUT BO BpeMsl, a
BpeMs B AyinHY. [ToBTOpsieM, MHaYe He GbLIO ObI U
caMMX IIPOTUBOITOJIOKHOCTEN, eciau Obl BUA, CO-
xpaHsics. OTCoga uMmeeM:

—UogOH,/0t — iugcdH,/0z = OE, /0x — OE,/dy (7)

[ToHsiTHO, UTO JIeBas yacTb ypaBHeHUs (7) Xa-
pakTepusyeT 3aMKHYTbII 0OMEH MeXIy TPOTUBO-
TMOJIOKHOCTSIMM, aHAJIOTUYHO TOMY, KaK TaKoii ke
3aMKHYTbI/t 0OMEH XapaKTepu3yeT U IIpaBasi 4acTb
ypaBHeHus (7). I B ;TaHHOM CJTydae [J1s1 COCTaBIIsI-
Ioieii H mog MHUMOJ ITPOM3BOIHOM He OCTAeTCs
IPYTUX MPOEKLUi KaK MPOoeKIMKu Ha BpeMs, Tak
KaK B IPOTMBHOM cJTy4yae 1jst H HeT mpeobpa3oBa-
HUI U B TPOTUBOIIOIOXKHOCTSIX COXPaHSIeTCsT Ol -
HAKOBBIV BUJ, YTO MCKJIIOUAeT Haauume caMmx
MIPOTYUBOITOIOKHOCTE ¥ MIPOTUBOPEUNT ITpeobpa-
3o0BaHusaM JlopeHna-MuHKoBcKoro 1mo CTO 1 OTO
DitHmTeltHa. TakuM 06pa3oM, MbI TIOTYIUIN BbI-
BOJl HEOOXOIMMOCTM YCOBEPIIEHCTBOBAHUS ypaB-
HeHuit MakcBesa U3 cobmomeHns GopMyst Kiac-
CUYECKO 3JIeKTPOAMHAMUKU U IIpeodpa30oBaHMii
Jlopenuia-MuukoBckoro mo CTO u OTO 3itH-
mreiida. CoGCTBEHHO M CaM KOMIUIEKCHBIN BUT,
ypaBHeHMSI C MHMMOJ COCTaB/SIIONIENl 3TO He
Hallla BBIAYMKa, ¥ 3TO yke 6bUIO caenaHo Jupa-
KoM, a 1o Hero lpeauHrepom. HeCKo/JIbKO HUKe
MbI TIOKaXXeM, UTO yCOBepIIeHCTBOBaHHbIE ypaB-
HeHMsS MakcBesuia IIpeJCTaB/IsIIOT cob0il U TIpo-
cTejiiye 06’beKThl MUPO3IaHMs B BUIE 3JIEKTPOH-
HbIX ¥ MIOOHHBIX HEMTPMHO U aHTUHEMTPUHO HA
OCHOBE ypaBHEHU}i KBAaHTOBOW MexaHuku. Of-
HaKo, YTOObI JOKa3aTh HEO6XOOMMOCTb yCOBEp-
IIIeHCTBOBAaHMS ypaBHeHMIT MakcBe/ia Haao
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obecreunTh (GOpMUPOBaHME OOGBEKTOB OT MPO-
CTOr0 BUJA K CJIOKHOMY BUAY, U I0OKa3aTh, HAIIPU-
mep, repexop, OT YCOBEPUIEHCTBOBAHHbIX YpaBHE-
HUii MakcBe/sla K 371€KTPOMarHuTHou BoJyiHe. C
9TO 11eJIbI0 MbI JOJKHBI BCIOMHUTD, UTO B YpaB-
HeHMsIX MakcBejia npm OnmMcCaHumM IIpMHIUIIA
ltolirenca-®peHenss B cpefe paclpoCTpaHEHUS
37IEKTPOMArHUTHONM BOJHBI HE CMOTJIM OOOWTUCH
0€e3 MCITOTb30BaHMSI HEKUX CTOPOHHUX TOKOB jE, ju
(C UCKIOYEeHUEM INIPU 3TOM HEKMX OBVDKYILIMXCS
peanbHBIX 3aps0B, KOTOPBIE B Cpefie pacrpocTpa-
HeHMS HeT) B Buze [4]:

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

D = gyE; B = uoH; goug = 1/c?. ®)

3HaueHMsl IIOTHOCTUM CTOPOHHUX TOKOB MBI
MpeJCTaBWIM C Pa3HbIMM 3HAKaMy aHaJIOTMYHO
TOMY, KaK 3aMKHYTble BequuuHbl rot H u rot E
JAT pa3Hble 3HAaKM MPOU3BOLHBIX IO BpEeMEHU
0D /dt u —0B/dt, uTo obecIieunBaeT 3aMKHYThIA
B3aMMHBIN TTepexo. Jlajiee MoiAEM Mo OOIIenpu-
HSITOMY ITyTU U IPUMEHUM K TTIePBOMY YPaBHEHUIO
omnepauuo poropa (rot). Ilo cytu, 5TO 0O3HaAuUaeT
BO3JEICTBME IPYroro 06beKTa, UTo JAET €ro m3-
MeHeHMe 3a CUET B3aMMOEeCTBUS

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

rotrot H = graddiv H — V?H;

graddiv H — V?H = —gyuy0%H/0t? — £40jy /0t — 0t jg; ©)
VZH — 1/c?0?H/0t? = graddiv H + £,0j, /0t + rot j.

AHAJOTMUHO IPMMEHUM OTIepalnio pOTOP U KO
BTOPOMY YpaBHEHMIO, UTO, I10 CyTU, O3HAYAET BIIM-
ssHMe OOBEKTOB APYr Ha [Opyra, BBIPAKeHHBIX

yepes nuddepeHinaabHble YpaBHEeHMs, a olepa-
1IMST pOTOpa COOTBETCTBYET M3MEHEHMSIM 32 CUET
BO37elicTBUS. B uTore mmeem:

rotrot E = —d(rot B/0t) —rot jy; rot B = py0D /0t — uyjg;

rotrot E = graddiv E — V?E;

graddiv E — V2E = —gouo02E/0t? + ugdjg /0t — rot jy;

(10

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

OueBunHO, uto 3HaueHus divE u divH He OTHO-
CUTCSI K OTIpefieJIEHNI0 3HAUEHUI peasIbHbIX 3apsi-
OB, TaK KaK UX B Cpele paclpOCTpaHEHUS HeT.
IMosToMy BMeCTO OGBIUHBIX 3apsIOB B COOTBET-
CTBMU C KJIACCUYECKOJ 3/IeKTPOAVHAMMKOI [4] fis
CTOPOHHEI IIJIOTHOCTH 3apsII0B MMeeM:

divE = pg'/eq; divH = pf /. (11)

Ho BoT TyT mpo6ieMa, CBSI3aHHAsI C T€M, UTO
HeT npoexunuit E u H H1 Ha OOHY U3 IIPOEKLUII 110
IJIMHe, TaK KaK CTOPOHHMe 3apsiibl He MMEeIOT H-
yero o6IIero ¢ 06bIYHOI IIOTHOCTHIO 3apsIIOB Ha
MpOEeKIUY MO IjuMHe U 3apMKCUPOBATh UX Ha
NnmpakTuke Henb3s. OTCIOga, TaK KakK Hesb3s

MCII0/Ib30BaTh 3HaueHus E 1 H Ha OCHOBe IIpOeK-
LIMI1 HAa 3HaYeHUS 10 KOOPAMHATAM JJIMH, TOJbKO
U OCTaétcsl, uTo cuutath E u H mpoekuusiMu Ha
BpeMsI, pa3 M0 KOOpAMHATaM MX 3a(pUKCUPOBATD
Hesb3s1. COOTBETCTBEHHO MPU 3TOM TaKue IPoeK-
uuu E: vt H; O0JKHBI UMETb IIPOTUBOLEICTBUE IPYT
K IPYTy, YTO BBIPAKAaeTCs yepe3 3HaK rnepep 3Ha-
YeHUSIMM CTOPOHHEN IJIOTHOCTU 3apsiAoB, KpoMe
TOTO MbI YUUTHIBAEM U3 KBAHTOBOV MEXaHUKMU IO
MpeobpasoBaHNUI0 CTOPOHHUX TOKOB IO JIOpeHIy
dopmymy j=cp™ [5].

OTcroga cienyer:

divE, = —pg'/eo = —jg/(c&o); divH, = py' /1o = ju/(Clo)- (12)

Ilocie moaCcTaHOBKY MMEEM:

VZH — 1/c?0%H/dt? = gradjy/(cuo) + €0jy /0t + rot jg;

V2E — 1/c?0%E /ot* = —gradjg/(cey) — odjg /0t + Tot jy
VZH — 1/c?0%H/0t? = ceggradjy + £,0jy/0t + rot jg;

13)

V2E — 1/c?02E J0t? = —cugradjp — podjg/0t + 1ot jy.

[MoHSITHO, YTO CTOPOHHME TOKU — 3TO UEThIPEX-
MepHble BEeKTOpa B TPOCTPAHCTBE U BpPeMeHMU,
aHaJIOTUYHO TOMY, KaK 3TO ObUIO MpeIIoKeHO
delfHMaHOM /11 BEKTOP ITOTEHLIMAIOB.

B neBbix yacTsax ypaBHeHui (13) Mbl uMeem
ypaBHEHMUSI BOJIHbI, & B MPaBbIX YaCTIX YPaBHEHUI
cTopoHHMe Toku. Ho, 0fHOBpeMeHHO, TI0 Teopun
KJIACCUYECKOM 3/IeKTPOAVHAMUKMA [6] BEKTOp IIO-
TeHLMalIbl UMEIOT BUJ,:

E, = 1/(cuy)rotA; E, = —grad® — 0A/ot. (14)

[Tpu 3TOM 110 KJIaCCUYECKOV 3JIEKTPOAVHAMMKE

TaKxKe M3BeCTHO, UTO BEKTOD MOTEeHIINAIbl UMEIOT
OJHO3HAYHYIO CBSI3b B Hallleii cucTeMe Habmoze-
HUS TIPM ONMCAHUU IBVSKEHMS! 3apSDKeHHON va-
CTULBI [7]:
A=v/c?D. (15)
Ho, B BapuaHTe Ha/lInuysl TOJIBKO Cpelbl pac-
IIPOCTPaHeHUs, 3aPSDKeHHBIX YyacTul HeT. OTcroa
eOVHCTBEHHbI)I BapMaHT, IPU KOTOPOM V=C, a
A=@/c. COOTBETCTBEHHO, MUCIIOJNb3ys aHAJIOTUY-
HBIV [IPUHIVII CYIIePIIO3ULIUY IITIOTHOCTU CTOPOH -
HUX 3JIEKTPUYECKUX TOKOB [8], KOTOpBII
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UCIIOJIb3YEeTCSA B KJ1aCCUMYECKOM 3JIeKTPOAMHA-
MMKe, MOXXHO OIIpede/IMTb 3Hade€HMe BeKTOpa

E=E;+E, B BUe:

E=E; +E, = 1/(cuy)rotA — grad® — 0A/0dt;
E =1/(cug)rotA — grad® — 1/cod/at; (16)
cuoE = —cpograd® — uy0d /0t + rotA.

Orcioga uMeeM IBa YpaBHEHMS 1) CDABHEHMSI:

V2E — 1/c?02E J0t? = —cupgradjg — podjg /0t + 1ot jy;
cuoE = —cuggrad® — py0d/dt + rotA.

MbI BUIUM, UTO €CJIU CUMTATh UTO D=ji, a A=jp,
TO MBI TIpU COBIIaJieHMM TIPaBbIX UacTeil ypaBHe-
HUit QakTHyeckyu IoyiyyaeM ypaBHeHue I'ejibM-
roJsibla [9] sl neBbIxX 4acTel ypaBHEHUI BUA:
V2E —1/c?9%E/0t? = cu,E. (18)
IIpu HOpMUpPOBKe Ha Beanuunny E ¢ iepexonom
Ha HOpMMPOBaHHYIO PyHKIIMI0 W TTo/Tyumm:
V2W — 1/c?02W /0t? = cu,. 19)
Ianee MbI cCuMTaeM, YTO KOHCTAHThI SJIEKTPU-
YeCKOJ M MarHMTHOM NPOHUIIAEMOCTU Cpebl OT-
pakaloT IMHAMMUKY OBUKEHVS 0ObEKTOB B IIPOTHU-
BOTMOJIOKHOCTU. B 3TOM ciydae Hanuumne u3MeHe-
HMIi B Hallleil cucTeMe HaGIIOmeHUs, He MOXKeT
MPOMCXOINUTh 6€3 M3MEHEHUI B IMPOTUBOIIOIONK-
HOCTH, TOKE B BUIe IBUKEeHMSI, KOTOpasi CBsI3aHa C
Hallleil CUCTeMOit yepe3 CKOPOCTb CBeTa. B mpo-
TUBHOM CJIyyae MPOTUBOMOJOXHOCTU He UMenu
6bI B3aMMHOTO0 OOMeHa C COXpaHeHMeM KoJMue-
CTBa M B 3TOM CJIy4ae OTCYTCTBOBaJIM ObI KOPITYC-
KYJISIPHO-BOJTHOBbBIE 0OBEKTBHI. Tak Kak

VAW — 1/c20?W /0t? = cuy = 1/u = 1/u = 1/(c* — v2,)"/* =

=imo/(1 — v3,/cH)M? = im.

3aech, Mbl BBeJleHMEM B MPaBOIl YacTU MHU-
MO e JMHULIBI { YIUTHIBAEM TO, UTO MMEETCS CBSI3b
371eKTPOMAarHUTHOM BOJIHBI CO CKOPOCTBIO JIBUKE-
Hust mo CTO u OTO He B Hallei cucteMe HabITIO-
IleHusl, a B MPOTUBOIIONIOKHOM cucTeme. HbIMU
CJIOBaMM, 3JIEKTPOMarHMTHOE U3JIyueHUe 3TO pe-
3y/IbTAT ABUKEHMS 00HEKTOB B MTPOTUBOIOIOXKHO-
CTH, UTO COOTBETCTBYET uaee Jlyn age bpoiing. I1o-
BTOPUM, UTO 371€Ch MbI CUMTAEM, UTO Mo=1/C 1 3TOT
pesy/ibTaT COOTBETCTBYeT hopMyJsie sHepruu JiiH-
HITeitHa, 4To MbI mokasanu B [10]. [To cytu mo=h,
rae h — mocTtossHHas InaHka (MMEHHO 3Ta BeJu-
YMHA OTpaskaeT MUHMMAaIbHO BO3MOKHbBIN OObEKT
B MUPO3JIaHUM), YTO XapaKTepu3yeT 00IIYI0 B3au-
MOCBSI3b TJI00QIbHBIX ITPOTUBOIIOIOXKHOCTEN 10
Hamieit Teopuu uepe3 dopmyny ch=1 [11]. Ilox-
YepKHEM, YTO NaHHas (GOpMyna COOTBETCTBYET
KOJIMYECTBEHHBIM ITpeo6pa3oBaHMSIM B MUPO3a-
HUM, U MUPO3[laHKe HUUEro He 3HAeT O CUCTeMe
nsMmepenust CU u CI'C, KoTopble IIpUBEJM K Mapa-
IOKCY UEPHBIX [JbIp CBSI3aHHOMY C paguycom
[IBapmmmtsaa. TakuM 06pa3omM, Mbl BUIUM, YTO
BOJTHOBbIE TpOIIeCChl B OJTHO¥

an

MPOTUBOMOJIOKHOCTU CBSI3aHBI UYepe3 CKOPOCTh
CBeTa, TO 3KBUBAJIEHT TpeACTaBIeHUS IBVOKEHUS
B IIPOTUBOIOJIOKHOCTMA MOXXHO BBIPa3UTh B BUJE
BEJIMYMHBI:
u=(c*—vi)/? (20)
31ecCh Vyp — OTPaKAEeT MHTEerpaabHOE YCPeNHEH-
HOe 3HauyeHMe CKOPOCTUM B MPOTUBOIIOIOKHOCTU
OT BCex OOGBEKTOB CBSI3AHHOE C KUHETUYECKOI
9Heprueii. [lasee ¢ yU6TOM TOTO, UTO ouy = 1/c?
Mbl MOXXeM BbIPa3UTh 3HAUE€HMUS] KOHCTAHT 3JIeK-
TPUUYECKON ¥ MarHUTHOM IMMPOHUILIAeMOCTHU C OTpa-
)KeHMeM JBJKEHMSI B IIPOTMBOIIOJOXKHOCTU B
BUTE:
& =u/c po = 1/(uc). (21)
C y4éTOM TaKOro MpeacTaB/JeHUs KOHCTaHT
3JIEKTPUYECKOM ¥ MAarHMTHOM MIPOHUIIAEMOCTH, a
Takke 1pu me=1/c [10], MBI MOXXeM BBLIPa3UTb
ypaBHeHMe (19) B Buze:

(22)

MIPOTUBOMOJIOKHOCTH CBSI3aHbI C MAacCO B APYTO
MPOTUBOIOJOKHOCTHU. TO eCTh IIIyMOBOE 3JIEKTPO-
MarHuTHOe M3jyuyeHue OIlpefesseTcss He CIIOH-
TAaHHBIM TOSIBJIEHMEM UM MCUE3HOBEHMEM HEKUX
BUPTYaJbHBIX (OTOHOB M3 BaKyyma, a OIpees-
eTcsl TIPOCTPaHCTBEHHO-BPEMEHHbIM MCKPUBIIE-
Huem Ha ocHoBe CTO m OTO 3iiHuITeiiHa. [leii-
CTBUTEIbHO, UTOOBI MMETh pEIleHMe YpaBHEHUS
(22), MBI TOKHBI UMETb GyHKIMIO W BUaa:
W (x,t) = {exp[i(mct + )]}*/? (23)
[ToHSTHO, YTO MBI MMEeM He COOTBETCTBUE C
dyukimeint Jiyu ge Bpoinst mjisi OTHeNbHONM 4Ya-
CTULBI, XOTSI UMEEeM 3aBUCUMOCTb OT MAcCChl, I0-
Jlyuaemoli OT OBUKEeHUSI B MPOTUBOIIOIOXHOCTH,
YTO CBSI3aHO C TeM, uTo ¢GyHKuusA W oTpaskaeT
Mpolecc ABOHOro AM(depeHIPOBAHMS U JIEK-
TPOMAarHMTHOTO BOJIHOBOTO ABVXEHMS CO CKOPO-
CTBIO CBETA y3Ke B Hallleit cucTemMe HabmoaeHus. B
TO Xe BpeMsl BoysiHOBasi byHKIus JIyn ne Bpoiins
CBSI3aHA C MABWDKEHMEM YaCTUIbI CO CKOPOCTBIO
MEeHBIIIe/, YeM CKOPOCTh CBETA M OHA (aKTUIECKA
XapakTepusyeTcss QyHKUMUSIMU B CMCTEMe ypaBHe-
HMit [upaka. ITOT Mapamokc OyaeT HaMu
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pas3peliéx Mpu ONMMCAHUY KOPITYCKYISIPHO-BOJIHO-
BBIX OOBEKTOB Uepe3 ypaBHEHMEe SHeprumu DitH-
HITeliHa U CBSI3aH OH C TeM, UTO 3JeKTPOMAarHUT-
Hasl BOJIHA IIpefCTaBisieT co6oit B3auMoaeiicTBme
MIPOTUBOIIOIOKHBIX 00beKTOB. COGCTBEHHO HE06-
XOJIVMYIO 3aBUCUMOCTb OT MacChl C yUETOM (YHK-
1um Jyu ie Bpoiisiss MOKHO 6bUIO GbI TTOYYNUTH Ha
OCHOBE BEKTOp MOTEHILIMAIOB B MOC/IeIHEM ypaB-
Henuu (17) ipu ogHOKpaTHOM AuddepeHIIpoBa-
Huu. OgHaKO yKa3aHHbIN BU, 4yepe3 BEKTOp I10-
TEHIIMAJIbl HEe COOTBETCTBYeT Buay auddepeHin-
aJbHBIX YpaBHeHMI B cucTeMe JIupaka, ¥ IO3TOMY
HeOo6XOIMMO ITOKa3aTh, KakKMM 06pa3oM MOSKHO
rot H = ¢,0E/0t — iceggradEy;
U noBTOpUM e111€ pa3, uUTo MOSIBJIeHe MHUMOT
COCTaBJISIOILEN CBSI3aHO C BBIMIOJTHEHMEM TpPUH-
uuna loireHca-®peHesiss M0 OrMOGAHMIO BOJTHOI
MPEensITCTBYMSI Ha OCHOBAaHM M KOMILJIEKCHBIX 3HaUe-
HUIt 37IeKTPUYECKOii ¥ MarHUTHOM TPOHUIIaeMO-
CTU. AHAJIOTMYHBIN BUJ, MOXXHO TTOJIYIUTDb M Ha OC-
HOBE BEKTOp ITOTEHIMAJIOB IIpu paBeHCTBe E=E; B
cucteMe ypaBHeHMt (14), TakK Kak MHOE 03HAYaJIO
ObI UTO M3MEHEHUS B IIPOTUBOIIOJIOKHOCTSIX KOTO-
pble TipefcTaByieHbl yepe3 A U @ He paBHBI, UTO
MPOTUBOPEUUT 3aKOHY COXpaHEHMSI KOJIMYecTBa.
OTcioa Mbl MOXKEM 3aIlMCaTh:
rotA = —cpygrad® — cuy0A4/0t. (28)
Tak Kak B BapMaHTe HAJIUUUSI TOJIbKO CpeJibl
pacmpocTpaHeHus], 3apSKeHHbIX YaCTUIl HEeT, TO
Ha ocHOBe ypaBHeHMs (15) BO3MOKeH e IMHCTBEH-
HbIJi BapMaHT, MpU KOTOpPOM v=c¢, a A=D/c. Ecnun
y4ecTb, yTO 3HaueHue @ B grad @ mpu PoCICU B
YACTHBIX ITPOU3BOTHBIX TaKKe OyIeT BhIpakaThCsl
yepes MPOoeKIMI0 Ha BpeMs (MHBIX MPOeKIINiit mpo-
CTO HE OCTAETCS), TO B pe3ybTaTe MMeeM ypaBHe-
HMe:
rotA = —uy0® /0t — cuygradd,. (29)
B aTom ciiyuae u3MeHeHUsI B OGHOW MPOTUBO-
TOJIOXKHOCTU PaBHBbI M3MEHEHUSIM B JIPYroil Mpo-
TUBOIIOJOKHOCTU. PU3UUYECKU, U3MEHEHME JJIeK-
TPOMarHMTHbBIX COCTAB/SIOIIMX B Hallleli cucTeMe
HabMoeHusT BbhIpaxkaeTcsl 3akoHoM dapazest u
OTMCHIBAETCSI OOBIYHBIMM ypaBHEHMSIMM Makc-
Besisia. ITOHSITHO, YTO B CMJIY 3aKOHA COXpaHEeHUs
KOJIM4yecTBa (MHAUYe OJHA M3 IMPOTUBOIIOIOXKHO-
CTeii MCYe3aeT) Mbl MMEEeM CMMMEeTpPUIo husmnye-
CKMX 3aKOHOB B ITPOTMUBOTIONIOKHOCTSIX, UYTO U JAJI0
B (29) OJ1s1 BeKTOp MoTeHIManoB. OgHaKO CUM-
MeTpusi pU3MUecKMx 3aKOHOB B ITPOTUBOIIOIOXK-
HOCTSIX TakXke O3HAvaeT, YTO [JISI BBIMIOJTHEHMUS
¢usmueckoro  3akoHa  OrMbOaHMS  BOJIHOIA

i(V2E — 1/c?0%E /0t?) = —icupgrad®, — u,d®/at + rot A;
icugE = —icupgrad®, — py0®/0t + rotA.

ITpu 3TOM, MeEHssl 3HAK B wieHe grad @ Ha

IepeiiTi OT NpeLiCTaBIeHNs Yepe3 BEKTOP IIOTeH-
Maitel K auddepeHMaabHBIM YPaBHEHUSIM B CU-
creMe [lupaka, yepe3 KOTOpPbIE OTPa’kaeTcs IBU-
JKeHMe 4aCTUIbl KaK KOPIYCKYJISIPHO-BOJIHOBOTO
006beKTa CO CKOPOCTHIO MeHbIell, YeM CKOPOCTh
cBeTa. Bpllle MbI ITOKasany, Kak U3 KJIacCuyeckomn
37IeKTPOSMHAMMKY HA OCHOBAaHUM KOMILJIEKCHOM
3/IeKTPUYECKON M MArHUTHOM IIPOHUIIAEeMOCTU
MOJTY4alOTCd YCOBEPLIEHCTBOBAHHbIE YpPaBHEHMS
Makcsenna Buga (7). Ecim npencTtaBuTh ykasaH-
HYIO 3aIICh B BEKTOPHOM BHJie, TO MBI IIPU 3aMeHe
B (8) CTOPOHHMX TOKOB Ha IIPOEKLINY 37IeKTpOMar-
HUTHBIX COCTABJISIOIINX HA BpeMsI IIOYUUM:

rot E = —py0H/0t + icupgradH,. 27

MIPETSITCTBUSI MBI B TPOTUMBOIOJIOXHOCTU TaKkKe
IOJIKHBl MMeTb KOMILIEKCHble 3HAaueHUs KOH-
CTaHT 3JIEKTPUUECKOI ¥ MarHUTHON MpoHUIae-
MOCTU (MHO€ WCKIIYaeT COBIaJeHMe 3aKOHOB
busukn), 4To, KCTATH, O3HAUAET MpefCTaBlIeHe
9TUX KOHCTAaHT KaK KOPHYCKYJISIPHO-BOTHOBBIX
06bekToB. [Ipy 9TOM mepexon B MPOTUBOIOJIOXK-
HOCTb, KaK 3TO GbUIO MOKA3aHO Ha OCHOBE KOM-
IUIEKCHOM mpoHuIlaeMocTu B (7) OOJKeH BbIpa-
KaThCS 3a CYET YMHOKeHUS uneHa grad @, Ha MHU-
MYI0 eIuHULy. Mbl BUAMM, YTO ypaBHeHUe (29)
MpY YMHOXEeHUM Ha —i BesmunHbl grad @; 6ymer
MOJIHOCTBIO COOTBETCTBOBAaTb BTOPOMY YpaBHE-
HUIO B (27) B BUJE:
rotA = —uy0® /0t + icuygradd,. (30)
U 9TO COOTBETCTBYET CUMMETPUM DU3UUECKUX
3aKOHOB B ITPOTUBOTIOJOKHOCTSX. Kak 65110 TTOKa-
3aHO BbIllle, B3aMMOJEJICTBME YCOBEPILEHCTBO-
BaHHBIX ypaBHeHUlt MakcBe/sia, C TpeacTaBie-
HMEeM MPOU3BOAHbBIX OT IMPOEKINIT Ha BpeMsI 371eK-
TPOMAarHUTHBIX COCTABJISIONINX B BUIE CTOPOHHUX
TOKOB, BbIPa3mjoCh B BO3IeiiCTBUM orlepaTopa rot
Ha [IBa TMepBbIX ypaBHeHUs B cucteme (8). U ato
B3aMMO/IeiiCTBMe MPUBeIo K POpMIUPOBAHUIO HO-
BOT'0 00'bEKTA B BUIE JIEKTPOMArHUTHO BOJTHBI B
COOTBETCTBUM C ypaBHeHUsIMU ['eibmMmrosibiia. Pak-
TUYECKM Mbl MMeeM peaKI[Mio Ha M3MeHeHUs BeK-
TOp MOTEHIMAJOB MO 3akoHy Dapapes B Halei
cucTeMe HabIIOMEHUS B BU/Ie 9JIeKTPOMAarHUTHOI
BOJIHBI. A TaK KaK 37IeKTPOMarHuTHbIE COCTABJISIIO-
e SBJSIIOTCS IPOTUBOIIONIOKHOCTBIO K BEKTOP-
MOTeH11aNaM, TO OTCI0[a, KaK U JJ1s1 TPOeKLMii Ha
BpeMsI, MPOTUBOIIOJIOKHOE 3HAYEHVE MbI TOJIKHBI
BBIPA3UTh Yepe3 YMHOXEeHMe Ha MHUMYI0 elu-
HUITY, TaK KaK TOJIbKO AefiCTBUTEIbHBIN BU, JAET
oOHyJIeHMe BeIU4MH, a 3T0 03HavaeT uypeca. OT-
CI07a MBI JO/DKHBI 3al1MCaTh:

(31

l'[pOTVIBOl'[OJ'IO)KHbIﬁ[ 3HaK IIO OTHOIEeHMK K
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BapuaHTy ypaBHeHMs (30), MBI BbIUMTaHUE Me-
HseM Ha CJIOXKeHMe, YTO COOTBETCTBYeT YCIOBUIO,
II0 KOTOPOMY CJIOKeHME B OFHOM ITIPOTUBOIIOIOXK-
HOCTY O3HayaeT BbIUMTaHMeE B IPYrOi IPOTUBOIIO-
NokHOCTYU. VIHOE 6bI 03HAYAJIO, UTO MPU ITePeXo/ie
B IIPOTMBOIIOJIOKHYIO CUCTEMY Hab/II0leHNsl y Hac
HeT M3MeHeHM1 B GU3NUECKUX IIPOolleccax, a 3To

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

3nech A — GyHKIMS, KOTOpasi OTpakaeT BOJHO-
BbI€ IPOLECCHl B MPOTUBOIIOJIOXKHOCTU C BBIION-
HeHMeM ypaBHeHus ['enpmronbua. daxTmuecku
9TO BEKTOP-NOTeHIMas, TaK Kak B IMPOTUBOIO-
JIOKHOCTY HUYEro APYroro M ObITh HEe MOXKET B
BOJIHOBOM BUJe€, UTO, KCTaTH, TTIOKA3aHO U B KJIac-
CMYeCKOoii 37ieKTpoauHamMuKe. Y 3To mponucxoauT B
pe3y/ibTaTe B3aMMOAEICTBYS Ha OCHOBE ABYX YCO-
BEpIIeHCTBOBAHHBIX ypaBHeHMIi MakcBesna, KO-
TOpO€ BBIPAa3suIOCh B M3MEHEHUSX uepe3 MpuMe-
HEHMeEe K YpaBHEHMSIM omnepauuu potopa (rot). Ilo
CyTH, Ha OCHOBaHUM (31) 1 (32) Mbl BUAUM, UTO U3-
MeHeHMs 10 3akoHy Dapajess B OJHOI MPOTUBO-
MOJIOKHOCTM GOPMUPYIOT U3TyUyaeMblii KOPITyCKY-
JISPHO-BOJIHOBOJ OOBEKT B JPYTroii MPOTUBOIIO-
JIOXKHOCTH.

Tak KaK BO3JIe/ICTBY/E MOXET ObITh TPUMEHEHO
K YeMy-TO peaJibHO CYIIeCTBYIOIIeMY, TO COOTBET-
CTBEHHO BO3HMKAET BOMPOC, & YTO B PeaTbHOCTU
MPEeACTaBISIOT YCOBEPIIEHCTBOBAHHBIE YpaBHEe-
HMST MaKcBesuTa Kak 00beKThI?

YToO6bI OTBETUTH HA ITOT BOITPOC HAMO BCIIOM-
HUTb CUCTEeMY ypaBHeHMI1 [Ipaka, KOTopas moiy-
YaeTcs M3 ypaBHEHWUSI SHeprum DMHIITEeVHA [JIs
OTMCAHUS IBVOKEHUS] YaCTULLBI.

B3sitoe u3HauvasibHO [IMpakoM YypaBHeHUe
SHeprum JMHIITEeHA UMeeT BUJL, KOJIMUYECTBEHHOM
3aBUCUMOCTM KMHETUYECKOV M TMOTeHIMAIbHON
SHEPIUM OPYT OT ApyTa B cTaTyuke. YTo6bI IepeiTn
K AVHAMMKe M3MEeHEHUI yepe3 KOJINYeCTBeHHbIe

E = (PP +mo* )= Tioo Tiim
=c%/2 Zi:o Zir:o PPy (e, + ay, ).

Y106l COOJMIOCTM COOTBETCTBME HAHHOM
GOpMBI  MCXOOHOMY  YPaBHEHMIO  SHEPIUM
0 0 0 1 0
|10 0 1 0 _|10
Mo 1 0 oo
1 0 0 O i
0 0 1 0 1
0o 0 0 -1 0
G141 0 0 o [*™7TPT|o
0 -1 0 O 0

lanee OH BMeCTO pea/ibHbIX 3HAUYEHUII SHEP-
MU U UMITYJIbCOB BBEJ oniepaTopsl E u p B BuAe:
E=ihd/ot, p=-ihV, (37)

OTPULIAET ¥ HAJINUYME CaMUX ITPOTUBOIIOTIOXKHO-
cTelt 1 uckIovaetT GopMupoBaHMe HOBBIX 00bEK-
TOB IIPpU U3SMEHEHMUAIX.

Tak Kak husnyeckue IpoIiecchl B MPOTUBOTIO-
JIOKHOCTSIX Peam3yIoTCsl OAMHAKOBO, TO aHaso-
rnyHast Gopma 3amnmucu GOKHA GbITh U IJIS JIeK-
TPOMArHUTHBIX COCTABJSIOIUX B BUTE:

(32)

npeBpanieHMsT Hago0 MNPeNCcTaBUTh YpaBHEHME
SHeprum DIHIITEHA Yepe3 PYyHKIMOHATbHbIE 3a-
BUCMMOCTM MeXAy o0beKkTamMyu Muposganus. C
3TOJ 1enbio [Iupak B KauecTBe QYHKIMI, XapaK-
TepU3YIONUX OOBEKThI MUPO3HMAHMS, VUCIIOIb30-
BaJI BOJTHOBbIe (pyHKuMM JIyu me Bpoitns - ¥, a Ko-
JIN4eCTBeHHbIe TIpeBpallleHus B BUe M3MeHeHUit
0603HaYMJI yepe3 BO3[eiCTBME OIepaToOpoB Ha
9T GyHKIMK. [IpM 3TOM OH THOMYYMI CUCTEMY
ypaBHEHMI U3 3TUX 00 BEKTOB MUPO3TaHMS, KOTO-
pble TIpU B3aMMOJENCTBUU UYepe3 MOACTaHOBKY
OIHUX YpaBHEHUIT B IPYyTHe MTOJKHBI ObLIM JaBaTh
UCXOOHOE YpaBHEHMe 3Heprum DWHIITelHa, UTO
00ecreunBag0 YCTOMUYMBOCTb IIOJYUYEHHONM uYa-
CTUIIBI-00'bEKTA C COBTIOIEHMEM 3aKOHA COXpaHe-
HUS KOIMYecTBa. B 9TOM ciydyae OH MPOBEN Tak
Ha3bIBAEMYI0 «JIMHEeapu3aluio» YpaBHEHUS] SHEP-
ruu JJiHIITeliHa B Buze [12]:

E=c (P*+ m¢’c®)? = ¢ CawPy), (33)
3pechb k usmensiercs ot 0 1o 3; Po=Myc; P1=P; P,=Py;
P3=PZ.

[Tpu 3TOM MBI UMEEM:
E? =2 (P*+ mo*c®)= ¢? X3 _ Py Py (34)
YTo6bI YCTAHOBUTD, KAKMM YCIOBUSIM JOJISKHBI
YAOBJIETBOPSITh BEJIMUMHBI Ak, C YUETOM pasJiokKe-
HMS YPaBHEHMS SHEPrMM DIHINTEHA HA CUCTEMY
HavyaJbHBIX YPABHEHMI B TUHAMMKE yepe3 HyHK-
MM, BO3BeOEM 00e vacTu cooTHolmeHust (33) B
KBajapar.

o PPy, =

(35)

JiiHIITeliHa [upaK MCIIOJb30BaJl MaTPUIIbI IS
pasJio>KeHus

(36)

[=NeN N}

-1

COOTBETCTBEHHO 3TM OIIEPATOPbI OH IpUMe-
HMI K HEKMM BEpOSITHOCTHBIM BOJIHOBBIM (DYHK-
1M W B cucTeMe ypaBHEeHUI:



AKTYyaJbHbIe UCCIeJOBAHUS ¢ 2023. N223 (153)

[ ®um3wka | 15

(E—mOCZ)Wl—c(PX-iPy)‘P4—cPZ‘Pg=0,
(E-moCZ)lpz-C(Px+iPy)1P3+CPZlP4=O,
(E+m0CZ)1P3—C(PX-iPy)lpz—CquJ1=0,
(E+moc?)W4-c(Py+iPy)W1+cP,W2=0.

B nuddepeHianibHOM MpeICTaBIeHUM YKa3aHHas CUCTeMa 6yIeT BbIT/ISIIETh:

.\ @ .\ D a . 0

(lha - mocz)q',1+ C(lha +h£) 1P4_+Clhz lp3 =O,
ind _ 2 ihl _ho w._ ikl =
(lhat myc?)W,+ C(lhax hay) W, czhaZ‘P4 0,
ihl 2 ihl 1o ihd =
(lhat+mgc W5+ C(lhax +hay) W, + clhaz‘}’1 0,

0 5 L0 L0 WD
(lha + myc?)W,+ C(lha —hg) W, - Clha W, =0.

(38)

(39)

B cooTBeTCTBMM C KJIACCUKOJ KBAHTOBOM MeXxa-
HMKMU 3Ta CUCTeMa ypaBHeHUN [lupaka rpu macce
MOKOSI paBHOM Hymw me=0 mnpeBpamaeTrcs B

BOJIHOBBIE YpaBHEHUS HEITPUHO U aHTUHENTPUHO
(puc.).

mpaBas MaTEepus

TpaBoe =
= v R
AHTHHEHTPUHO P.C
s
~ 1

PN

~ TlpaBoe

V' meittpuro

Jleroe
AHTHHEHTPHHO

—~ JleBoe
HEHTPHHO

]
!

JIEBASA MaTCpus
Puc. HeiiTpyHO U aHTUHENTPUHO

TMOHSTHO, YTO TIOHATME MaTepuy He MMEET B
TEOpUM HUKAKOTO (Pu3nMueckoro 060CHOBAaHMUS,
TaK KaK He MMeeT MaTeMaTNUUYeCKOIro OIIMCaHus C
HaJIMYMeM KOJIMUECTBa, M OHO CBSI3AHO C HEITOHU-
MaHMeM YUYEHBIMM IIPOUCXOISIINX B MUPO3TAHNUA

npoueccos. Iy onycaHnusi HEMTPUHO M aHTUHEN -
TPUHO MCIOJb3YETCSl YpaBHEHME C ABYXPSIHBIMU
maTtpuamu Ilaynu (ypaBHeHue Beitens), nu6o
ypaBHeHMe [lypaka, paclieruisionieecs Ha 1Ba He-
3aBMCUMBbIX YpaBHeHUs [13].

D L0 0 L
lha W, + C(lha +h5) lp4+ClhE Y, =0,
9 L0 0 YD
lha WY, + C(lha —hg) Y- Clha v,=0,
oy L0 .0 L0
Iha Yo+ C(lha +h5) W, + Clha v, =0,

.0 L0 0 LD
lha W, + C(lha —hg) W, - Clha W,=0.

(40)

MpbI BUAMM, UTO OTJIMYMS MEKIY ME€PBOIA U BTO-
poit mapoii B cucteme (40) TONIBKO B 0003HAUEHUN
byukimit. IIpy 5TOM Mbl He MOKEM OCTaBUTH
MpekHue 0003HaueHusT (PYHKIMIA, OTpakarolnux
COCTaBHbIE OOBEKTBI, TAK KaK HETPUHO U aHTU-
HETPUHO OTPAKalOT 0OBEKTHI, IBUTAIOLIMUECS CO
CKOpPOCTBIO CBETa, YTO KOHEUHO Iofjpa3ymMeBaeT
MHOE B3aMMOJIeIiCTBYE COCTABHBIX 0OGBEKTOB, KO-
TOpOoe ObLIO AJIST YaCTUIbI M3HAYAIbHO, MHAUE OBl

He 0bUI0 M3MeHeHMt. Tak Kak pacrpocTpaHeHue
HeTPUHO U aHTUHENTPUHO MPOUCXOIUT CO CKO-
pPOCTBIO CBETA, TO MOHSITHO, YTO B 3TOM Cjaydae
BOJIHOBbIE (DYHKIIVU MOTYT OBITh TOTBKO 3JIEKTPO-
MarHUTHeIMM GyHKUMsIMMU. OTCIOIa CpaBHMM Ha
COOTBETCTBME BTOPOTO M UYETBEPTOrO0 YpaBHEHUS
cucteMbl (40) ¢ BUAOM YyCOBepILIEHCTBOBAaHHBIX
ypaBHeHMIi MakcBesna:



AKTYyaJbHbIe UCCIeJOBAHUS ¢ 2023. N223 (153)

[ dusuxa | 16

OH, . 0H, _0OE, O,
THoTg TS T ey T oz
0Hy . OH, _0E, 0F,
THo g TS G = T o
0H, .~ OH, _0E, OE,
Ho gy Tt 5 = 5y ~ oy a1
OE, . 0OH, 0H, 0H, (41)
079 "% Ty oz
JE, oH, oH, 0H,
09 TSy T T ax
JE, dH, oH, oH,
S0t T Tox oy

To ecTb MbI MOKEM MpPeACTAaBUTh BTOPOE U YETBEPTOE ypaBHeHMeE B cucteMe (40) aHAIOTMUYHO ypaBHe-

HusM (41) B Buge:

) a .\ D W d
lha lpl - Ch@ lP1+ Clha q”z - Clh; LPZ—O,
) a .\ D N

lha lp3 - Ch@ lp3+ Clha lIJ4 - Clh; lp4_0

(42)

CoKpaTuB Ha TIOCTOSIHHYIO HnaHKa h, u YMHO)KI/IB Ha —i OTyYUM:

‘Pl—i-lc l}’1+ Cox
E‘P3+105‘P3+c

d
Elp‘} - Czlp‘l - 0.

4 —
lpz E lpz _0, (43)

NHbIMU CJIOBaAMM, MbI MMe€EM JIBad UAECHTUYHbBIX YPABHEHMNMA, KOTOPbIe MOTYT TOJIbKO OT/IMYATbCS Yepe3
CIJYHKLU/II/I. O,HHHKO, €CJ/IM UCXOOUTDh U3 YCOBEPIIEHCTBOBAHHBIX ypaBHEHI/Iﬁ MaKCBe)'IJIa, TO MbI MO>X€M UX BbI-

Pa3nuThb Kak:

lpl = goE,CqJZ =H= CE,

Wy =p,H =

VIHBIMM CJIOBaMM MbI HOJy4aeM (U3UYECKUE
aHajioru peanusanuii pyakuuit ¥; u ¥,, a Takke
W3 u Wy, BoIpa’KeHHBIX Uepes peajibHble 3JIeKTPO-
MarHuTHbIe COCTaBJsoKe 10 (41) C yuéTOM KOH-
CTaHT 3JIEKTPUYECKOI M MarHUTHOM MpPOHMIIAe-
MOCTH, TO €CTh COCTOSIHUSI Cpefbl. DTO O3HAYAeT,
YTO YCOBEpIIEeHCTBOBAaHHbIe YypaBHeHMsI Makc-
BeJIJIa OTPaKaloT peasibHble 06bEKThI B BUIE JIeK-
TPOHHBIX U MIOOHHBIX HEWTPUHO U AaHTUHEN-
TpuHO. COGCTBEHHO 3TO 00bSICHSET 3G PEKT aHHU-
TUJISILIAY 3JIEKTPOHA M TIO3UTPOHA, KOTOpPbIe OIMM-
CBIBAIOTCSI CUCTEMOJ ypaBHeHUs1 [lupaka C moy-
yeHMeM GHOTOHOB. [IOHSITHO, YTO naHHbHZ :—)(b(beKT

a
qul lp4+(,‘
a
Eq‘% lp2+(,‘

JTO CBSI3aHO C TeM, YTO B CUCTEME ypaBHEHUIA
HOupaka (40), ypaBHeHUsI He MOTYT MMETbh UIEH-
TUYHBIN B, TaK Kak B 3TOM CJIydae IIPOUCXOOUT
accolMaTMBHOE CIOXeHMe 6e3 B3aMMOJEeNCTBUS.
Pa3zHuua B 3HaKax MeXIy YpaBHEHUSIMM, MOXXHO
XapaKTepMu30BaTh KakK pe3ysabTaT yyacTusi B hop-
MUPOBAHMM MAaCChl [IOKOSI HEMTPUHO U aHTUHE -
TPUHO, KOTOPbIE Mbl BUAUM IIpU pacnaje 4acTuil,
a HajguuMe OOpaTHO-TMPOIOPIMOHAIBLHON CBSI3U
MeXny (QYHKUMSMU KakK IPOTUBOIOJIOKHOCTE,
ToKa3aHHass B KBAHTOBOW MexaHuke [14]

_r
(ceg)E’

W, =c¥, = E. (44)
TpeBpalieHNsI MOKeT OBITh CBSI3aH TOJBKO C B3au-
MOJEJCTBMEM  3JIeKTPOHHBIX M MIOOHHBIX
HeJTPMHO M aHTMHEWNTPUHO, TaK HUYErO MHOTO U
HeT. Kpome Toro, Mbl umeem usnveckuii CMbICT
pasInuuili MexXIy 3JIeKTPOHHBIMU HETPUHO (aH-
TUHENTPUHO) ¥ MIOOHHBIMY HEMTPUHO (AHTUHE -
TPMHO) 3@ CUET KOHCTAHT 3JIEKTPMUUECKON U Mar-
HUTHOW MPOHUIAEMOCTH 0e3 BbIITyMBIBAHUS Jie-
BOJ M MpaBOil MaTepuu MO PUCYHKY. [lepBoe u
TpeTbe ypaBHeHMe B cucteMe (40) oTamnyaeTcs OT
BTOPOTO ¥ YETBEPTOTr'0 YPaBHEHMS B 3TOM CUCTEME
3HaKOM CJIO’KeHMS BMeCTO 3HAaKa BbIYMTAaHUS, KO-
Topblﬁ 0603Hava poTop (rot) B BUIE:

W, + Sy, =,
L, oo W) =0, (45)

XapaKkTepusyeT pasiinune B BUJe 37eKTPOHHBIX U
MIOOHHBIX HEMTPMHO (AHTUMHENTPUHO). DTO pas-
JM4yue CBSI3aHO C ABMKEHMEM OObEKTOB B ITPOTU-
BOTIOJIOKHOCTM M TaKKe eCTb Ha IpakTUKe Mpu
pacmage vactull. [IOHSITHO, YTO 3TOT HAGOp 3JIeK-
TPOHHBIX ¥ MIOOHHBIX HEMTPUHO ¥ aHTUHENTPUHO
obecreunBaeT 3aMKHYTOe B3aMMOJIe/ICTBME B CU-
cTeMe ypaBHeHMi1 [lupaxa ¢ coboneHeM 3aKOHa
COXpaHeHMs KOJIMYECTBa B COOTBETCTBUM C (oOp-
MYJION YpaBHEHMSI 3HEpPruy DMHIITEHA U OTpa-
KaeT ABVOKYILYIOCS YacTUIly (KOPITyCKYJSIPHO-
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BOJIHOBO# 0OBEKT).

Takum o06pa3om, yepe3 yCOBEPIIEHCTBOBAH-
Hble ypaBHeHMs MakcBe/jia Ha OCHOBe (8), rae
MpOEeKUMY Ha BpeMsl 31eKTPOMarHUTHBIX COCTaB-
JISIOUIUX 3aMeHeHbI IJIOTHOCTbIO CTOPOHHUX TO-
KOB, C YYETOM B3aMMOJENCTBUS Yepes3 oneparnio

i(V?H — 1/c?0%H/0t?) = —iceograd®, — £,0P /0t + rot A;
icegH = —icgggrad®, — £y0P /0t + rotA.

rot MOMy4aeTcs MpefcTaBiieHue 3J1eKTPOMarHuT-
HOJ1 BOJTHBI C MIOAUYMHEHVEM ypaBHeHUSIM ['ebM-
rosbia 4vepe3s (YHKIUM BEKTOpP IIOTEHIVAIOB
(MHOe MCKITIOUaao Obl CBSI3b IMPOTMBOIOJIOXKHO-
CTei) AjsT MAarHUTHOM HANpsDKEHHOCTU TOJIS
BOJIHBI B BUJE:

(46)

U nns BJIEKTpI/I‘leCKOﬁ HaHpS[)I(éHHOCTI/I I10JIS1 BOJIHBI B BU€:

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

(47)

C y‘léTOM CMMMETpUn Q)MBM‘IQCKIAX 3dKOHOB B ITPOTMBOIIOJIOKHOCTAX MbI HOJDKHBI 3allMCaTb BUO OJIA

BOJIHBI OT BEKTOP IIOTEHIIMaJia @ Kak:

(V2 —1/c292®/0t?) = —icuggradH, — uy0H/0t + rot E;
icug® = —icupgradH, — u,0H/0t + rotE.

U 171 BUA BOJIHBI OT BEKTOP MOTEHIMana A Kak:
i(VZA—1/c?0%A/0t?) = —icuggradE, — uy0E/dt + rot H;
icegA = —icgggradE, — £y0E/0dt + rotH.

MpI 3HaeMm, 4TO ypaBHeHMS JypaKa BbIBOISITCS
U3 ypaBHeHUSI 3Hepruu DiiHIITelHa. [Ipu 3TOoM
cBsI3b QyHKIIMI [IMpaka C 3/1eKTpOMarHMTHBIMMU
COCTaBJISIIOIIVMU HAMU YCTaHOBJIEHA, TaK KaK Mpu
Macce TOKOSI PaBHOM HYJII0 MbI IOJly4aem, 4TO
GYHKUMM  yCOBEpIIEHCTBOBAHHBIX  YpaBHEHMUIA
MakcBesia COOTBETCTBYIOT (YHKIMSIM ypaBHe-
Huit [upaka. OTciofa ecTeCTBEHHO IpeJioJio-
KUTh, UYTO MCIIOIb30BaHME 3IeKTPOMArHUTHBIX

(48)

(49)

byHKUMI B cucTeMe ypaBHeHMit [Iupaka Takxke
JIO/DKHO MPUBOOUTH K COOTBETCTBUIO YPAaBHEHUIO
SHeprum JifHIITeliHa, TeM 6ojiee, YTO OOBEKTHI,
IpM B3aMMOJENCTBUM C JPYIrMMU OOBeKTaMy,
OIMCBIBAKOTCS 3NMEKTPUYECKMMY U MarHUTHBIMU
COCTaBAAIIMMU. [Ipy YMHOXEHUM HAa MHUMYIHO
eIVHULY | ypaBHeHMUI1 u3 cucreMmsl Jupaxa (39)
MoJTy4aeM BUJ:

_po ichlw _chlw _ chlw =im. 2
hat‘l’1+1chay‘}’4 Chaxlp“ chaZ‘P3 imoc*¥,,

a .0 F] a L,
_h=— - Jall —ch=W.+ch— WY, =
hat‘l’z lchay‘l’3 Chax‘}’3 Chazlp‘* imgc*¥,,

_po ichl W chlw bW = im. 2
hat‘l’3+1chay‘l’2 chaxq’z chaZ‘P1 imgc?¥s;,

(50

2 . .0 ] a o,
-h— — — — ch—W. +ch— = .
hat‘ﬂ lchay‘{’1 chaxll’l chaZ‘P2 imgc*¥,

AHANOrMYHO MBI MOKEM BBINIMCATh HUKHME YPAaBHEHMS B YaCTHBIX ITPOU3BOAHBIX U3 (48) n (49) ¢ nipen-

CTaBJ/IEHMEM COBIIaeHMs 110 3HaKaM:

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

-0H,/0t-icOH,/dy-1/100E/0x+1/00E,/0z =ic®;
-0F,/0t+icOE,/dy-1/200H,/0x-1/e00H,/0z=-icA;

(1)

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

[Tpu 3TOM, IEPBOE U TPEThE YpPaBHEHME T10 3HA-
KaM He COBIIaZaloT C YpaBHEHMSAMM [iBa U YeThbIpe,
YTO TOBOPUT 00 MHOM TOPsITKe B3aMMOZENCTBUS
COCTAaB/ISIOIIMX, TaK Kak B IPOTUBHOM CiIyyae
6bUTO ObI aCCOLMATUBHOE CJIOKEHME WJIM BBIUMTA-
HUeE.

SIcHO, 4TO MpU CpaBHEHUM CUCTEMbI ypaBHe-
Huit Iupaka (50) u cucremsl (51) Ha OCHOBe 371€K-
TPOMATHUTHBIX (QYHKIMIT HEOOXOJMMO MMOKa3aTh
MIOEeHTUYHOCTh QYHKLMIA, TaK Kak camM BUJ, ypaB-
HeHUI1 coBniagaet. CiegyeT OTMETUTD, YTO BOJIHO-
Bble GyHKIMMK JIyu me Bpoiins B cucTemMe ypaBHe-
HMii [Iupaka ¥ 3JeKTPOMarHuTHble (QYHKIUMU B

(51) coBmapyT AUl B TOM C/Iydae, eciu Kaxioe
ypaBHeHne B (51) paccmarpuBaeTcsl B CUCTEME
HaOJ/II0deHNST aHAJIOTUYHOM TO¥, KOTOpast UCITOJb-
3yetcst [IpakoMm. MHBIMU CTOBaMU, 37€KTpPOMAr-
HUTHbIE COCTaBJISIONIME, aHAJIOTUUHO (QYHKIUSIM
Jlyu ne Bpoiinsi, HOMKHBI OTPaskaThCs B CUCTEME
ypaBHeHMi [Iupaka Kak MpOuU3BOJHbIE OT Pa3HbIX
repeMeHHbIX 10 KOOpAMHATaM AJMHBI U 3Haue-
HMIO BpeMeHU. MBI TOKa)keM 3TOT ITepexo[] HIKe.
BunHo, 4TO AJ1sI TOTO, YTOOBI MPUBECTU QYHKINA B
(51) Kk emnHOOOpPa3sHOMY BUAY, Kak B (50) HamIo mo-
MeHSTb 3HaueHust Er Ha Hr, U Hao60pOT. ITO
MOXHO CHenarb, eciaM Y4eCcTb pasHuUIly Ha
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KOHCTAHTBI 3JIeKTPMUUECKOI 1 MAarHUTHOM IIPOHMU-
[IaeMOCTel B cpele M0 KOOpAMHATaM IJIUHbI, UC-
XOnsl U3 paBeHCTBa H, = gycE, u E;, = ,uO(CZ/C)Ht,
TO €CThb — 3TO CBSI3b, KOTOPAs JO/KHA ObITh B IIPO-
TUBOMOJIOKHOCTU MEXIY TMOABWKHBIM U Heo-
IBVKHBIM 00beKTOM 10 CTO ¢ yu4éToM OTCUYETA OT
CUCTEeMbI KOOPAMHAT, MepeMeIlaIeics co CKOo-
pocThbio cBeTa. [leiiCTBUTENIbHO, B COOTBETCTBUM C
dbopmynoii (21), umeeM gy = u/c; uo = 1/(uc), uB
sTom cnyvyae H=uE, wun E=1/uH;, rnoe u

ompepensetcs: o hopmyiie (20), 1 CBSI3bIBAETCS C
MHTErpaJIbHOM YCPEeOHEHHOM CKOPOCTbHIO, Xapak-
TepU3YIOLIEel KUHETUYECKYIO0 IHEPTUIO 0OBEKTOB B
MPOTUBOIIONIOKHOCTH. TaK Kak y HaC CMMMeTpUyY-
Hble MpeoOpa3oBaHus Mo Gopmynam (46-49), To
IJIT BEKTOp TOTEHLMAIOB IPU MPOEKIUM UX Ha
BpeMsl, Mbl OyZeM MMeTh aHaJOTUYHbIE TTpeobpa-
30BaHMSI, TaK KaK MeHSeTCS TOJbKO CUCTema
HaOTI0IeHNST, a 3aKOHbI (U3UKM OCTAIOTCS Te JKe.
OTcioia BepHbI ypaBHEHMS :

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

~0H,/0t -i c*e00E,/dy-1/100E/0x +1/p00Ey/0z=ic®;
-0F,/0t+ic*00H,/dy-1/200H,/0x -1/200H,/0z=—icA;

(52)

-0E,/0t-ic’uo0H,/0y -1/e00H,/0x +1/c00H,/0Z =—icA.
Ec/u yuecTs, UTo oy = 1/c¢?, TO MOMYUUM CJIEIYIONINIT BUT ypaBHEHMIA:
-0H,/0t +i/w0E/dy -1/100E7/0x -1/100E,/0z=ic®;

-0H,/0t -i/1100E,/dy-1/1100E-/0x +1/p00E,/dz=ic®;
-0F,/0t+i/e00H,/0y-1/600H,/0x - 1/600H,/0z=—icA;

(53)

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

Mbl BUAMM, YTO MepBbie 1B YpaBHEHUS B CU-
creme (53) OTIMYAIOTCS TIO 3JE€KTPOMArHUTHBIM
(YHKIIMSIM OT OC/IeIHUX IBYX, a [JIs TIpeJicTaBe-
HMS B BUZE CUCTeMbl ypaBHeHMI [Iupaka ¢ mogum-
HEHMEM YpaBHEHMIO SHeprum OIDUHIITEHA UX

Ha/0 MPUBECTU B OJMHAKOBBIN Buf,. C 3TOJ 11e/IbI0
KOHCTaHTbI 3JIEKTPUUECKOI M MaTHUTHOM MTPOHU -
11aeMOCTHM B COOTBETCTBUM ¢ hopmyioii (21) mpef -
CTaBMM B BUJIE€ HEKOTOPOI 00IIel mepeMeHHOM U
M TOTJA CUCTeMa ypaBHeHMIi (53) mpumer BuUp.:

-0H,/0t +icudE,/dy -cudE,/0x -cudkE,/d0z=ic®;

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

(54

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

YunThiBasi CBSI3b MEXAY IJIEKTPUUECKUMU U
MarHUTHBIMM COCTaBISIOIMMU B Buage H=cE (310
M3HaYaJIbHas CBSI3b MesKIY

MIPOTMBOIIOJIOXKHOCTSIMM 4epe3 CKOPOCTb CBeTa
6e3 yuéta CTO, Tak KaK HET 3aps0B B IIPOCTPAH-
CTB€) MbI MOKEM 3allCaTh:

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

-0E,/0t -iu0E,/dy-udE,/0x +udE,/0z=icA;
-0E,/0t+ic*/udE,/dy-c?/udkE,/ox -c*/udE,/0z=—icA;

(55)

-0E,/0t-ic*/udE,/dy-c?/udkE,/ox +c*/udE,/0z =—icA.

ITpu aTom B (55) cunTaem, 4TO BEKTOp MOTEH-
IMaabl TAaKKe CBSI3aHbl 4yepe3 CKOPOCTh CBeTa
(CBOVICTBO CMMMETPUM TIPU HAGTIOIEHUN U3 TIPO-
TUBOIIOJIO)KHOCTM OTHOCUTEIIBHO TOW CUCTEMBI,
rae H=cE), Tak Kak Mbl ell[€é He uMeeM TpeiCTaB-
JIEHUSI KOPITYCKYJISIPHOTO oObekTa mpu audde-
PEHIIMPOBAHUM JIEKTPOMATHUTHBIX (QYHKIMIA Ue-
pe3 3HaueHMe CKOPOCTHM B Halllei cucTeme HabIIo-
IeHUs:

D=CcA. (56)

VuuThIBast, YTO B CUCTEME YpaBHEHUSIX JIupaka
KO3 UIIMEeHT Ipy BOJTHOBOI GyHKIMM ¥ 6e3
HaJIMYMS TPOU3BOSHONM OTpaskaeT SHEPTUIO MaCChI
IIOKOSI My =1/C, TO MbI MMe€eM CBsI3b B Bupe moc* ¥
=c¥. COOTBETCTBEHHO 3TO yCJIOBME OYAET BbITOJI-
HAThCS, eciu A=E. To ecTb, B JAHHOM CJTy4ae MbI
BBIOpaA/IY BapMaHT CUCTEMbI HAOJIOIEeHMsI, KOTIa
BEKTOp MOTeHLMaI A oTpaxkaeTtcsi yepes E. B utore
MMeeM:

-0E,/0t +iudE,/dy -uokE,/dx -udkE,/0z=icE,

-0E,/0t -iudE,/dy-udE,/0x +udE,/0z=icE;
-0E,/0t+ic’/udE,/dy-c*/udE,/0x -c*/udE,/0z=—icE;

(57)

-0E,/0t-ic*/udE,/dy-c?/udkE,/ox +c*/udE,/0z =—icE.

B aToMm ciyvae, 1o aHaIOTMM C CUCTEMOI ypaB-
HeHuit [IuMpaka, ™Mbl IIOAy4aeM, YTO TMpHU

HadanbHbIX yHKUMSX E, E,, E,, E, E; Mbl TO/IKHBI

VAOBJIETBOPUTh  YETBIPEM  YpPaBHEHUSIM  [JISI
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COOTBETCTBMUSI YPABHEHUIO dHEPTruM DIHIITEIHA.
OpHako, 3TO BO3MOXHO TOJBKO B TOM CJIy4ae,
ec/I B K&KIOM M3 ypaBHEHU (CUCTeMbl HAOJTIO-
IeHus) 3HaueHus GyHKUNi (00beKTOB) Ey, Ey, E,, E;
BBICTYIIAIOT B KauyeCTBe 3HAYEHUIl U3MEHSIEMbIX
TepeMeHHbIX, OTHOCSIIMXCS K Pa3HbIM CUCTEMaM
NpeACTaBIeHUs] CUCTEM KOOPAMHAT, M OTPAKAIOT
pasHble QyHKIMK Buaa Wi u Wy, a Takke Wi u Wy,

Wi=E\={Ex, Ey1, Ez1, En}, Wo=E2={Exs, Ey2, En, En},
Ws=E3={E, Ey3, Ez, Es}, W4=E4={E\4, Eya, Ez4, Eta}.

B aTux GyHKOUSIX HAMPSKEHHOCTD JIEKTpUYe-
CKOTO IT0JIS € IpoeK1ueil Ha BpeMs E; B pe3yJibTaTe
MIpUBEIEHNS K eqMHO0OPa3HOMY BUIY CTaja WUT-
patb pob GyHKuMit Ey;, Eys, Eys, Eys. 9TO O3HAYAET,
YTO IpeACTaBIeHe 00bEKTa M KOMIIOHEHT 3aBMU-
CUT OT CUCTeMbI HAOIIOOeHNSI, UTO U OIpeesisaeT
Ha/JIMuMe MPOTUBOIOIOXKHOCTe . COGCTBEHHO 9TO
YCJIOBME YKe IPaKTUYeCcKu ObIIO YCTAHOBJIEHO,
KOTJIa B 3aBUCUMOCTU OT CUCTEMbI HAOIIOHEHNUS
ompeJesisieTcsl NMpeacTaBieHue 3MeKTPUUeCKUX U
MarHuTHbBIX KoMIrioHeHT, a CTO m OTO DIiiH-
HITeiiHa yTBepAMIO TpeobOpas3oBaHMe IJIMHBI BO
BpeMs ¥ Ha060POT. A 3TO ¥ 03HAYAET, UTO B 3aBU-
CMMOCTU OT CUCTEMbI HaOIIOAeHMSI OGHA U Ta Ke

Kak 3TO IIPUHSATO B CUCTeMe ypaBHeHUi1 [lupaka. B
3TOM cJiyyae 3HaueHus GYHKIOUIA — 00beKTOB E,,
E,, E,, E; iMel0T NpeCTaBeH) e 10 BCeM YEThIPEM
KOOpJVHATaM, TO €CTh [OJTHOCTbIO OIPeeIsSIIOTCS
B MPOCTPAHCTBE U BPEMEHU U He UMeEIOT He3aBU-
CMMOCTHU OT IIPOCTPAHCTBA ¥ BpeMEHN.

B urore nmeem pasnoskeHue 1o KOOpPAMHATAM,
IJle BOJIHOBbIE (PYHKIIMYM MMEIOT BUI:

(58)

KOMIIOHEHTa OTpa’kaeT pas3HOe IIpe[CcTaBlIeHMe.
@daxkTMyecky Mbl MMeeM 3aMKHYTOe B3auMOJeli-
CTBUE YeThIpeX OOBEKTOB (AHAJIOTMYHO 3aMKHY-
TOMY B3aMMO/,e/CTBUIO 10 KOOPAMHATAM JIJIMHBI U
BeJMYMHEe BpeMeHM B MHBApMaHTHOM dopme)
OTpaskeHMeM ITUX 00BEKTOB B IPOCTPAHCTBEHHO-
BpeMeHHOIt cpepe. IIpenctaBum 5Tu GYHKUUU
aHaJIOTMYHO BOJMHOBbIM GyHKUMsIM IlIpénuuHrepa
[15], HO 6e3 HOpMMPOBOYHOTO KO3dduleHTa B
BUJe NOCTOsIHHOV [TnaHka:
Y(t,r)=exp|-i(Eit-Pwx-Pyy-E.z)|=exp[-i(Et-Pr)]. (59)
B aTom citydae ypaBHeHMs (57) pacmuiiem I0o
GbyHKUMSIM B COOTBETCTBUM C cucTeMoli [Iupaka B
BUAE:

-0W,/0t-ic¥; +iudW,/0y -ud ¥4/0x -ud¥s/dz=0;

-0¥,/0t -icW-iudWs/dy-udWs/ox +ud ¥./0z=0;
-0Ws/0t+icWs+ic?/ud W./0y-c?/ud ¥s/0x -c?/ud¥,/0z=0;

(60)

-0W,/0t+icW-ic?/udo¥,/0y-c/ud¥,/0x +c?/ud ¥,/0z =0.
C yuétom omnepauuu nuddepeHupoBauus mo ¥ nmeem:
i(E-C)lpl-iUPXqJ4—UPyl}J4—iUPZlP3=O,

I(E —c)‘Pz—iuPX‘P3+uPy‘P3+iuPZ‘P4=O,
i(E+C)¥s-ic’/uP¥,-c*/uP,¥,-ic’/uP,¥ =0,

(61)

i(E+C)Y4-ic?/uP¥1+c*/uP,¥ 1 +ic?/uP,¥»=0.

[anee yMHOXXaeM ypaBHeHMS Ha —i:

(E-C)lp1-Ulep4+l'UPylp4-UPleg=0,

(E -C)lpz-Ulepg-iUquJ3+UPle4=O,
(E+0)¥s-c%/uP ¥, +ic?/uPy¥,-c?/uP,¥:=0,

(62)

(E+0)W4-c%/uPW-ic/uPy¥+c*/uP,¥,=0.
C yuéToM BbIpakeHUsI ONHMX QYHKIMI Yepe3 Ipyryue AJsl CBOOOAHONM YacTUIbl 6e3 BHELIHEro 3J1eKTPOo-

MAarumMTHOTIO I10JIA IToJIydyaeM:

Yi=(uPW4-iuP,¥4+uP,¥s)/(E-c),

Yo=(uPWs+iuP,Ws-uP,¥4)/(E-c),
Ws=(c/uP\W¥2-ic’/uPy¥+c%/uP,¥1)/(E+c),

(63)

W,=(c¥/uPy Y1+ic?/uP\¥1-c>/uP,¥,)/(E+c).
Hasee mopacrasisieM OgHM (PYHKIMY BMECTO IPYIUX, UYTO COOCTBEHHO ¥ XapaKTepu3yeT B3auMO/IeiCcTBIe,

Y COKpaliaeM MomoOHbIe UEeHbI:

l'p1=CZ[PX(PXLP1+iPylp1-lepz)-ipy(Pqu1+iqu11-qujz)‘l'

+PPW,-iP W+ P )|/[(E-)(E+0)],
lp1=CZ[PleP1+1'PXPylP1- Pxpzlpz-iPnylp1+Pyle1+iPszlp2+

(64)

+P.PW,-iP.PW,+P W1 )/[(E-C)(E+0)].
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IIpu mo=1/c, moryyaeM ypaBHeHUE KOPIIYCKY-
JISPHO-BOJTHOBBIX OOBEKTOB COOTBETCTBYIOIIETO
BO3BefeHNI0 (OPMYJIbI SHEpPrMyu DIHIITEHA B
KBajapare:

(E*:-me*chW1=c?(P2Y, +Py2lp1+Pzzlp1). (65)

[Tpu B3SITMM KBaAPATHOTO KOPHS U3 00euX ya-
cTeii ypaBHeHMsI (65) moryyaeM ypaBHeHMe SHep-
MU 7151 OTJe/IbHBIX YacTUl] B BUze:

Elpl1/2=i[m02C4+CZ(pX2+py2+pZZ)] 1/211111/2. (66)

ITpu cpaBHeHUM C (23) MbI BUIUM, YTO GYHK-
ns W12 coorBerctByeT GyHKIUU W, 11 3TO 03Ha-
YaeT, UTO KOPITYCKYJISIPHOE IBVDKEHNE B BUJE IIPO-
TUBOITOJIOKHBIX YaCTUI] (3apSIL0B) B OAHOM IPOTU-
BOTIOJIO(KHOCTU OMMUCHIBAET 3JIEKTPOMAarHUTHOE
U3JydeHue B OPYTOii MPOTUBOIIOI0XKHOCTH.

Cokpaiasi Ha BOJIHOBYIO (DYHKIIUIO, ITOTyIaeM
ypaBHEHME SHEPruu IDVHINTENHA AJ1s1 4acTUIbI B
YKCTOM KOPITYCKYJISIDHOM BUJIE:

E=t[moc*+c* (P2 +P?+P7)|"2. (67)
AHa/IOTMYHBIN pe3yabTaT Mbl MOKEM ITIOJIYYUTH
Y IS APYTUX BOJIHOBBIX (PYHKIINIA, KOTOpbIE OTOG-
pa)kaloT MHbIE CUCTEeMbI HAOMOOeHNs. 3Iech cie-
IyeT OTMEeTUTb, YTO MbI B COOTBETCTBUM C (67)
rMeeM (HaKTUUYECKM OTPaskeHMe 3apsiia YaCTUIIbI
3a CUET 3HAaKa, TO eCcTb Mo (67) XapakTepusyeTcs
IBUKEHMe 3JIeKTpoHa MM MNo3uTpoHa. OpgHaKko
KaK ObITh C OMMCAHMEM TaKMX YACTUIL KaK MTPOTOH
M aHTUIIPOTOH, KOTOpbIE TaKXke IPUCYTCTBYIOT
MpU B3aMMOJENCTBUSAX? 34€eCh CleAyeT BCIOM-
HUTb, 4TO B (57) MbI BbIOpasM BapuaHT A=E, TO
€CTb, BAPMAHT CUCTEeMbI HAOTIOIEeHUS OT BEKTOP
moteHuyan A. OOHAKO MpU BbIOOpE OTpasKeHUs
IPYTOii CUCTeMbl HaOMIOeHUS Yepe3 BEKTOp I0-
TeHMan @, c yaétoM (56) Mbl IMOJTy4yaeM CUCTEMY
ypaBHEeHMUI1:

-0H,/0t +icuodE,/dy -cudE,/0x -cudkE,/0z=icd;

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

(68)

-0E,/ot-ic/udH,/dy -c/udH,/0x +c/udH,/0z =—i®d.

YUnThIBast CBSI3b MEXAY 3eKTPUYECKMUMU U MATHUTHBIMU COCTaB/SIONMMU B Buae H=cE (3TO U3HAYaJb-
Hasl CBSI3b MEXKIY ITPOTUBOIIOIOXKHOCTSIMM Uepe3 CKOpoCcThb cBeTa 6e3 yuéta CTO) MbI MOKEM 3aIMCaTh:

-0E,/0t +iudE,/dy -uok,/0x -uokE,/0z=i®;

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

(69)

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

IToHSITHO, UTO CMCTeMa HAOIIOIEHMSI OT BEKTOP MoTeHIMana @ yke He COBHAIAeT C CUCTEMOI Habmome-
HMS OT BekTopa E, u 3Ta cBsI3b umeeT Bui: O=cE/sp=c’/uE. InbpIMu cioBaMm Ipyu 3ameHe E Ha A MbI MUMeeM

aHasior opmyisi (15).
B utore umeem:

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

-0E,/0t -iudE,/0y-udE,/0x +udE,/d0z=ic? JukE;
-0E,/0t+ic*/udE,/dy-c*/udE,/0x -c*/udE,/0z=—ic? Juk;

(70)

-0E,/0t-ic?/udE,/dy-c*/udE,/0x +c*/udE,/0z =—ic? /uE.
Iajee 110 aHAJIOTUU B COOTBETCTBUM C CUCTEMOI [lupaka umeem:

-0W/0t-ic’/u¥; +iudW,/0y -ud W/0x -ud¥s/0z=0;
-0W,/0t -ic*/uWs-iud¥s/0y-udWs/0x +ud ¥,/0z=0;

-0Ws/0t+ic?/uWstic/ud Wo/0y-c%/ud W-/0x -c*/uo¥,;/0z=0;

(71)

-0W,/0t+ic? /uWy-ic?/ud¥,/dy-c%/ud¥,;/ox +c*/ud ¥./0z =0.
C yuétom omnepauyu auddepeHunpoBanus rmo ¥ noayyaem:

i(E-c%/u)¥1-iuPy¥ s-uP,¥,-iuP,¥5=0,

i(E -c/u)W¥y-iuP,¥s+uPyWs+iuP,¥4=0,
i(E+c%/u)Ws-ic?/uP\¥z-c*/uP\¥,-ic*/uP,¥:=0,

(72)

i(E+c/u)¥s-ic/uPyW1+c%/uP¥1+ic%/uP,¥,=0.

[anee yMHOXaeM ypaBHeHMS Ha —i:
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(E-c/u)¥1-uP¥ ++iuP,¥4-uP,¥3=0,

(E -c4/u)¥3-uP¥s-iuP,Ws+uP,¥,=0,
(E+c3/u)¥s-c?/uP¥,+ic?/uP,¥,-c?/uP,¥:=0,

(73)

(E+c3/u)¥4-c?/uP¥1-ic’/uP,¥1+c?/uP,¥,=0.

C yuéToM BbIpaskeHMsI OJHUX QYHKIMII yepes apyrue AJisl CBOOGOTHON YyacTuIilbl 6€3 BHEIIHETO 3JIeKTPO-

MAarHmMTHOTIO I1I0JIA IToJIydyaeM:

\P1=(uPX\P4—iuPylP4+uPZng)/(E— CZ/U),

¥o=(uP\Ws+iuP,Ws-uP,¥,)/(E-c*/u),
Ws=(c/uPy\W¥2-icy/uPy¥+c%/uP,¥)/(E+c%/u),

(74)

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

Hanee moacTapiisieM OJHY PYHKIMM BMECTO IPYTUX, UTO COOCTBEHHO M XapaKTepU3yeT B3aMMOIENCTBIE,

Y COKpaliaeM momoOHbIe UJeHbI:

l'p1=CZ[PX(PXLP1+iPylp1-lepz)-ipy(Pqu1+iqu11-qujz)‘l'

PP i W P ) /[ (E-cH/u) (E+cHu)],
lp1=CZ[PleP1+1'PXPylP1- Pxpzlpz-iPnylp1+Pyle1+iPszlp2+

(75)

+P.PW,-iP.PW,+P W )/[(E-c¥/u)(E+c*/u)].

B pe3ynbTaTe nosiyyaemM ypaBHeHUE KOPITYCKY-
JISPHO-BOJIHOBbIX OOGBEKTOB COOTBETCTBYIOLIETO
BO3BeAeHMI0 (OPMYJIbI SHEpPrMM ODIHIITEHA B
KBajgpare:

(E:-cYu®)W,=c3(PPY: +P2Y1+PAY). (76)

C yuétom dopmyibl (20) umeeM:

(B2-mo*c*/(1-Va?/ )W 1=cA(P2W1 +P2W1+PAWy). (T7)

[Ipy mepexome K OBVMKYIIMMCSI 4YacTULAM
TOJIBKO B KOPITYCKYJISIPHOM BUJe UMeeM:

E=*] mo*c*/(1-vny%/c?)+c*(PZ +P2+PA)] 2. (78)

B sTOM Ciyyae MbI IpUXOAUM K OMMCAHUIO Ya-
CTUIIBI C MAacCO¥t MOKOsI GOJIbIIIel, YeM Macca Io-
KOSl 3JIEKTPOHA MM IO3UTPOHA, Yero He MoOria
OINCaTh KIacCcuyecKast KBAHTOBAsI MEXaHMKa.

Panee 1o (22) u (23) Mbl y6eauInCh, 4YTO Ya-
CTOTa BOJTHOBBIX MPOIIECCOB HAMIPSIMYIO CBSI3aHa C
KOHCTaHTaMU 3JIEKTPUUYECKOI U MarHUTHOM IPO-
HuilaemocTtu. [Ipy 3TOM MBI TOKa3aau, YTO MpPHU
HaJIMYMM MacChl TIOKOSI OOJIbIIIeN, ueM mMacca Io-
KOSI 9JIEKTPOHA (IO3UTPOHA), CKOPOCTD ABVDKEHMUSI,
dbopmupylolias Takyl Maccy, MOXXeT OTHOCUTBCS
TOJIBKO K ITPOTMBOTIOJNIOKHOM CHUCTeMe Habome-
HMSI OTHOCUTEJILHO a6COMIOTHOM CUCTEMBI OTCUETA
B cootrBeTcTBUM ¢ OTO. U B 5TOM CiTydae NOTeHLIU -
aabHasl SHEPrus B OJHOV TPOTUBOMNOJIOKHOCTU
BBITJISIIUT KMHETUUECKOI SHepruei B Apyroi mpo-
TUBOIOJOKHOCTU. COOTBETCTBEHHO BO3HMKaeT
BOIIPOC O CTAGMIBHOCTY YACTUI] C MACCO¥ TOKOS
BbIIIIe, UeM Macca 3JIEKTPOHA ¥ TTO3UTPOHA ¥ HEO6-
XOJMMO OOBSICHUTB, C UeM 3TO CBsI3aHO. [IIs1 pe-
IIEHMsT 3TOTO BOIIPOCA HalO O6PaTUTHCS K M3HA-
yajbHOM ¢opMyJie CBSI3U TI06ATbHBIX MPOTUBO-
TIOJIOKHOCTe [16] B BUIe:

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

@aKkTUYeCKM 3TOT 3aKOH OTpa’kaeT OCHOBHYIO
1701 (0] NpenCcTaBIeHUs 06BEKTOB B

(79)

MPOTUBOMOJIOXKHOCTSIX C YCIOBMEM, UTO BBIUMTA-
HMEe B OJIHOJ MPOTUBOIIOJIOXHOCTU MpeCTaBJis-
eTCsl CJIO’KeHMEM B APYTOi MPOTUBOIIOI0XKHOCTH,
TaK KakK MHade Oblia ObI MIOEHTUUYHOCTh. OmIHAKO
1o ypaBHeHU10 (79), Mbl BUIUM, UTO €CJIN B JI€BOM
YyacTM ypaBHEHMIT OT 3HaKa paBeHCTBa Haboma-
€TCSI pAaBEeHCTBO MPOTUBOIIOJIOXKHO HATPaBJIeHHBIX
371eKTPOMAarHUTHBIX COCTaB/SIOLMUX, TO B IIPaBOii
YacTH, U3-32 06PATHO MPOIOPIMOHATIBHONM CBSI3U
MIPOTUBOIIOJIOKHOCTEN, OYImeT HepaBeHCTBO, TO
e€CTb HEeOOHOPOJHOCTb, AJsS paBeHCTBAa CIpaBa
HeOoOXOIMMO MMEeTh 3HaUeHMe apTyMeHTa paBHOe
HYJII0, TO €CTh 0O'bEKT NOJIKEH OTCYTCTBOBATh. OT-
CI07a BBIBOJ, - IOJTYYUTh OLHOBPEMEHHO OJHOPOJ, -
HOCTb B MIPOTUBOMOJIOKHOCTSIX HEBO3MOXHO. To-
rIa COOTBETCTBEHHO BCTAET BoOMpoc: "[Ipu KakoM
HepaBHOMEPHOM 3/IeKTPOMAarHMTHOM pachpepe-
JIeHUM TI0 YacTOTe U MPOCTPaHCTBEHHO-BpeMeH-
HOI HEOJHOPOJHOCTM MOXXEeT HAaCTYIMUTh PaBHO-
BECHBIIf 3aMKHYTBI/I 0OMeH MeXAY IJT06aTbHbIMMU
MIPOTUBOIIONIOKHOCTIMMU?" Ha oCHOBaHUMU 06IIeii
dbopmyasl muposnanus (79) Mbl BUIUM, UTO IPO-
Lecc pacrnajga OT HEKOTOpOM HadvalbHOM Beu-
YMHBI MOKHO TpeJICTaBUTh B BUe: exp(-g) muin
1/exp(g). B Takom Buae Mbl MMeeM HOPMMPOBAH-
HOe K eAVHUIe KOJIMYECTBO B COOTBETCTBUM C
Ha/JIMuMeM KOHCTaHT. B IpOTUBOMONOKHOCTH pac-
naj npefcTaBUTbCS CMHTE30M C 3aKOHOM COXpa-
HeHUs KoamuecTBa: 1-exp(-g), 1-1/exp(g). Cob-
CTBEHHO 3TO 5KBMBAJEHTHO NMPUHLUITY paJMOaK-
TUBHOTO pacnaza B [17], a 06paTHbIi Mpo1ecc AaéT
cuHTe3. COOTBETCTBEHHO MBI MMeEM pacrpezesne-
HIe aHanornyHoe dopmyie ITnanka [18]:
<g>= g-exp(-g)/[1-exp(-8)] = g/[exp(g)-1]. (80)
Haunast popmyina (80) uckiouaeT "yabTpadu-
0JIETOBYIO KaTacTpody" ¥ COOTBETCTBYET 3aMKHY-
ToV cucrteme. To ecTb, HA OCHOBaHUM (POPMYJIBI
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(80) ¢ yuéToM uKcaa YaCTOT, MPUXOISIIUXCS HA
eIVHUIY 00bEMA ITOJIOCTH, ObLIa ITOJyYEHA W3-
BecTHas opmysa IlnaHKa, OTKya BbIUMCIISIETCS
SHepreTHMYecKoe pacripefeseHie Mo YacTOTaM U
ompenenseTcss MaKCUMMyM CIIeKTpa WU3IydeHUs
Wwax- JlaNee Mbl BCIIOMHMM, YTO IIPOCTPaH-
CTBEHHO-BpPEMEHHOe JVCKPUBJIEHME B MMUPO3ZIa-
HUM OIpedeNseTcss COOTHOIIEeHWEM KOHCTAHT
9JIEKTPUYECKOI ¥ MAarHUTHOM MPOHUIIA€MOCTH I10
dbopmyie: gypy = 1/c%. C yuérom uo=1/(cu), eo=u/c,
rae u=(c?-vp,?)Y2, a vpp — 3HaUeHMe VMHTEerpajbHOM
YCPEeTHEHHOM CKOPOCTU IBWKEHUSI OOBEKTOB B
MIPOTYUBOIIOJIOKHOCTU (TO €CTh 3TO OTOOpaskeHMe
KMHETUYECKOI SHepruu), OTHOIIeHMEe KOHCTaHT
MarHUTHOM U 3JIeKTPUYECKOIi TTPOHUIIA€MOCTH B
3TOM CJIy4ae IacT 3HaueHue:
(no/eo)?={[1/(ue)l/[u/c]} *=1/u=
=1/[c(1-Vnp?/c2)12J=120m.
Mbl BUIMM 3[€Ch PacxXoXIeHue C CUCTEeMOi
CH, koTopast maét 6e3pasMepHbIii KO3GDUIMEHT,
a y Hac MoJyJyaeTcsl 3HaUeHue U3MepeHus B eu-
HUIaX ckopoctu. OJHAKO, 3HAUEHMEe CKOPOCTU —
Vpp OTHOCUTCSI K IIPOTMBOIIOJIOKHOCTHU, a CaMMu
MPOTUBOIIOJIOKHOCTY CBSI3aHbI 4Yepe3 CKOPOCTh
CBeTa, KaK JIJIMHA U BpeMsl, I03TOMY IIpH epexo/ie
B IIPOTMBOIIOJIOKHYIO CUCTEMY HAGIIONEHMS, MBI
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IOJIKHBI 3Ty CBSI3b YUECTb uepe3 YMHOKeHUe Be-
JIMYMHBI 1/U HAa CKOPOCTH CBETA, U B pe3yIbTaTe 6y-
IeM UMeTh 6e3pasMepHbIil Koaddumment. Kpome
TOTO, MUPO3JaHMe HUYEro He "3HaeT" O CUCTeMax
U3MepeHUsl U OTlepUpPYyeT TOJbKO KOJIUYECTBOM, a
oHO 6e3pasmepHO. COOCTBEHHO CUCTEMBI U3MEpe-
HMS, TIpUAYMaHHble YYEHBIMY Jaiu TTapagoKC pa-
nuyca lIBapummabna, KOrJa CBeT He MOXeT
BBIMTU U3 TPABUTALMOHHOTO TIOJSI TPUTSDKEHUS
TaK Ha3bIBA€MOIi «UEPHOV OBIPbI», TO €CTh HapPY-
11aeTCs OCHOBHOM MPUHIIMITI TEpPMOAMHAMMUKMY, TAe
TOIJIONIEHNE PaBHO Mu3nydeHuoo. OTcioga u 6buia
NpuayMaHa TeJlelopTalus U3 «4€PHOI AbIPbI», TO
eCThb MOIUIN Yyzeca.

[MosTomy y Hac, MOMyYeHHOE COOTHOIIEHME SIB-
JisieTcsl SKBUBaJIeHTOM BbinojHeHuss CTO DitH-
nITeiiHa M pasHullad OIpepdesseTcs B CKOPOCTb
CBETa, TO €CTh B BeJIMUMHY B3aMMOJEVCTBUS MIPO-
TUBOIIOJIOKHOCTeN. [lajsiee, 3TO 3HaUeHMUe OKa3a-
JIOCb B TOJIHOM COOTBETCTBMM C OTHOILIEHMEM
Macchl IPOTOHA K Macce 3/71eKTPOHA C YUETOM Iie-
pexofa OT CpelHero MHTEeTPaIbHOTO 3HaYeHUs K
MaKCMMyMy CIIeKTpa M3JIy4eHUs B IPOTUBOIIO-
JIOXKHOCTH 3a CUeT KoadduiyenTa 4,965, KOTOPbIit
6bLT BhIUMCIIEH B [19]:

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

3mech my, — Macca MpoToHa, My — Macca Jj1eK-
TpOHA. 3HaUeHue, MoayuyeHHoe B (82), OTIMYAETCS
OT 3HaueHus, BbIUMCIEHHOr0O B  (¢uU3UKe
m,/m=1836, meHee, yemM Ha 2%. W 3To oTauumne
CBSI3a8HO C pa3HbIM IIPOCTPAHCTBEHHO-BpPEMEH-
HbIM MCKPUBJIEHMEM B MMUPO3JIaHUM, TO €CTh He-
onHopomHocThio. CoGCTBeHHO Mo (82) ciemyeT
orpefieiiTh U dHepreTMUecKue XapaKTepPUCTUKU
KOPITYCKYJISIPHO-BOJIHOBBIX OOBEKTOB, TaK KakK
Macca MMeeT OJHO3HAUYHYIO CBSI3b C dHepruei 3a
CUET yMHOXKeHMs Ha ¢. [IOHITHO, YTO B3auMO/eii-
CTBME MeHseT IapaMeTpbl JIEKTPUUECKOi M Mar-
HUTHO IIPOHUITIAEMOCTH B CpeJie, i 3TO U3MeHSsIeT
COOTHOIIIEHMEe MacC, B MPOTMBHOM C/Iydyae TOKa B
KaTyIIKe MHIYKTUBHOCTU T1OC/Ee CHATHUS Pa3HUIIBI
MOTEHIIMAIOB Ha KOHIIAX MPOBOJOB He Hab/oaa-
J10Ch 6bI. TaKMM 00pa30M, 0ObEKT M3MEHSET OKPY-
KAy cpeny ¢ GopMuUpoBaHueM MPOTUBO/IEN -
cTBUSA Ha ero gerictBue. Korma BiansHue o6beKkTa
MpeKpaliaeTcsi, OKpysKamwiias cpeia yxe BIUSET
Ha 00BEKT, TaK KakK cpela He MOXXET MTHOBEHHO
M3MEHUTb CBOM TapaMeTpbl M3-3a HAJIMUUSI CKO-
pocTtu cBeTa. IHBIMM CJIOBaMM, Cpella MMEET 006-
MeH C 00beKTOM (a OH, He MOXeT ObITh 6e3 IepBo-
Hava/IbHBIX IIPOCTEMIINX 00HEKTOB, KAKVMM SIBJISI -
IOTCSI 3JIEKTPOHHBIE ¥ MIOOHHbIE HEMTPUHO U aH-
TUHENTPUHO) U 3TO, KCTATU, OIIpenesiseT IOMUMO
TOJIST U3IYYEeHUST UM HaJuuue KBa3uCTaTUYeCKoro

371eKTPOMAarHUTHOTO ToJsl. IMEeHHO 3TO B3auMO-
IeiicTBMe 00bEKTa U Cpedbl U JaéT QyHKIMIO JIyn
e bpoiins onpenenéHHOM 4acTOThl. IHBIMU CJIO-
BaMM MbI MMeeM HeKyI0 3aMKHYTYIO pe30HaHCHYIO
CUCTEMY B3aMMOMENCTBUS Uepe3 OO6MeH MeXKIy
06BEKTOM U CPeJIoii.

TakuM 006pa3oM, Ha OCHOBE YCOBEPIIEHCTBO-
BaHHbBIX YpaBHeHMI MaKkcBeia HaM yaaa0Ch OTN-
CaTh CBS3b 3JEKTPOMArHUTHBIX BOTHOBBIX MPO-
I[eCCOB ¢ 00pa3oBaHMeM  KOPITYCKYJISIPHBIX
CBOVICTB C Pa3aMYHOM MAacCCOi IOKOSI OT IIPOCTOTO
MpefCcTaBAeHNsI K CJIOXKHOMY INpPeACTaBIeHUI0, U
O06GBSICHUTH YCTOMYMBOCTD M Pa3HUITY MacC MeKIY
MIPOTOHOM M 3JIeKTPOHOM. VIMEHHO 3Ty MpobaeMy
He MOIJa peluTh Kaaccuueckasl 3JIeKTpOoAuHa-
MMKa M KBAaHTOBAsi Me€XaHMKa JJIs1 00beIVHEeHNS
KOPITYCKYJISIPHBIX ¥ BOJTHOBBIX CBOICTB C TOTyYe-
HMYeM 3aKOHa B3aMMHOTO Iepexoja, XoTs (GakTu-
YecKM [IJII ITOTO BCe HeOOXOAVMble ypaBHEHMS
ObUTM y3Ke TIPAaKTUYeCKy IoSyuyeHbl. VIHbIMM CJ10-
BaMU Halll aHAJIN3 C YIYETOM HaJIMUMS OOILEro mpo-
CTPaHCTBEHHO-BPEMEHHOIO U 3JIEKTPOMArHUT-
HOTO KOHTMHYYMA C ON1CaHMeM JII060ro 06'beKTa B
4-x MepHOM IIpe/icTaB/lieHu (MHOe TaéT He3aBu-
CMMOCTbH 06bEKTa) MO3BOJIWII OIMMCATh (GOpMUPO-
BaHMEe OGBEKTOB OT IMPOCTOTO MpPEICTaBIeHMUS K
CJIOKHOMY Ha OCHOBE KOPITYCKY/IIPHO-BOJTHOBOTO
Iyanusma.
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TEXHUYECKHUE HAYKH

AHTPOIIOB MBaH AHapeeBu4
cryaeHT Kadenpsl «TexHochepHas 6€30MaCHOCTD,
WHCTUTYT CepBUCa U OTPACIEBOTO yITpaBiaeHus, TIOMeHCKMIT MHAYCTPUATbHBIV YHUBEPCUTET,
Poccug, r. TroMeHb

COBEPIIEHCTBOBAHUE MEPOITPUSITUN
10 OBECITEYEHMIO ITPOMBIIIJIEHHONM BE3OITACHOCTU
C IIOMOIIBbIO BECIIMJIOTHO! JIETAIOIIEN AITIIAPATYPHI

AHHOmauusa. B cmamee paccmampugaemcs Meponpusimue no yayduieHue cucmemst obecneueHus npomulul-
JIeHHOlI 6e30nacHocmu mpy6onpoeoda HeliHez0 MPAHCNOpmMd, HA Npumepe npuMeHeHus: 6ecnUI0MHoLL 1emaro-

weti annapamypot.

Kntouesnte cnoea: 6630naCHOCmb, npombluliIEHHAA 6630naCHOCH’Ib, npo@ykmonposoa, becnunomuas Jsemaro-

was annapamypa.

B HacTosllllee BpeMsT Ha MeCTOPOXAEHUSX,
Haxomamuxcs B SIMano-HeHellkoM aBTOHOM-
HOM OKpYTe, HapY>KHbIIi OCMOTP IPOIYKTOIIPOBO-
IIOB MPOBOIMATCSI CIEAYIOLIVIMM CIIOCOGAMM

- obxon;

—  o00be3n;

—  obier.

[TpoAYyKTOIPOBOABI MPOXOMAST IO pPasHbIM, B
TOM YMCJIe TPYIHOMOCTYITHBIM, y4aCTKaM MEeCTHO-
CTU. MOHUTOPUHT Tpy6 Ha y4acTKaX, 1O KOTOPBIX
CJIOKHO T0OpaThCs Ha Ha3€eMHOM TexXHMKe, Mpe/-
cTaBjsieT Gosblnyio Ipobiemy. KBampoxkomTepsl
IMOMOTAIOT PELINTh €€: C MTOMOLIbI0 OeCIIUIOTHOI
JleTawolel annapatypsl (ganee — BIUIA) MOXXHO
JIETKO A00paThCsl A0 JIIOObIX YU4aCTKOB TPYyOOIpo-
BOJa, UTOOBI IIPOBEPUTH UX COCTOSIHUE.

ITpu 06716Te TPyOOIIPOBOIA HAa KBaAPOKOIITEpPE
oriepaTop MOXET:

—  U3Y4UTb 00II[ee COCTOSTHME TPYO;

—  BBISIBUTb CJIe[Ibl KOPPO3UY WU IPYTHE Je-
(eKThI ¥ IPUHSTH MEPHI K ITPeIOTBPAIeHUIO aBa-
pun;

—  HaWTM MecCTa, The MPOMU30IUI0 TOIMbIBA-
HMe TPYHTa WIM ero o0Baj, IMpOoaHaJIN3UPOBaTh
BO3HMUKIIIVE PUCKU U TIPUHSATD PelleHus;

—  06HapyXuUThb HECAaHKIVMOHMPOBAHHbIE
BPE3KM B TPYyOOIIPOBO/T;

—  HaiiTM yTeuku HedTH, rasa MIu OPYroii
TPaHCIIOPTUPYEMOIT CPeJibl;

—  MPOKOHTPOJMUPOBATH 0OIIee 3KOJIOTUYE-
CKO€ COCTOSTHME YIACTKOB, TI0 KOTOPHIM ITPOXOIUT
Tpy6orposox [1, ¢.107].

BrIMo/IHEHMEe BbINIEYKa3aHHBIX MePOIIPUSITHUI
OCYIIEeCTB/SIETCST 6J1arofaps MCIOAb30BaHUI0 He-
CKOJIBKMX BUJIOB ChE€MKM. BuieocheMKa pou3BO-
IIATCSI C TTIOMOIIBIO BM€0KaMepPhbl, YCTaHOBIEHHOM
Ha 6ecmIOTHBIN anmapat. OHa IPUMEHSIETCS ISt
HauboJiee OIMEpPaTUBHOTO BMU3YaJTbHOTO 00CIemo-
BaHUSI TEPPUTOPUM BHOJb TPACChl MarucTpasib-
Horo Hedrenpooma [2, c.110]. doTocbemka
MMeeT DS TIPEMMYIIECTB Haj OOBbIYHOI BUIEO-
CheMKOJi, TaK Kak MMeeT GoJjiee MIMPOKOe paspe-
meHue. ITocpeICTBOM CITeIVaTbHO CIIEKTPOMET-
puyecKoit 06paboTKM CHMMKA MOKHO OOHAPYKUTh
Ha/jMuMe KOppo3uu TPy6GOIpPOBOAA WM ApPyrue
nedekrtbl. TeraoBU3MOHHAS CbeMKa I103BOJISIET
BeCTU HabmoleHre B HOUHOe BpeMsI U B YCIIOBUSX
OTPaHMYEHHOI BUIMMOCTH, AAET BO3MOKHOCTb
BBISIBUTD YTEUKM ra3a WIK APYroit TpaHCIOPTUDPY-
eMOoJi Cpefbl, CIIOCOOCTBYET OGHApYKeHUIO TMPU-
CYTCTBMSI IOCTOPOHHMX B OXpaHsIeMbIX 30Hax. Co-
yeTaHue Pa3IUMUHBIX BUIOB ChEMKM TIO3BOJISET
HauboJIee MOHO OLIEHUTDb COCTOSIHVE 00beKTa.

CoBpeMeHHbIe KBaJpoKomTepbl (Tabm. 1)
MMEIOT XOpOIIMe JIETHbIE XapaKTEPUCTUKU, UTO
YCKOPSIET MOHUTOPVHT. MHOTHME MOJe/IN HafEXHO
3aIIMINEHbl OT BJIATM M 3arpsi3HEHUi, He 60sTCS
sKapbl ¥ MOPO3a, UTO MO3BOJISIET 06C/IeIOBATh TPY-
O0IMMPOBOIBI IPM 11000 TIOroie 1 B TI060€e BpeMs
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roga. Kamepsl, ycTaHaBIMBaeMble Ha HUX, oGecrie-
YMBAIOT BBICOKOE KaUeCTBO BUMIE0- U (POTOCHEMKH,
YTO, B CBOIO OUepe/ib, ITO3BOJISIET B IeTalsIX U3Y-
YUTb TPyOOIIpOBOA. [IpM ycTaHOBKE HA KBAIPOKO-
IITep TEeIIOBM30pa olepaTrop HabIoHgaeT 3a Tell-
JIOBOJi KAPTMHO ¥ MOXKET JIETKO BBISBUTH YTEUKY.

K ckazaHHOMY CTOUT M06aBUTb SKOHOMMUECKYIO
BBITOY MCII0/Ib30BaHMSI KBAPOKOIITEPOB [IJISI MO-
HUTOPUHIA TPYOOIIPOBOMOB: [JII VIIPaBJI€HUS
IPOHOM He HY)XHO IIpMBJIeKaTh KOMaH/y cIlenua-
JIUCTOB, @ 3KCIUTyaTal[MOHHBbIE PACXOMbl MPU UC-
nosb3oBaHuy BITJIA HeBenMKu.

Tabnuua 1
XapaKTepucTuKa COBpeMeHHbBIX KBaJPOKOIITEPOB

BIIJIA camoneTtHoro Tuma | BIIJIA camosieTHOro Tuiia BIIJIA BepTOI€THOTO

XapakTepyucTuka . . N
60JIBIIION TATbHOCTH cpeHel TaabHOCTU TUTIa MaJIOi JaJIbHOCTU

Pamuyc meiictBus | 50 — 70 km 15 - 25 km 2 - 5KM
[MpopomkuTenb- 4-54 1-2,54 40 - 60 muu
HOCTb TI0JIeTa
CKropocThb 65 — 130 xMm/4 65 — 130 km/u 30 — 50 km/u
B3neTHas macca 8 - 10,5 kr 2,5 -6,5Kkr 1,5 - 8kr
Macca 11e1eBoit 1,5-2kr 0,3-1kr 0,3 - 2kr
Harpy3Ku
Baner [THeBMaTMUecKas KaTa- DyaCTUUYHAaY KaTallyabTa BepTtukanpHas

MyabTa
ITocapka [TapauitoT, B ceThb ITapauitor, B ceThb BepTtuxkanbHas
Pasmax kpbia 2-3Mm 1-2m 0,6-15m
CTOMMOCTD 1,7 MiH. pyo. 1,2 MJTH. pyo. 0,9 MJTH. pyo.

Inst npoBeieHUsT BO3AYIIHOTO MOHUTOPMHTA
HebTeIpPOBO/IOB, PACIIOI0KEHHbIX Ha 3HAUUTETb-
HOM pacCcTOoSHUM 3(PEGEeKTUBHO MCII0Ib30BATh
BIIVTA caMoOJIeTHOrO TuIIa OOJIBIION HATbHOCTH.
st omepaTUBHOI pa3sBedKyu Tpacc TPyOOIIpOBO-
OB 1Ieiecoo6pa3Ho MpuUMeHsATh BITJIA camoreT-
HOTO THUIIa CpefHel manbHOCTH. [IJi1 06ciieoBa-

HY>KIAIOLMUXCS B AeTaTbHOM U3yUeHUU, OO0 YT
BIIJIA BepTOJIETHOTO TUIIA MaJIOi JAaJTbHOCTH.
Wcnonb3oBaHue OGeCTIMIOTHBIX JeTaTeIbHbIX
anraparoB II03BOJISIET ITIOBBICUTh SKOHOMUYHOCTD
06c1eToBaHMs 110 CPABHEHMIO C TPAAUIIMOHHBIMMU
crocobamyu ¥ YBEJIMYUTh KOJIMYECTBO BHUIETOB,
OAHOBPEMEHHO MOBBICUB KaueCTBO MOHUTOPUHTA

HUS 6JIM3KOPACITOIOKEHHBIX 00bEKTOB, COCTOSIHMSI He()TEITPOBOAOB M HAJIESKHOCTh MX 9KC-
rTyatauuy (Tabs. 2 u tabin. 3).
Tabmuua 2
3aTpaTsl Ha IVIAHOBBIN 06JIeT MPOAYKTOMPOBOAOB BepToiaerom MU — 8T
ITokasaTenu HaHHbIE
CpenHss ckopocTb BepToneta MU — 8T 160 xm/9
YacToTa objeTa 4 pasa B Mecs1],
Bpems ob6ieta (145 km) 60 MUHYT
CTOMMOCTD JIETHOM MVHYTbI 1041 py6ueit
3aTpathl 3a rof, 2998 ThIC. pybieii
Tabnuua 3
3aTpar Ha IVIAHOBBIN 00JIeT IPOJYKTOIIPOBOAOB KBaJPOKOIITEPOM
HaumeHnoBaHue Lena KonnuectBo CToMMOCTb
KBagpoxonrep 1700 ToIC. py6ieii 1 1700000 py6ieii
TernaoBuU3op 250 ThIC. pybIeii 1 250 ThIC. pybIIeii
KoMILTeKT 3amacHoro 900 ThIC. pybJIeii 1 390 ThIC. pyb6ei
060pyIOBaHYs
3aTpaThl HA TPAHCIIOPT 359,51 py6. B yac 240 yacoB 86,2 ThIC. py6IIeit

(YA3 - 39099)

3aTpaTsl Ha HepCOHA
(TpyOGOTIPOBOIUMK TN -
HeJHbBIN 5 paspsim)

328, 24 py6. B yac

2 * 240 yacos

157, 6 ThIC. pybIeii

Uroro:

2585 ThIC. pybIIEeit
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DKOHOMMYECKUIT IPGEKT MOC/e MepBoro roxa
coctaBUT 413 ThIC. pyd. C YYETOM CTOMMOCTHU
KBaJPOKOIITEPA C TEIJIOBM30POM ¥ KOMILJIEKTOB
3amacHoro o6opymoBaHusl (CPOK OKYIIaeMOCTU
nmpoekTa — 11 mecsiieB).

3auacTyio Mpy TOSBIEHUM HOBOTO TEXHOJIO-
TMYHOTI'O O60py,ILOBaHI/IH Y MHHOBALIMOHHBIX pelie-
HIIT BO3HMKAET BOIPOC BhIGOpA MEXOY MPOAYK-
TOM U yCIyroii. Beibop 3aBucUT OT 06beMa paboT.
O6beM paboOT MO0 MOHUTOPUHTY MaruCTPaJTbHBIX
He(TEeIPOBOIOB KOJIOCCATbHBINA. B CBSI3M € 3TUM
BBITOZHEE 3aBeCTV COOCTBEHHBIN (0T 6ecmiIoT-
HUKOB, He Ipuberast K ycjiyraM CTOPOHHUX KOMIIa-
Huit. YTo6BI HEe CO3aBaTh HOBBIN OTAEN, PallMo-
HaJIbHO GYIeT BKIIOUNTD B JO/DKHOCTHBIE 00SI3aH-
HOCTY PabOTHMKOB CIY>KObI 6€30ITaCHOCTY U TeX-
HUYECKOTO KOHTPOJISI OpraHm3aIuio paboT 1o Mo-
HUTOPUHTY C TIOMOUIbI0 6GeCIMJIOTHUKOB W

COTJIaCOBaHMe TIOJEeTOB C MECTHBIMM LEHTpaMu
pery/iMpoBaHusl BO3IYIIHOTO MPOCTpaHCTBA. s
3aKperieHusT HaBbIKOB YIIpaBJieHUSI JieTaTellb-
HBIMM almapaTtaMy MPOBOOUTb KOHKYPChI MPO-
(beccroOHATLHOTO MacTePCTBA Cpeii PaOOTHUKOB.

TakuMm 00pasoM, OIepaTMBHOE IOJyUYeHue C
nomoibio BITJIA MHbopMaIum o COCTOSTHUYM Ma-
TUCTPa/IbHBIX MTPOAYKTOIPOBOAOB U TEPPUTOPUM
BIOJIb HUX CYIIECTBEHHO 5KOHOMMUT [€HEXHbIe
Cpe[iCTBA U OTKPBIBAET HOBBbIE BO3SMOXHOCTU [JISI
0e30IacHOl 9KCIUTyaTallu¥ TPYOOIIPOBOILHOTO
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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ITVIIIKWH Cepreti AjIeKCAaHIPOBUY
CTyAeHT, Poccuiickuii 5KoHOMm4UeCcKuit yaHuBepcurteT umenu ['.B. [lnexanosa,
Poccus, r. MockBa

IMPUHIUIIBI 1 OCOBEHHOCTHU BbIGOPA HEHTPAJIBHOI'O ITPOLIECCOPA
ITP CBOPKE KOMIIBIOTEPOB JJI51 PEHIEHVSI CAMbBIX PA3HbBIX 3AJAY

AnHomauus. JlaHHas cmames npu3eaqa omeemums Ha onpoc “Kaxk Hayuumscs 8si6upame yeHmpaibHolll
npoueccop?”. B eé pamkax 6viiu pazodpamsl Xapakmepucmuku npoyeccopa u Ux 3asucumocms 0m peuaemblx
KoMRnblomepom 3adau, Hanpumep pedakmuposaue ¢omo uau ayouo, paboma ¢ 3D o6sekmamul u opucHsIMU NPU-
JIOXCEHUIMU, peHOepuHe, MatiHuHz u opyaue. [Ina xaxcdozo cuenapus pabomet IIK Obiiu nPOaHanU3Upo8aHsl Mu-
HUMAJIbHbIE U AKIYAbHble Ce200HS MpPeb08aHuUs, a MAaKice NPUULUHb! GOPMUPOBAHUS UMEHHO MAKUX Mpedo8aHuli.
Cmamea 0aém noHUMAHuUe OCHOBHBIX NPUHYUNO8 8b160pA Npoyeccopd, ciedys KOMOpbiM MONCHO UY8CMB08ams
ce0s1 KoM(popmMHO Ha pbiHKe UUNOB, He NPUBA3bIBASICL K KOHKPEMHbBIM MOOEISIM.

Knroueewle cnosa: yenmpanvHslii npoyeccop, 8vi6op CPU, makmoesas uacmoma, 10pa hpoyeccopa.

BBenenune

IToKyIiKa TOTOBBIX IT€PCOHATBHBIX KOMIIbIOTE-
POB BCE OOJIbIIIe YCTYTIAeT CAMOCTOSITETbHOM Py4-
HOJT c60pKe BBUAY 3HAUUTENbHOI 3KOHOMMMU. Of1-
HaKo, MeEHbIIME TpaThl BCEraa IOApasyMeBaioT
nmogBogHble KaMHU IIpodeccuoHana B o06sacTu
KOMIIbIOTEPHOM TEXHUKM U CIIelaaucTa B cepe,
T7le KOMITBIOTED SIBJISIETCSI OCHOBHBIM MHCTPYMEH-
TOM [IJis PaboThl, a He 06bEKTOM PabOThI, PeIKO
MOSKHO BCTPETUTh B JIMIle OJHOIrO vejioBeka. He
caMble OIIBITHbIE CHCTEMHbIE aIMMUHUCTPATOPSI
WM TIPOCTO OOBIBATE/ISIM, >KeJAlIMM COOpaTh
i 06HOBUTH cBoii ITIK, 4acTo CTaJIKMBAIOTCS JIN-
IIOM K JIMITY C OJHUM U3 K/TFOUEBBIX BOITPOCOB MPH
Mo60pe KOMIUIEKTYIONUX.

Kaxk BbIOpaTh MPOIIeCccop Mo, pPsii KOHKPETHBIX
3a7a4, KOra Ha PhIHKe TaK MHOT'O MOJieJiei, MHO-
IJa IMOYTM He PasauMuarllyuXcs B XapaKTepUCTU-
Kax?

OTBeT Ha 9TOT BOIIPOC MOKHO HaTV B MHTEP-
HeTe Ha GOpyMax, Ha CIIelMaan3MPOBAHHBIX KOM-
MMbIOTEPHBIX caliTaX, B BUAEOPOJIMKAX MHOTOUMC-
JleHHbIX 6;10TepoB Ha YouTube, /I3eH, RuTube u
MoAO6HbIX TMIaTGOPMax, WM MPOCTO MOCOBETO-
BaThCS C Pa36MPaIOUIMMIUCS B TeMe 3HAKOMbBIMMU.

Ho ecTb HI0OAHC, 3aK/IIOYAIONINIACS B yCTapeBa-
HUM MHGOpMalyM B chepe KOMIbIOTEPHOIO Ke-
ne3a. [IpousBoOAUTENM TPOLIECCOPOB MPOIOIKAIOT
COpPEBHOBATHCST MEXTY CO60¥, KaskKIblii [0 BBIITYC-
Kasl HOBbIe TTOKOJIEHUSI M apXUTEKTYphI, a paspa-
60TuMKM Urp U npodeccuonanbHoro I10 co3maT
BCE OoJiee TpebGoBaTe/lbHbIE ITPOEKTHI. B pesyib-
TaTe AeTasii, KOTOPbIE ellé BUEpa COBETOBAJIM, KaK
0eCKOMITPOMMCCHOE pellleHue, CEeromHs yxkKe

MIPOCTO XOPOIIIYe KOMIUIEKTYIOIIME, a 3aBTpa — He-
o6patumMo ycrapepamwoue. TakKe CTOUT YUUThI-
BaTh, YTO KAXKIbI/i KOMIILIOTEP — 3TO B II€PBYIO
ouepenb MHCTPYMEHT IJIS IOJb30BaTessl, KOTO-
pBIit HY)KIAeTCSI B PeLIeHMM CBOEro, MHIMBUIY-
aJpHOro Habopa 3ajau.

Llesp 3TOM CTaTbM 3aKIIOYAETCSI B IIOIBITKE
chopMUPOBATD Y UUTATEs IOHUMaHNUe IPUHIIA-
OB B3aMMOCBSI3M XapaKTePUCTUK Ipoleccopa C
pasHBIMM CLieHapUsIMu paboThl KOMIIbIOTepa. Ta-
KMM 00pa30M, Ha OCHOBE CITMCKA 3a/a4, KOTOPbIe
K mo/keH 6ymeT peliaTh, MOKHO COCTABUTH P,
GUIbTPOB  XapaKTEPUCTUK IIpolleccopa. ITH
(GUIbTPBI TIOMOIYT CAENaTh CAMOCTOSITEIbHBIN U
OCO3HAHHbIN BBIGOP LIEHTPAJIBHOIO IIPOIIECcCopa,
MCKIIIOYAIOIIMI IIPO6JIeMbI, OIMCAHHBIE BBIIIE.
st 9TOrO0 Mbl PaCCMOTPUMM IPUHIINIIBI pabOThI
Mpoleccopa ¢ pasHbBIMM 3aJayaMy IIOTOMY Kak C
roJaMu, Kak IOKa3bIBaeT OIBIT, STU IPUHIIUIIBI
CYIIECTBEHHO He MEHSIOTCS, M3MEeHeHMsl Kaca-
IOTCSI TOJIBKO LMGP ¥ HAMMEHOBaHMIA.

KommbioTephl UIpaioT OMNpeneeHHYIO POJib BO
Bcex chepax kusuu. OHM UCIIOIB3YIOTCS B TOMaX,
Ou3Hece, yUeOHBIX 3aBeIEeHMSX, UCCIeI0BATEIb-
CKMX OpraHM3almsax, MeAuIMHCKOM cdepe, rpa-
BUTEIbCTBEHHBIX YUPEXKIEHMSIX, PA3BICYEHUIX U
T. I.

JIJist IPOEKTUPOBAHMS CJI0KHBIX KOMIIBIOTEPOB
TaKMX KaK CyIMepKOMIIbIOTEPbHI [/ HAYUHBIX MC-
CJIeIOBaHMI, KOMIIbIOTEPHI [IJIs1 yIIpaBieHus ¢u-
HAaHCOBBIMM TPaH3aKUMIMU WM KOMIIBIOTEPbI
IJIS CJIOKHBIX MeIUIMHCKUX ONepaluit, UCIO/Ib-
3YIOTCSl CITelyajbHble KOMIUIEKTYIONIME, OTCYT-
CTBYIOILIME Ha MaccoBOM pbiHKe. IlosTomy B
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paMKax JaHHO CTaTby paCCMOTPUM UMEHHO Tep-
COHaJIbHbIE KOMIIBIOTEPBI, XapaKTepusyroliyecs
Kak HaJlyuyeM 3SKCIUTyaTaUMOHHBIX XapaKTepu-
CTUK GBITOBOTO MPMOOPA, TaK ¥ YHUBEPCATbHBIMMU
(yHKIMOHATBHBIMY BO3MOXKHOCTSIMMU, Yallle BCEro
TOJIbKO JJ151 ONHOTO MMOAb30BaTesl.

VTOuHSIS, B TaHHOW CTaTbhe OYAYT 3aTPOHYTHI
cylefyroue 3agaun:

e  JlomariiiHee wiu opMCHOE MCIOIb30BaHMe

e  KomrbioTepHble UTPbI

e  (O6paboTKa 3ByKa

e  Pemaxropsl otorpaduii

e  Buneopenaxktopsl

e  Pa6ota c 3D o6beRTamMu

e  PeHuepuHT

e [IporpammupoBaHue

. MaiiHuHT

o  CTpuMMUHT

IToHsiTHE TIPOLIECCOPA, €T0 XapaKTEPUCTUKU
¥ IIPUMHIIUIIBI Pa6OTHI

BHelllHe LieHTpaJIbHBIM IpOLECCOpP He IMpef-
CTaBjsieT cOO0i HUUEro BbIJAIOIIErocs — He6OoJIb-
nasi MpsSAIMOYTOJIbHAS TJlaTa ¢ MHOXKEeCTBOM KOH-
TaKTOB C OLHOJ CTOPOHBI U IVIOCKOV MeTaJin4ie-
CKOJt KOpo6OuUKOit ¢ Apyroit. Ho BHYTpM 3TOI KO-
POGOYKY XPAaHUTCS CJIOKHEeIIIast MUKPOCTPYKTYpa
Y3 MWIIMAPA0B TPaH3UCTOPOB.

LeHTpanbHblit Ipoileccop (MUKpPOMpPOILeCccop,
LIEHTpa/IbHOE IPOIlecCcopHoe ycTporictBo, CPU) —
CJIOKHAsi MUKpPOCXeMa, SIBJISIIOLIAsiCs T7IaBHOM CO-
CTaBHOI YacTbl0 J1060r0 KomImbloTepa. ViIMeHHO
9TO YCTPOMCTBO OCYIIECTBSIET 06paboTKy MHDOP-
Mallyy, BBITIOJIHSIET KOMaH/bl TT0/Ib30BaTeS U PY-
KOBOJUT APYTMMM YacCTSIMU KOMIIbIOTEPA.

VY>ke MHOTO JieT OCHOBHBIMU TIPOU3BOLUTE-
JIIMM  TIPOLLECCOPOB  SIBJISIIOTCSI  aMepUKaHCKUe
komnaHuu Intel 1 AMD (Advanced Micro Devices).
EcTb, KOHEYHO, U Apyrue Mpou3BOIUTENN, HO A0
YPOBHS YKa3aHHBIX JIUAEPOB UM JTa/leKo.

Honroe BpeMs Kommnauus Intel 6blaa Bemyieii
B pa3paboTKe TEXHOJIOTUI, KOTOPbIE UCII0Ib30Ba-
JIUCh B COBPEMEHHBIX ITPOIleccopax, OJHAKO KOM-
nanusg AMD He3amegauTe/NbHO MMEPEHUMAJIa TeX-
Hojorum Intel, momosHsIsA UX, Bedst IIPU STOM I10-
JUTUKY GoJjlee HU3KUX LIeH, UYTO K HACTOSIIEMY
BpeMeHU cJieJiaJlo UMEHHO ee Beylleii KoMra-
HUEN.

Intel 1 AMD noCTOSIHHO GOpPIOTCS 3a IepBEH-
CTBO B M3TOTOBJIEHUM BCe 6oJiee ITPOU3BOIUTENTb-
HBIX ¥ JOCTYITHBIX IIPOIIECCOPOB, BKIAAbIBasl B
pa3paboTKy OTPOMHBIE CPeICTBA M MHOTO . VX
KOHKYPEeHLMS - BAKHBI (PaKTOP, COOeCTBYIONMIA
6BICTPOMY Pa3BUTHMIO 3TOI oTpacin. B yacTHOCTH,
10 3TON TIIpuuYMHE IEeHTPaJAbHbI Mpolieccop,

SIBJISETCSI CaMbIM HAJI€KHBIM KOMITbIOTEPHBIM
KOMITOHEHTOM I10 CPaBHEHUIO C OCTAIbHBIMMU.

PaccMOTpMM OCHOBHBIE COCTaBJISIIOLIME TIPO-
1IeCCOPOB U UX XapaKTePUCTUKMA.

SIopo — camblil IJIaBHBINA 3JIEMEHT LIeHTpaJib-
Horo mpoieccopa. OHO IpeacTaB/sieT co60i BbI-
YMCINTENBHYI0 YacTh IIPOIleCcCopa, CIIOCOOHYIO
BBIMOJTHSTh OJVH MTOTOK KOMaH,

MHorosimepHbie MPOIecCopbl — 3TO IPOIlec-
COpBI, CONlepskalle Ha OJHOM IIPOIeCCOPHOM
KpUCTaJUIe UM B OMHOM KOPITyCe IBa 1 60Jiee BbI-
YUCIUTENbHBIX spa. Bce coBpemMeHHbIe Tpoliec-
COpBbI SIBJSIIOTCSI MHOTOSIIEPHBIMM, B YaCTHOCTU
60JIBIIIO TOITYJISIPHOCTDIO TI0JIb3YIOTCS PEeIleHNS] C
2 - 16 anpamu Ha KpuUcCTaie.

DbdeKTUBHOCTh BBIUMCIUTENbHBIX SIIep pas-
HBIX apXUTEKTyp 3aMeTHO oTinuvaeTrcs. Ho eciu
CpPaBHMBATD IMPOLIECCOPDI OJHOM apXUTEKTYPBhI, TO
yeM GoJibllle simep, TeM IIPOLIeccop IPOU3BOIM-
TeJibHee.

B 2002 romy komnauwust Intel paspaboTtana Tex-
Hosormio “hyper-threading technology”, HasbiBa-
eMyI0 TaKke TUIIepIIOTOYHOCThIO. [T03Kke KoMMa-
Husg AMD porHana Intel ¢ moxoskeit TexHoJIOrMesk
“MultiThreading”. Tloc/ie BKIIOYEHUS] TUIIEPIIO-
TOYHOCTHU OJHO GU3MUECKOe ITPOLIECCOPHOE SIAPO
OIpefenseTcsl OMepaluyoOHHONM CUCTeMOM Kak IBa
OTAeIbHBIX JIOTUUECKUX SIApa.

C Tex mop KOJIMUECTBO MTOTOKOB He BCeria COB-
MajgaeT ¢ KOJMUYECTBOM SIIEp IMpoleccopa. 3ava-
CTYI0 MCIIOJb30BaHME TUIIEPIIOTOYHOCTYU IT03BO-
JISET 3HAUMTENIbHO YBEJIMUYUTh ITPOU3BOAUTENb-
HOCTb ITpolieccopa.

I[MoMMMO BBIUMCIUTEIbHBIX SIIEP, TTPOU3BOIM-
TeJIX YaCTO BKJIIOYAIOT B COCTAB IIPOIECCOPOB ellle
u saapa rpaduueckue. Takue IpoIeccopbl, KpoMe
peleHust CBOMX OCHOBHbBIX 3a7ay, MOTYT BBITIOJI-
HSTb POJb BUAEOKAapThl M OTBEUaTh 3a BBIBOJ
13006paskeHNsT Ha TUCTLIE.

B mocnenHee BpeMs, BCTPOEHHbIE BUIEOKAPTHI
XOpOoIIo paboTalOT C COBPEMEHHBIM IPOTPaMM-
HbBIM obecIieueHneM, ¢ 6OJIbITMHCTBOM COBPEMEH-
HBIX UT'P Ha HU3KMUX HACTPOIKax, a Takxke MOJIXO0-
IOSIT IJI TIPOCMOTpa BUIeO(MWIbBMOB B BHICOKOM
KauecTBe. ITouTu Bcerma Takoe pelieHyue IM03BO-
JIIeT CYIIEeCTBEHHO COKOHOMUTH Ha Ipuobpere-
HUM OTAENTbHOTO IrpadMUuecKoro ajamnTtepa B BUAE
BUIE0KapThI.

s CMHXpOHM3alUM BbIUKUCIIEHUI MTPOLIeccop
obpabaTbiBaeT JaHHbIe C 3aJepKKOI B ormpene-
JIEHHYIO eIV HUILY BpeMeH!, Ha3bIBAEMYIO TaKTOM.

TakToBas 4acToTa — KOJNYECTBO TAKTOB (CO-
OTBETCTBEHHO U MCIIOJHSAEMbIX 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 ITOKa3bIBae€T CKOPOCTh PabOThI IIPO-
meccopa, usmepsiemyto B repuax (I'T).

V meHTpanbHbIX MporeccopoB Intel Core i3-i9,
ITOMMMO 6a30B0Ji YaCTOTHI, CYIIECTBYET TaKXKe Ta-
Koe TIOHSATME Kak MaKCMMAaJIbHasi 4acToTa B
Turbo Boost. ITomo6Has TeXHOJOTMS, aBTOMaTH-
YyeCcKM TIOBBIIIAeT YacTOTY siep Ipoiieccopa Impu
BBICOKOJi HarpysKe C 11e/1bI0 yBeuueHUsI IPOM3BO-
IUTeTbHOCTU, TIPM 9TOM 3KepTBYs dHeproaddex-
TUBHOCTHIO.

V¥ mnpoueccopoB AMD Ryzen npemycMoTpeHa
AQHAJIOTMYHASI TEXHOJIOTUS [IJIsT 06eCIieyeHusI aBTO-
MaTHMYeCckoro pasroHa IIpolieccopa, KoTopast
HasbiBaeTcss Turbo Core. K mpumepy, y mpoiiec-
copa Ryzen 5 3500 6a3oBast 4acTOTa COCTaBJIIET
BeanuuHy 3,6 I'Tu, a MakcuManbHas 4acToTa B
Turbo Core cocrasnsieT Bennuuny 4,1 I'T1.

Ksm-mamsiTh — 3TO BHYTPEHHSS MaMsITh 11eH-
TPaJIbHOTO IIpPOIeCccopa, KOTopas Heo6xoamuma
eMy J1iJ1s1 60J1ee GBICTPOTO AOCTYTIA K YACTO VCIIOJb-
3yeMoit MHGopManun.

Kami-mamsTh Mo CKOPOCTU Tiepefauy JaHHbIX
pasmessioT Ha 3 pa3HbIX YPOBHS (OT aHI. Level)
cBepxckopocTHoi mamsaTu: L1, L2, L3. K kaxxgomy
YPOBHIO IIeHTPAJIbHbII ITPOIIECCOp 06paIiaeTcs 1mo
ouepeayu (HauMHasi OT MEHBIIEro K OOJIbIIEMY
YPOBHIO), 10 TOTO MOMEHTA I0Ka He 06HAPYKUT B
OHOM M3 YPOBHE He0OX0aAUMYI0 MHGPOPMAIMIO.
B ToMm ciyuae, eciiu HMUero He 6ymeT HaiiieHo, TO
uaet obpalieHe K MeHee 6bICTPOJ oriepaTUBHOI
MaMsITH.

O6beM KOLI-IMAMSITY OKa3bIBaeT BIMSIHME Ha
MPOM3BOAUTENBLHOCTD MPOLleccopa, HO B MeHblileli
CTereHu, 4eM KOJMUYECTBO SAep U YacToTa Mpo-
1ieccopa. OmHaKO B Urpax pa3HUIA MOXeT Bapbu-
poBaTbcs B IuamnasoHe 1-10%, a B mporpaMmax ap-
XMUBAIMM JaHHbBIN MOKa3aTelab UTPAET KIIOUEeBYIO
poib.

Ksmr-namsTs, saapa, rpaduueckue sigpa u apy-
rve 3JIeMeHTbl Mpolleccopa M3TOTaBIMBAIOTCS C
MOMOIIbI0 TIOCTOSIHHO YJIYUIIAIOIINXCS TeXHOJIO-
I'Mil, Ha3bIBaeMbIX TexripoueccoMm. Texmpoiecc
MoKa3bIBaeT pa3Mepbl TPAH3UCTOPOB U U3MeEDPSI-
eTcsl B HaHOMeTpax.

YeM TOHBIIIE TEXIIPOIIECC — TeM GOoJIble TpaH-
3MCTOPOB MOSKHO TOMECTUTH B OAMH TIPOIeCccop,
TeM OH OyIeT IpOou3BOOUTe/IbHee U 3Heprodd-
dextuBHee. OT TEXIpoIrecca BO MHOTOM 3aBUCUT
ellle OAHA BakHasl XapaKTepUCTHUKA ITpoieccopa -
TDP.

TDP (thermal design power) — KOHCTPYKTUB-
Hble TpeOOBAaHMS K CHUCTEME OXJIaXKIEHUS ITpollec-
copa. OHa oJIKHA OBITH CITOCOOHA OTBECTU KOJIM-
YyeCcTBO  TeIUIOBOW  3HeprumM,  3asiBjeHHOe

NpOM3BOAUTEIEM IpoLieccopa. ATO YKUCIO U3Me-
psieTcst B BaTTax u moka3bIiBaeT CKOJIbKO SHEPIUU
BBIZIeJIIeT Ipoleccop Bo BpeMs pa6oTel. TDP 3a-
BVICUT OT MHOT'MX (haKTOPOB, Cpeiy KOTOPBIX IJIaB-
HBIMMU SIBJISIIOTCSI KOJMYECTBO siAep, TeXIpoiiecc
M3TOTOBJIEHMSI M YaCTOTa PabOThI ITPOoIeccopa.

HamBpiciinii 1okasaTesib TeMIlepaTypbl IIO-
BEPXHOCTHU LIEHTPAIBHOTO MPOoLLeccopa, pu KOTO-
pPOM BO3MO’KHA €ro HopMaJibHasl paboTa, COCTaB-
nsger 54-100 °C. Temmeparypa 3aBUCUT OT
Harpy3Ky Ha [eHTPaJIbHBIN MPOLIECCOP U OT Kave-
CTBa OTBOJA Teruia. B ciiyuae mpeBbIlIeHUS TIpe-
Jerna CHWXXaeTCs MOITHOCTb, HAIIPUMED B peXXnuMe
Turbo Boost, mpoieccop 6yaeT MOgJHMMATb Ya-
CTOTYy Silep Ha BecbMa He3HAUMUTEeIbHYI0 BeJu-
yyHy. [I03TOMY HpPOIECCOPHBIA Kyjep Moabupa-
eTCsl C 3aI1acoM IT0 paccenBarolleil MOIHOCTH.

st MakcUMasIbHO 3(pheKTUBHOI paboThI 11eH-
TPaJILHOTO MIPOIECCOPA, HEOOXOMMO UTOOI OH He
TOJIbKO MIMeJI XOpolilee OXJIKIeHye, HO U ITonyJal
JOCTaTOYHOEe MUTaHue. 3TO AOCTUTAETCS C IIOMO-
b0 MOITHOTO 6JIOKA MUTAHUS U MPOSYMAHHOM
3oHbI B VRM (Voltage Regulator Module) Ha maTe-
PVHCKOM IL1aTe.

ITpu BBIOOpE Mpolieccopa TakKe CTOUT obpa-
TUTh BHMMaHJe Ha COBMECTMMOCTb IO Pa3beémMy
LIT (cokeTy) B MaTepMHCKOI IJaTe, TaK KakK OH
MpeAroaaraeT yCTaHOBKY TOJIBKO OMpeleIeHHOTO
TUIIA TIpoLeccopoB. Kaskabiii HOBBINM COKET paspa-
6aThIBAETCS IIPOU3BOIUTEIISIMU ITPOLIECCOPOB, KO-
r1a BO3MOKHOCTH CTapbIX pa3beMOB yKe He MOTYT
obecreunTh HOPMAaJIbHYIO paboOTy HOBBIX U3Me-
suii. C 1ebI0 SKOHOMMM CJIeyeT MpuobpeTaTh
LIeHTPaJIbHbIN MPOLECCOP C CAMbIM COBpEMEHHBIM
COKETOM, UTOOBI B OYAyILIeM UMEeTh BO3MOXKHOCTb
He MEHSTb ero BMecTe C yCTapeBlleii MaTepuH-
CKOV IuIaTO. Bosbllioe 3HaUeHME MMeeT TaKKe
CUCTeMHasl JIoTMKa MaTepUHCKONM maaThl ("4mi-
cet"). Hy)kHO yOemIUThCSs, YTO OH IOAEPKMUBAET
IIPOLLECCOPBHI C TAKON apXUTEKTYPOIL.

B mapameTpax mpolieccopa MOXHO BCTPETUTD
TaKye MyHKThI KaK MaKCMMaJIbHasl CKOPOCTb TMOJ, -
IepsKuBaeMoi OIepaTUBHON MaMSITU U €€ TUIL.
Ieso B TOM, UTO MHOTMeE ITPOI[eCCOPbI paboTaloT C
OOHUM (pexe C AByMs) TuraMmu rnamsitu. CerogHsi
cTouT opueHTupoBathcsi Ha DDR4 u DDR5. Taxxke
MPOLeCCOpPbl UMEKOT OTPAaHUYEHUS] MO CKOPOCTU
B3aMOZENCTBUS C ONepaTUBHON MaMsITbio. Ecin
yacTotbl O3V 6yayT BbIllle, UeM 3asIBJIEHHBIE B Xa-
pakTepuCTUKax Ipolieccopa, TO cuctema Oyner
paboTaTh Ha YaCTOTe MOC/IeTHUX.

KntoueBble xapaKTepuCTMKM MOpOLeccopa B
pasHbIX CLIEHAPUSX €ro paboThI M UX 3HAUEHME
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Ilepen TeM Kak Mbl HAauYHEM pacCMaTpUBATh
K/TI0UeBbIe XapaKTEePUCTUK ITPOLIecCcopa B PasHbIX
CIleHapusIX ero paboThl BaXXHO OTMETUTDb YTBEp-
KIeHue, MPUMEHMMOe K JII0ObIM KOMILIEKTYIO-
M KOMIIbIOTEpPA B TOM YMCJIE U K IIPOLIECCOPY.
“Uem mo3xe Oblaa BBINYLIEHA [€Talb, TEM OHA
sgyuie”. C KaXAbIM HOBBIM IIOKOJIEHMEM IIPOU3-
BOJUTEIN IIPOIIECCOPOB MCIIOJb3YIOT BCE Ootee
COBepILeHHbIE TEXHOJIOTUM MIPU MPOEKTUPOBAHUA
U TIPOM3BOACTBE CBOEIT MpomayKiuu. [Ipy 3TOM B
KaKIOM IIOKOJIEHMM OCTaeTcss pasbueHue Ha
KJIaCChl, XapaKTepU3YIOIINeCcs, B OCHOBHOM, 61011-
>)keToM. [lo3Tomy, mpM OpPOYMX DABHBIX, HOBbIE
MOJIe/IM TIPOIIECCOPOB BCErMa JO/DKHbBI ObITh IJISI
MOKyTIaTeIsl TpUopuTeTHee cTapbix. Cioma ke
MOSKHO OTHECTM 3arac II0 MOLIHOCTH, O KOTOPOM
HY’KHO ITOMHUTB TIpU BbIGope. K coskaneHuio, ce-
TOOHS IIPOIIECCOPBI MOPAJBHO YCTapeBaloT JI0-
BOJIbHO OBICTPO, MTO3TOMY OpaTh MOZENM “BIIPU-
TBbIK” 110 ITPOU3BOAUTENLHOCTU WMJIM MOJEN BO3-
pacTtoM 6oJiee 6-TH JIET — 3aBeJOMO ITPOUTPBIIITHOE
peleHue.

IIK n1sa odpmca miam goma

KommbioTepbl Ajis oduca wiyM goMa MMEIOT
CXOXMI1 TepedyeHb Iiesielf, KOTOpble OHU TMO3BO-
JITIOT pelaTh. DTO paboTa B TEKCTOBBIX U TaOIUU-
HbIX pemakTopax, CEpGUHT B MHTEpHETe, BMU-
Ie03BOHKM, TPOCMOTpP (PUIBMOB OHJIAlH. B 60/b-
MIVMHCTBE CYJYaeB JaHHbIE 3aaul PemalTcs Ta-
paJuIeNibHO.

PaccMOTpUM Kakue XapaKTepUCTUKM 6YIYT UT-
paTh KIIOUEBYIO POJb MHpPY BbIGOpe Ipolieccopa
0, JOMAIIIHIO UK 0(pMCHYI0 cOOpKY. IS pelie-
HUS TTIOJOOHBIX 3aay, M0 CYTH, HEOOXOAMMO I10-
JIYIUTb TIPOCTejilliMe NaHHbIe OT TOJb30BaTeJsl,
06paboTaTh UX U BHIBECTU U300 paskeHNe Ha SKpaH.
Eciu monyueHue JaHHBIX ITOUTH He TpebyeT pe-
CypcoB, To 06paboTKa M BBIBOJ, MH(POPMALIHU yKe
B GOJIBIIIOV CTETIEHM 3aBUCAT OT NaHHBIX U UX TUIIA
0TOBpasKeHMSI.

IIpu c6opKe KOMITbIOTEPA B BOIPOCE YCTAHO-
BUTh OTIEPAIMOHHOM CUCTEMbl MHOTME MAeNIaioT
BBIOOD B CTOPOHY IociegHux Bepeuii Windows (10
u 11). OC Windows, maket nporpamm “Microsoft
Office”, 6paysep, 1C, KoncynbraHnT Ilmioc, makeT
CTIeNMaNM3UPOBAHHBIX PACUETHBIX IIPOrPaMM,
PDF pupepsi, MmecceHxepsl 1 rmpodee I10, KoTO-
pOe MOKHO YaCTO BCTPETUTh B 0(PMCHOM KOMIIbIO-
Tepe, CEerofHs SIB/ISIeTCS ONTUMM3UPOBAHHBIM U
He JCIIOJIb3YeT MHOTO PecypcoB Ipoiieccopa. ITo-
IOMOYT MOLenn Bcero c 2-4 siapaMu u 4-8 moro-
KaMy B 3aBMCUMOCTM OT KOJMYECTBA OJHOBpE-
MEHHO OTKPBITBIX IMporpaMM. Takke ciaemyeT 00-
paTUTh BHMMAaHME Ha YacTOTY, KOTOpas JOJIKHA

6bITh Oombine 3 ITi, ogHako nocie 4.5 I'T yBuU-
IeTh PA3HUITY BO BpeMeHU OTK/IMKA IMTPOTpaMMm Oy-
IIeT MPaKTUYEeCKM HEBO3MOXKHO.

Texmporiecc Jyyliie BeIOUpaTh 14 HM U MeHee.
B maHHOM CJTydae 5TO IOKa3aTe/b HOBU3HBI IMTPO-
Ieccopa — 4YemM MeHblile Texmnpoiecc, Tem LT HO-
Bee U IIpou3BoAuTebHee, a ero TDP Huoke.

Husko6I01keTHbIe TIPOIeCCOPhl HEe TMOTped-
JITIOT MHOT'O SHEPIUM ¥, COOTBETCTBEHHO, UMEIOT
HeGonbie 3HaueHus TDP (35-65W). Tloatomy
MOXXHO pacCMaTpuBaTh MOYTH JTI060I Kynep, a B
BbIOOpE 06JIOKA MUTAHMS Y MAaTePUHCKONM IIaThl
CTOUT YAENIUTh BHUMaHME pa3Be uTo cokeTy. OH
IIOJDKeH COOTBETCTBOBATD IPOLIECCOPY U He OBITh
ycTapeBalomyM. AKTyaIbHbIe OI0[KeTHbIE COKETBI
ceropHs — 310 AM4, LGA 1700, LGA 1200.

3avacTyio AJia TakKuxX paboumx MecT XapakTe-
peH HU3Kuit 6I0/IKeT, a 3TO, B CBOIO 0Yepeb, BJN-
seT Ha BbIGOp mepudepuitHbie yCTpPOICTBA.
Hampumep, cerogHsi oueHb paclpoCTpaHeHOo pas-
peuterne mouutopa B 1920x1080 nmkceneit, uin
Full HD. [Ing oTobpaskeHus OIepalnyioHHON Cu-
cTeMbl, Opaysepa ¥ 6a30BbIX MPOTPAMM B TaKOM
paspeleHn BIOJIHE NOCTATOYHO MOIIIHOCTH Tpa-
(dbuyeckoro siApa, BCTPOEHHOTO B COBPEMEHHbIA
nporieccop. [Ipu moucke ciegyer o6pamaTh BHU-
MaHue Ha cypdUKC B KOHIIE Ha3BaHUS IIpoOIlec-
copa. Y Intel He momxHo 651Th “F”, a y AMD moi-
KeH MPUCYTCTBOBaTh cypdurc “G” mmm “GE”.
Crout OTMETUTDb, UYTO IIPOLEeCCOPbl KOMIIaHUN
AMD 3HaUUTENbHO BBIUTPBIBAKOT B COOTHOIIIEHUU
LleHa / TMPOU3BOAUTENBHOCTh BCTPOEHHOM Tpa-
ukn.

Pestomupysi, mpu BbIOOpe Mpolleccopa B JIO-
ManrHuii uau oucHbii [TK Heo6X0AMMO B ITEPBYIO
ouepenb PACCMOTPETh MOJ e C BCTPOEHHOI Tpa-
¢buxoit (kenarenbHo 0T AMD) 1 MaJIbIM TeXIpo-
mmeccom. Heobxomymoe Kou4uecTBo simep — 2 - 4 (¢
HaIMYMeM TEXHOJIOTUM YBEJIMUEHUSI TIOTOKOB), a
BeJIMYMHA TaKTOBOJ 4aCTOThI — 3 - 4.5 I'T1I.

Eci MeHSATh KOMITbIOTED He IIIaHUpYyeTCs
MIpOOOJIKUTENIbHOE BpeMs (6osee 10 JIeT), TO CTOUT
paccMoTpeTh 60Jiee JOPOTHEe BEPCUY ITPOIECCOPOB
C IMara3oHoMm 1eH B 75 -100 mostapos.

KoMIibloTepHbIe UTPBI

B uenom, mpolieccop UrpaeT BaXKHYIO pOJib B
obecrieueHny ITPOU3BOIAUTENBHOCTA U TUIABHOTO
urposoro mpoiecca. OH o6pabaThIiBaeT pasmy-
Hble BBIUMCJIEHNS, BBOJ, M BBIBOJ, JAHHbBIX, OOMEH
CeTeBbIMM COOOLIEHMSIMM M YIIpaBjeHue pecyp-
caMM CHUCTEMBI, UYTOOGBbI 06GECIIeUNUTb HAMTYUILINii
UTPOBOJA OTIBIT.
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KoMmbroTepHbIe UIPhI 10 TPEGOBAHNSIM K TIPO-
1[eCCOPY MOKHO pa3[ie/IUTh Ha KUOePCIIOPTHUBHbIE,
AAA npoexTsl, VR NIpOeKTbI.

KubepcrnopTuBHbIE UTPHI, TaKMe KaK LIyTepbI
ot nepsoro auia (FPS), cTpaternu B peaqbHOM
BpeMmeHu (RTS) u urpsl sxanpa MOBA (MHOTOmo/b-
30BaTebCKas OHJAlfH-60eBast apeHa), OOBIYHO
TPeOYIOT OBICTPBIX peakiuii ¥ MOMEHTAIbHOTO
TIPUHSITUS pelieHnit. UToObI yCIieTh 3a AMHaMuUe-
CKM WM3MEHSIIOIIeiicss cuTyanueil Kubepcropre-
MeHY HeoOXOAMM CTabMIbHbIN Bbicokuit FPS. Ipy-
TMMM CJIOBaMM, IIOA, Takue HYXKAbl KOMIIBIOTED
IO/KeH OBbITh HE CTOJBKO MOIIHBIM, CKOJBKO
obIcTphIM. Ha xapakTepucTuKax Ipoieccopa 3TO
OTpaskaeTcsl CIeayIIIuM 06pa3oM B MIPUOPUTET-
HOJt MOC/Ie0BaTeIbHOCTM OT GOJbIIETO K MeHb-
nemMy:

—  TaxkToBas yacToTa JOKHA CTPEMUTHCS K
MaKCMMaJIbHO BO3MOKHOJ B paMKax OIO/KeTa;
MUHUMYM J[JiS COBPEMEHHOTO Kubepcriopra co-
crasisieT 4.5 - 5 I'T1I.

— TNoppmepskka BBICOKOYACTOTHBIX MOJYJIEN
orepatuBHON mnamMsaATM DDR4 (eciu mo3BOsSeT
61omxket, To DDR5).

— Bo3MOXHOCTh pasroHa (BO3MOXXHOCTb
MIPOrPaMMHO yBeINUYMBATh TAKTOBYIO YaCTOTY MO-
KeT cIienaTh Mpoleccop Mpou3BogUTe/IbHee Ha 5-
20%).

— Tlopnmepskka nuuuii PCI-E Bepcun 4.0+ B
JOCTaTOYHOM KOJIMYEeCTBe [1JI1 BUAE0KAPTHI U CKO-
pocTHbIX XpaHuwmi M.2 NVMe SSD.

—  VBeJMYeHHbI 06beM Ka-riamsaTy (16 Mb
1 6oee).

OTU mpaBuia XapakTepHbl U s VR-urp, oc-
HOBHAs1 OCOOEHHOCTb KOTOPBIX — 3TO BO3MOX-
HOCTb TIOJIHOTO MOTPY>KeHUsI B BUPTYaJlbHOE MPO-
ctpaHcTBo. C momoibio VR-1111ema 1 KOHTposie-
pOB UTPOK MOXeT BUAETb U CJIBIIATh BUPTYyalb-
HbI MUD, a TaKKe B3aMMOZECTBOBATh C HUM, UC-
TOJIb3ysl CBOM JBWKEHMS U JKeCTbl. 1151 TI0JIHOTO
TIOTPY>KeHMS UTPOK He JOJDKeH BUIEThb IUKCeIN U
CMeHSoIIMecss KapTUHKY, IMO3TOMY CyMMapHoe
paspeuienue auH3 VR-1iema conoctaBumo c 4K,
a KOJIMYEeCTBO KaZpoB B CEKYHAY AO/DKHO OBITH He
meHnbie 90. [TosTomy mcnonb3oBaHue VR gBisi-
IOTCSI OUeHb TPeOOBATEIbHBIM K pecypcaM KOMITb-
I0Tepa mpoieccoM. beICTpoAeiicTBMe mpoleccopa
3aBUCST OT KOHKPETHOM VR-UTPBI, HO peKOMeHY-
ercsl uMeTb MOILIHBIM LIT ¢ xapakTepucTuKamu,
CXOKVMMY C Tpe6OBaHMSIMMU JIJIT KUOEPCIIOPTUBHBIX
COOpOK.

AAA-urpel, iy urpsl AAA-ypoBHS, 0OBIYHO
SIBJITIOTCSI CaMbIMM aMOMIIMO3HBIMU U TpeboBa-
TEJIbHBIMM [0 OTHOIIEHUI0O K  MOIIHOCTHU

KomIibioTepa. OHM 00/IaAI0T BHICOKOKAYECTBEH-
HO1 rpaduKoi, CIOKHBIMM (GU3NUECKUMM UCUNC-
JIEHVSIMM, MaCCOBBIMYM MMUPAMMU, OOJIBIINM KO-
yecTBOM JeTaneit u addexramu. IToaTomy a5 3a-
IyCka U IUIAaBHOTO UTPOBOro Ipoinecca B AAA-
Urpax 06bIYHO TPeByeTCs] MOUTHBIN KOMITBIOTED C
BBICOKO1 POM3BOAUTETLHOCTBIO.

Tpe6oBaHMs K MMPOIECCOPY MOTYT OBITh BbICO-
KMMM, 0COOEHHO eCjIi Urpa OCHOBaHa Ha ¢u3uve-
CKOM JBVKKE UM MMeeT MaclITaOHble OTKPbIThIE
MUPBI C 60JBIIMM KoudecTBoM MU -miepcoHaskeii
u Gusmueckux 06beKkToB. OTHAKO OATh KaKyue-TO
KOHKpEeTHbIe PEKOMEHIAIMM OYeHb CJIOKHO, TaK
KaK Kakgass KOMIIbIOTepHas Urpa B IiaHe Tpedo-
BaHMIT K pecypcaM OueHb MHOMBUIYaIbHa. Heko-
TOpbIE UTPBbI ONTUMMMU3UPOBAHBI Ha paboTy C He-
CKOJIBKVMMM IIPOLIECCOPHBIMU SIAPaMM, HEKOTOPBIE
BO3JIaraloT MOHO6GHbIE BBIUMCIEHMS Ha BU-
IleoKapTy, HEKOTOpbIe pas3pabaThIBAINCh BO Bpe-
MeHa, KOTrJia 0 HeCKOJIbKUX SIIpaxX Ha OJTHOM ITpo-
1eccope pa3paboTUMKM MOMPOCTY He 3HAIU WIIN
9TO ObLJIO He MOAHO. ITo3TOMY Ipu BbIOOpE JTyU-
11ero Ipoileccopa B OTHOIIEHMM 1ieHa/3a1aua JIJis
AAA-uTp cTOUT O6pPaTUTh BHMMaHME Ha MHOTIO-
YMCIeHHbIE CPAaBHUTEIbHbIE TECThI KOMITIEKTYIO-
X B KOHKPETHOI UTpe.

OpHaKo ec/u KOMITBIOTED cobupaeTcs “c saze-
JIOM Ha Gymymiee” mof io6ble HOBbIe TpeGoBa-
TeJbHbIE WTPBI, TO CTOUT paccMaTpuBaThb 6-8
siIepHbIe TPOIeCCOPhI MOCAEIHEr0 WM IPearo-
cnemgHero mokoseHuii (Core 12xx-13xx mis Intel n
Ryzen 7xxx nnst AMD). B cepenyne 2023 roga stn
MO eI U3OBITOYHBI ¥ TTO3BOJISAT ITOUTPATh B JIIO-
Oble BhIIIEAIINE UTPbI B KOMMOPTHBIX 60 1 6otee
KaapoB B CeKyHay. [IpyueM yeM BbIllle paspeile-
HMe, TEM MEHbIIIE 3a/Ie/CTBYETCS IPOIleccop, Io-
sromy RTX 4090 u Ryzen 5 5600X - cbanmaHCcUpO-
BaHHAas CBSI3Ka, €CIM MOHUTOP MMEET pas3pelnieHue
4K.

OTHOCUTENbHO AAA-UTp, B I1leJI0M, paboTaeT
npasuio “yem moposke 11 - Tem mosbliie oH 6ygeT
0CTaBaThCsI 6ECKOMITPOMMCCHBIM pellleHueM”, O -
HaKo IToKa uTo 6paTh mogeu ¢ 10 u 6ostee ssmpamu
IJIST UTP Heliesiecoo6pasHo. Cobupasi KOMIBIOTED
I7IS1 KMOepCIIOPTUBHBIX U VR-UTP, TOMUHUPYIO-
IIast YacTh BHMMAaHMS JO/DKHA YIEIIThCS MMEHHO
YyacToTam - TakToBbIM 1 O3VY. He nuimHuMu 6yayT
BO3MOXXHOCTb pa3roHa, YBEJIUYEHHBbI 06beM
Kau-ramsaTu L3 u mogmepskka auauii PCI-E Bep-
cuu 4.0+,

OGpa6oTKa 3ByKa

O6paboTKa aynguo TpedyeT BHIMOJHEHMUs pas-
JIMYHBIX OTeparnyii, TAKMX KaK CMEIIVBAaHNE 3BY-
KOBBIX  [MIOPOKEeK, TMpuMeHeHue 3(¢eKToB,
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M3MEHEeHMe TOHAIbHOCTY U TPOMKOCTU U ApPyTUe
omneparnuy 06paboTKM 3BYyKa. Bce 3Ty BrIuMCIeHNUS
BO3JIaralOTCsl MMEHHO Ha IIPOLIeccop, IO3TOMY B
c6opKe KOMITbIOTepa [1Jis1 06paboTKM 3ByKa Ha HEM
He CTOUT 5KOHOMMUTb.

ITpoueccopsl oT Intel MOKasbIBAIOT OIIYTUMO
OOBIIYI0 MTPOU3BOIUTENIBHOCTb MPU paboTe Co
3BYKOM, Hexkesnu npoieccopsl oT AMD. Bcé neno B
onTUMM3aIMu coppeMenHoro 1O st paboTsl €O
3BYKOM ¥ MY3bIKO/ MMEHHO IOJ] IIPOIIECCOPBI OT
Intel.

Eciu tutaHupyeTcst UCIOIb30BaTh KOMIThIOTED
TOJIBKO C 3TOJ 11€JIbI0, TO CTOMT OOPaTUTh BHUMA-
HIe Ha BCTpOoeHHoe rpaduyeckoe sigpo. C TOUKK
3peHuss rpaduyeckux BbrumcieHuit Takomy IIK
Heob6xoMMO 6YZeT TOJbKO BBIBOIUTH MHTepdeiic
oTepalMoHHOM cucteMbl U Tporpamm. C aTum
CIIPaBSTCS BCe BCTPOEHHbBIE B IIPOLieccop rpadu-
yeckue unibl HaunHasg ¢ Intel UHD Graphics 730.

IJ1s MpOM3BOACTBA MY3BbIKM B PeajibHOM Bpe-
MeHU (He peHIEPUHT TOTOBOIO MaTepuasa)
OTPOMHYI0 POJIb UTPAEeT TaKTOBasi 4acTOTa IPO-
1eccopa. BbITTONIHATD OCHOBHBbIE 3amaum 6e3 3a-
METHBIX 3a[lepKeK M 0becIieunBaTh IUIABHYIO pa-
60Ty TTO3BOJISIOT ITPOI[ECCOPHI HAUMHASI C YaCTOTBI
B 3IT11, To ecTh mouTu j06b1e III1. OmHAaKO 17151 06-
paboTku 6oJsiee CIOKHBIX MPOEKTOB PEKOMEHIY-
I0TCS YacToThl B 4,5 I'T11 1 6ostee.

ITpu 06paboTKe ayai0 MHOTOIIOTOYHOCTD MO3-
BOJITET 00pabaThiBaTh OGOJIbIIE ayAMOAOPOKEK
WM BBIMOJTHUTH HECKOJIbKO OTEepanuii 0THOBpe-
MeHHO. [Iji1 60/IbIIMHCTBA MPOCThIX ayAMOIIPOEK-
TOB, BK/TIOUAs 3aIMVICh HECKOIBKMX ayIAMOL0POXKEK,
nmob6aBneHe 3¢@dEKTOB ¥ MUKIIMPOBaHME, TOCTA-
TOYHO Tpotieccopa ¢ 4 sapamu. OgHAKO, eciin y
Bac eCThb 60JIee CIOXKHbIE MTPOEKTHI C HOTBIIUM KO-
JIMYECTBOM ayayoI0POsKeK, OOGIIMPHOIT 06paboT-
KOV ¥ UCITOJIb30BaHMEM MHOKECTBA IIATMHOB U
3(deKkToB, TO CTOUT MHOMCKATh IIPOIECCOpP C
OOBIINM KOJIMYECTBOM smep (6, 8, 12 u Goee).
VBennueHue KOJIMYECTBA SIep IMO3BOJUT YCKO-
PUTH IIPOLIECC PEHAEePUHTA U 06pabOTKM JAHHBIX B
pexkuMe peasbHOTO BPeMeHY, OOHAKO OTAaBaiiTe
NpeAriouTeHNe MpoLeccopam € BbICOKO TaKTOBOM
YacTOTOM.

[MosyyaeTcst, ¥To 06paboTKa 3ByKa TpedyeT OT
MPOIleccopa HaMMYMUsI TAKTOBOJ YacTOThI 6Gojiee
4.5 TT1 u oKoJIO 4X siiep Ha COBPEMEHHO apXu-
TekType. bosbiieit 3¢ HeKTUBHOCTY TIPU TTOKYIIKE
MOSKHO TOOUTHCS, TpMobGpeTast uniibl oT Intel ¢ MH-
TEerpyupOBaHHBIM IpadUUeCcKUM SIPOM.

PenakTupoBanue dororpaduii

s Havajma O3HaKOMUMCS C OUIMaTbHbBIMU
CUCTEMHBIMU Tpe6oBaHUSIMMU OT Adobe

KacaTeJbHO BeIyIIEero Ha CeroHSIIIHNUI TeHb rpa-
(uueckoro pegaktopa - Photoshop. Peub mpo Bep-
cuio 24.0 — po mocjaengHee Ha JAHHBIA MOMEHT
O0OHOBJIEHMe, BbIlIenllee B OKTsOpe 2022 ropa.
TpebyeTca “mpoueccop ¢ 4dacToToii ot 2 ITw, ¢
moAmepskkoi MHCTPyKImit SSE 4.2 u 64-6UTHOII
apXUTEeKTypbl”.

ITop sTO OomMcaHMe NOAXOAsIT Mojeny Jaxke 10-
JIeTHEl MaBHOCTM, a BeIb MPOILECCOpP — BaKHEN -
I1ii KOMITOHEHT JJis1 paboTsl B Photoshop. ®oTto-
peIakTop IBUXKETCS B CTOPOHY paboTsl ¢ GPU-
YCKOpeHMeM, TO eCTh Ha BUIeOKapTe, HO HA JAaH-
HbI/i MOMEHT ITOUTH BCE OMEePAIMU BBITOTHSIOTCS
MMEHHO Ha ITPoIieccope.

Inist Photoshop Hy>KeH «ITpaBUIbHbBIN» ITPOLIEC-
cop, a He camblii moporoii. Photoshop addex-
TUBHO HarpyskaeT TOJIbKO 0 8 GU3UUECKUX siep.
KpaTko roBopsi, apxuTeKkTypa U yaelabHas Ipou3-
BOJIUTEBHOCTh Ha SIAPO 3HAUUTEIbHO BaxkHee,
YyeM IMPOCTO KOJIMYECTBO Sifep, — Pa3sHUIA MEXKIY
“8-amepHukomM” u 12/16-amepHbIMM  UMIIAMMU
MPaKTUYECKM OTCYTCTBYET. [OBOpS 0 MMHMMAJIb-
HbIX TPeOOBaHMSIX, 4 HE CAMBIX CTAPBIX sIApa CIIpa-
BSITCSI ¢ 6a30BBIMM MIpOIleccamMy 06paboTKY 1306-
paxkeHuii. Bosibiliee KOIMYECTBO smep 6ymeTr mo-
JIe3HO TIpM HaJIMYMM 3a7ad, KOTopble (oTomon
MOKeT pacIpefenuTsb MeX Iy ssagpamu. Hanmpumep,
npu pabote c¢ GombiuMu (aitmamu, comepska-
MMM MHOKECTBO CJIO€B, MM C MHOTOKaHasIb-
HBIMM U300pakKeHUSIMU.

Bosblie BHMMaHMSI, TTOXKAIYi, CTOUT YIOETUTh
MaKCYMMaJIbHbIM YaCTOTaM IIPOIeccopa U Moaaep-
SKMBaeMOJ1 OIepaTUBHOI maMsT. UeM OHM BBIIIIE,
TeM ObICTpee 3arpys3Ka 1 coxpaHeHue $aiios, oT-
KPBITHE U 3aKPBITHE JOKYMEHTOB, @ TAK)KE BBIIOJI-
HeHMe omnpeaeaeHHbIXx GWIbTPOB U 3G(PEKTOB B
(doromromne, KOrga oHM 06pPabaTHIBAKOTCS MTOCIEI0-
BaTeJIbHO. Bo BpeMst MHTEPAaKTUBHOTO PeAaKTUPO-
BaHMS B OTOIIOITE, KOTIa IT0JIb30BATE/b B3aMMO-
IeCTBYeT C MHCTPYMEHTAMM U BBIITOJTHSIET MTHO-
BeHHbIe M3MEHEHMsI, BbICOKAsl 4acToTa IMpoIec-
copa o6ecrieunBaeT 6bICTPOE OTKINK. OPUEeHTUPO-
BaThCS HY’KHO Ha MOJIENM C YacTOTO OT 4,5 [T n
yactoToit O3V ot 3,2 I'T1.

Bupeokapra HavaJbHOTO YPOBHSI (HampuMep
GTX 750 4GB) otinuHo cripasisietcs ¢ apdekramu
¢ GPU-yckopeHueM, OOCTYIHbIMM B Photoshop.
TexHMuecky MOXKHO OOOITHCH BOOOIIe 6e3 Bu-
IIeOKapThl, U UCIIOTb30BATh BUIEOSIIPO, BCTPOEH-
HOe B IPOLIeccop MOoCAeIHNX MOKOJIeHUI, Hallpy-
mep RX Vega 8 B Rysen 5000 cepun. OmHako, COB-
MECTHO C BUIEOKapTOii, mporeccopsl Intel mokasky
cebss HeMHOro 6o0Jiee BBIMTPBINIHO TaK Kak
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paspabotuuku I1O cTapawTCsl ONTUMU3UPOBATH
CBOM MPOAYKTHI TIOJT STU IIPOILIECCOPHI.

Wrak, mjisg KoMpOpTHOI paboTsl ¢ poTomare-
PUAJIOM YMECTHBI CIeIyIOI/e XapaKTePUCTUKN

-  4-8 gpep LII.

—  Yacrota npoueccopa ot 4,5 I'T; 1 yactoTra
O3V or 3,2 ITw.

—  Ewm mtaHupyeTtcsl BuIeoKapTa — IpUO-
puUTeTHee uuIlbl OT Intel.

BupeopegakTopsl

B mporiecce BuaeoMOHTaXka OT IIpolieccopa 3a-
BUCUT HACKOJIbKO TVIABHBIM OY[IET MPEeAIIPOCMOTP
MaTepuasa, HAaCKOJbKO OBICTphIM OymeT o6pa-
00TKa MpUMeHSIEMbIX BUIE0- 1 ayano3(pdeKToB u
HACKOJIbKO BBICOKMIT 00bEM MCXOIHBIX MaTepua-
JIOB MOKeT ObITh 06paboTaH.

Takske MpOIECCOp OTBEYAET 32 KOAMPOBAHNE U
IeKomupoBaHue BUIeodailyioB, KOTOpPblE MOTYT
ObITh B CokaTOM (popmate (Hampumep, H.264 munn
HEVC). OH pacnakoBbIBaeT CXKaTble OaHHbIE U
npeo6pasyeT ux B pasjinyHbie HOPMAaThI, C KOTO-
PBIMM BUIIEOPENAKTOP MOXeT paboratb. IIpu me-
KOJIMPOBAHUY BIJIE0, 0COOEHHO C BBICOKMM paspe-
IIeHMEeM M BBICOKMMM OUTpeifTaMy, MHOTOSIIED-
HBIi1 TIpolleccop OyAeT crpaBiaaThest 6omee ¢ dex-
TUBHO.

OTnpaBHOI TOUKOI IIpU BbIGOpE Ipoiieccopa
ILIST BUIEOMOHTAa)Ka MOSKET CTaTh HAIMuMe y Mpo-
neccopa TexHosmoruu Intel Quick Sync Video. 9To
TEXHOJIOTHSI, BCTPOEHHAs B IIpoiieccopsl Intel, ko-
TOpAast IIPeIOCTABIISIET allapaTHOE YCKOPEeHMeE st
KOIMPOBAaHUSI ¥ MEKOAMPOBAHMUS BUIEO B Bemy-
mMX IaKeTax IPOTrpaMMHOIO ObecrieueHus mOJist
BUIE000paboTKM U KomupoBaHusi. OHA MCITOJIb-
3yeT CIeluaabHble MHCTPYKIUY U PECYpChl Mpo-
1eccopa, yckopsiiomue o6paboTKy BUIEO B pe-
KUIME PeabHOTO BPEMEHMN.

Ho camoe riaBHOe — B OT/IN4Me OT MOAOOHBIX
TEXHOJIOTMIA B JIIOOBIX BUIEOKapTax, TOJbKO Intel
Quick Sync (11-oe mToKkoseHMe TPOIeCCOPOB U HO-
Bee) MOAepKUBAET JI00YI0 GUTOBYIO TNIYOMHY U
JIOOYI0  CyGOMCKPETU3alMI0 I[BETHOCTU. ITO
TOYHO OyAeT moJie3HO IpodeccruoHaaaM ¢ AOpPO-
roii BUAEOTEeXHUKOI, MO3BOJISIIOLIEN CHUMMAaTh B
caMbIX pasHbIX (opMaTax KOAMPOBAHUS BUIEO.
Ha caiite Intel MOSKHO 03HAKOMUTBCSI C KOHKPET-
HBIM CITMCKOM ITPOI[€CCOPOB C MHTErPUPOBAHHOI
rpadukoit, umenmux TexHosornio Intel Quick
Sync Video. Y uumnos or AMD ecTb aqbTepHaTUB-
Has TexHojorus — Video Core Next, umeromas
CXO3KMe XapaKTePUCTUKU U TIPUHLIUITBI PAOOTHI.

Eciut mmaHupyeTCst OTAABATD WY TOAYYaTh BU-
JleoMarepuasbl B apXMBUPOBAHHOM BUAE, TO

MOSKeT OBITh ITOJIE3HO MPUCMOTPETHCS K ITpOIlec-
copaM ¢ K31 mamsaThio L3 6osee 20 M6aiiT.

BricTpoe mekomupoBaHue BUAEO TpeGyeT Mmpo-
1eccopa € AOCTaTOYHO BBICOKOI TaKTOBOI YacCTO-
TOJ, UTOOBI 0OECTIEUNTH IIJIABHOE U HEIIPEepPhIBHOE
BOCITPOM3BeleHIe TPeBapUTeIbHOrO pe3yibTaTa
BUAeoMOHTaXa. Takke OT 4acTOThl 6ymeT 3aBU-
CeTb OT3bIBUMBOCTD IMPUJIOKEHUS B 11€JI0M, BbIpa-
SKaIoIIAsICsl B CKOPOCTU IpuMeHeHUs 3pdeKToB u
M3MeHEeHU, OTKPhITUS U Jo6aBaeHus GaitaoB.

PaccmatpuBas cucrtemy, re peHAEpUHT Mpo-
MUCXOOUT YCUIIUSIMU BUI€OKAPThI, 3a/1a4a Ipoliec-
copa 3aKiIJaeTcs B AenmibpoBaHUM Kaapa, B OT-
MpaBKe ero Ha rpaduyeckuii yCKOpUTEIb U B I0-
JydeHun pesyibTaTa 06paboTku. [ToaToMy Heo6-
XOOUMO 00€eCIeunTh CKOPOCTHYIO Iepefavy gaH-
HBIX Mexny Bumeokaptoi u LII. 3a 3To oTBeuaeT
mmHa PCle, a eé Bepcust OTBeTCTBEHHA 3a JIOCTa-
TOYHYIO MPOITYCKHYIO CIIOCOGHOCT.

IMogpiTokuM. IIporeccop nast paGoOThl B BU-
JeopefakTope OOJDKeH MMeTh 6-10 saep, 4acToTy
oT 4.5 I'Tu, kam-namsts L3 ot 20 MB, mimuy PCle®
Bepcun 4.0 1 HOBee, a TaKke TOAAEPXKKy Intel
Quick Sync Video mim Video Core Next.

Pa6ora ¢ 3D 06beKTaMu

B 3T0i1 0671aCTM TIPMMEHEHMS MTPOLIECCOP MO-
SKeT UCIIOMHATh QYHKIVMU YCTPOVICTBA AJISI peHpae-
pUHTa U YCTPOICTBA OJjs1 B3auMOAeicTBus ¢ 3D-
MporpaMmoii B pexkxuMe peasibHOTo BpeMeHu. [1po-
11ecc peHiepMHra pacCMOTPUM B OJTHOJ U3 CieTy-
IOIIMX pa3/iesioB CTaTbM, a TTIOKAa OCTAaHOBMUMCS Ha
BTOPOi PyHKIUNA.

3D-momenupoBaHue, CKYJIbIITUHT, TeKCTYpu-
poBaHMe, OpraHu3alys OCBelleHMs U COo3[laHue
aHMMaLMM — 3TO AKTUMBHBIN paboumii mporiecc.
CiieHa IOCTpOeHa 10 orpeJie/IeHHOM Mepapxum u
MTpo1leccop MOJDKEH IIIar 3a MaroM IpoK/IaAblBaTh
cebe myTh yepes 3Ty Mepapxuio. OH He MOKET MPo-
MyCTUTb WIN Pa3Tpy3UThb OIpeiesieHHbIe 1Iary Ha
IpyTHe Siapa, TOTOMY YTO OOJIBIIMHCTBO IIaroB 3a-
BUCST APYT OT Apyra.

[TosTomMy uepueHue geTtasnei u pabora ¢ Mofe-
JIIMU B CUCTeMaX TPeXMepHOTro MPOeKTUPOBaHMUS
SIBJISIETCSI OJJHOIIOTOYHOM 3ajaueil Wiy 3agauein ¢
HeOOJIBIIIMM KOJIMUEeCTBOM ITOTOKOB. Ha ckopocTh
OTKJIMKA TIPUJIOKeHUS ¥ 3(DGEKTUBHOCTD BBITIOJ-
HeHMSI KOHEYHBIM I10Jb30BaTeeM TaKuxX 3ajad
CYIIeCTBEHHO B/IMSIET TAaKTOBAsl yacTOTa Mpoilec-
copa, ¥ ueM OHa 60oJibllie — TeM 60jiee OT3bIBUMBOIA
O6yzmet cpefa pa3paboTKM.

OfHaKO MHOTOSITEPHOCTh MOXKET MIPUTOUTHCS
MpU TeHepaTUBHOM TPOEKTUPOBAHUM UAU JUHA-
MUUYECKOM MozenupoBaHun. dpdeKTUBHOCTH pa-
60TBI CpeICTB MOJEIMPOBAHMS CUTBHO 3aBUCUT OT
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MIPONYCKHOJ CITOCOGHOCTY MaMSTH, TO3TOMY UeM
60JbIlIe KAHAJIOB OINEPATMBHONM MaMSITU TOIIep-
SKMBaeT MPOoIeccop paboueit CTaHIMM, TEM JTyUIIe.
B aTOM ciyyae 6yIyT yMeCTHbBI CepBEpHbIE MOI eI
C MHOXECTBOM ITOTOKOB M OOJBIIVM OOBEMOM
K3II-MaMsATU. B mpuHLIMIIe, YeM AOPOXKe MOMAesu,
TeM MeHbllle BpeMeHU MOTpeOyeTcsl Ha MPOCUYET
3TUX IPOLIECCOB.

HWToro, ecy cucTeMa He IJIaHUPYeT 06pabaThI-
BaTh AMHAMMUUECKOE MOeIUPOBaHe UK TeHepa-
TUBHOE MMPOEKTHPOBaHMe, TO HEOOXOIUM ITpolLiec-
COp C MakCMMAaJIbHOJM TAaKTOBOI 4aCTOTONM. 3aya-
CTYIO UMIIBI C YACTOTOJ Bblllle CpeIHETO 3HAaUeHUs
(4.5 IT) umerot mo 6-8 saep, BIIOJHE IOCTATOY-
HBIX JJIS1 TapaljieIbHO paGoThl M B IPYTUX MPO-
rpaMMax.

Penpgepunr

CymiecTByeT ABa MOMYJISIPHBIX METOAA peHIe-
pUHTa M3006paskeHNH, BUIEO Y aHUMAIIVA: PeHIe-
punr Ha LTI u peHmepmHr Ha rpad@uyueckoM Ipo-
Leccope.

Ecau Busyanmmsupyertcs CJIOXKHas ClLeHa, e
TOYHOCTb MIMeeT NePBOCTENIeHHOEe 3HaUeHNe — CU-
My QU3UKKM, CUMYJISIMS BOObI M T.HO., TO
Jiyuiiie Mcnonab3oBaTh CPU. OTO CBSI3aHO C TeM, UYTO
LT oT/MYHO CIpaB/sieTcsl ¢ 06paboTKOi 60JIb-
IOT0 KoyinuecTBa MHGOpPMaUUM U [ejlaeT 3TO
TOouHO. PeHmepunr Ha CPU uMeloT JOCTyM K OIle-
PaTUBHOI IMaMSTU KOMIIbIOTEpa. DTO ITO3BOJISIET
MCITO0/Ib30BaTh OTPOMHBIE 00'beMbI TTAMSITH, KOTO-
pble MOKHO B J1I0007 MOMEeHT HapacTuTb. Kak mpa-
BWJIO, OOJIBIIMHCTBO KPYITHBIX CTYAMI TPeaIIoum-
tatoT peHgepuHr Ha CPU 13-3a ero yuuBepcaabHO-
CTY ¥ TUOKOCTH, HO 3TO TaKKe, KaK ITPaBmUJIO, U ca-
MBIi1 JOPOroil BapuaHT.

Penpepunr LII ucnonssyer Bce sgupa LII Ha
100%. Ecau pabouass CTaHIMS MUCIIONb3YeTCs
TOJIBKO IJ151 3D-peHaepuHra u3soopakeHnit U aHu-
MalVy WIN OJ1S1 KOOUPOBAHUS BUAE0, TO KOMIIbIO-
Tepy Hy)KeH MPOoLeccop, MMeWLMii KaK MOXXHO
OoJbIlIe Iep, Jaxke ecyiv 9TU SiApa UMeIOT OTHOCH -
TEJIbHO HU3KYIO TAKTOBYIO YaCTOTY.

Kak pa3 [ Takux 3amay CyLeCTBYIOT Takue
JIMHe KM mpotieccopoB Kak Intel Xeon, AMD EPYC
1 AMD Ryzen Threadripper, umetoriue 1o 64 suep.
Kak mpaButo, rpu BbIOOpe mpolieccopa OJisl peH-
IlepMHTa BHMMaHMe yAesseTcsl MMeHHO KoJuye-
CTBY siAep U ueHe. YacToTa y MOJenein 3Tux Jin-
Heek 3aMeTHO Huske Tex ke AMD Ryzen mu Intel
Core. O6GyCJIOBIEHO 3TO (PU3NUYECKUM IIPEAEIOM
Teria, KOTOpOe JIMHEMHO 3aBUCUT OT TIpou3Bee-
HMS KOJIMYECTBa SAep Ha YaCTOTY KaXKI0T0 U3 HUX.
Kcratu, TDP TonoBsix mogenei gocturaet 280 BT,
NoJipa3yMeBamlee Ioporoe BOJISTHOE

oxXJIaXXAEeHMe U NOCTOVMHYI 1elb mutanus LTI Ha
(CKOpee BCero CepBepHOii) MaTepUHCKON IIaaTe.
KoneuHo, ecTb 6oJtee enieBble BApMaHTbI, HAIIPK-
Mep Ipolieccopsl ceMelicTBa i7-i9 unu Ryzen 7-9,
HO CKOpPOCTb peHAepMHTa OyIeT YMeHbIIATbCS
MPONOPLMOHANIBHO 1IeHe.

IIporpammupoBanmne

Jly1st mporpaMMMpOBaHMs HY>)KHO HEMHOTO: 110
CyTH, 3TO HamucaHue TekcTa. KoMOMIIuus uiau
UCTIOTHEHME KO/Ia [0 COBPeMeHHbIM MepKaM TOosKe
He 0c060 pecypcoeMKas 3amava. IIo3TOMY /1 KO-
IVHTa TOJOMIET mouTy J060ii KoMmboTep. Ho
IJIT GBICTPOI M KOPPEKTHOI OTJIAAKM ysKe Hamu-
CaHHBIX IIpOrpaMM TpebyeTcst 6ojiee MPOU3BOIM-
TeJIbHbII CUCTEMHBIN OJIOK.

ITpu BBIGOpPE Mpolieccopa OISl TaKoi COOPKU
HEeOOXOMMO PYKOBOACTBOBATHCS HECKOJbKUMMU
K/II0YeBBIMM TpeGoBaHMsSIMMK. [IpOrpaMMMCTy MO-
KeT MOoTpeboBaThCs MMPOBEpKa HAIMMCAHHbBIX MTPO-
rpaMM B pa3sHbIX OMepalMOHHBIX CUCTEMAX U MPU
Pa3HBIX YCIOBUSIX, AJ151 UeTO CO3[,aeTCsSI MHOXKECTBO
BUPTYaIbHbIX MalMH. Y “kKamHelt” or AMD 1o cux
IO HabII0IaI0TCs MPO6JIeMBI C BUPTyaIyu3alluei,
B TO BpeMsI Kak mpoiieccopsl oT Intel ciipaBiisitoTcs
C IAHHO 3a/1aueii MpakKTUIeCKu 6e3yIpeyHo.

Cnenyrouyit MOMEHT — 3TO HaJau4ue oCTaTou-
HOT'O KOJIMYECTBA SIAep U IMOTOKOB, TTO3BOJISIIOLINX
napasjiebHO BBITIOJNHSITh HECKOJIBKO 3amau. He-
Joporue Mojenu ¢ 6- u 8-sAepHbIMU MTPOIECCOo-
paMy WaeaJbHO TOAOMAYT TION 3arpochl 6O0Jb-
LIMHCTBA MPOrpaMMucToB. [ToKynaTe cuCTEMHBIE
610KV MeHee 4eM C 4 sigpaMy He peKOMeHIyeTcs,
OJHAKO TEXHUUECKU TTPOrpaMMUpPOBATh MTO3BOJISIT
U OBYXbSIIEPHbIE MO C YeThIPbMS TTOTOKAMM.

OT TaKTOBOJM Y4aCTOTHI 3aBUCUT CKOPOCTb BbI-
TTOJTHEHMS KOJIa, TI03TOMY ITIpH 60IBIIIOM OI0/IKEeTe
CTOUT UCKATh MOJENN C IPUPOCTOM MMEHHO 3TOTO
nokasaresns. bompuimHcTBy IT-crienyanucToB
BIIOJTHE TIOJOVAYT BapUAHThI C 4aCTOTON 3-4 [T,
CETrOJIHS TO MTOYTH JII000 He CepBEPHBII ITpoIlec-
cop. [TosTomMy 6paTh AJI MPOrPaMMUPOBAHUS TO-
moBble 11T ypoBHS i9 HeT HEO6XOIMMOCTH, XOTS B
penKux cayJasx 9To OymeT orpaBaaHo.

Ecnu B mpolieccope ecTh BCTPOEHHOE BUEO0-
SIIPO, TO 3TUX MOIIHOCTEN XBATUT TOJIBKO [JIS 3a-
Ilad, CBSI3aHHBIX C TEKCTOBBIM OTOOpaskeHMEM pe-
3yJbTAaTOB WK ¢ mpocTtoii 2D rpadukoit. Ias pa-
60TbI CO CJIOXKHO TpadMKoit peKOMeHIyeTCs T10-
KYTaTb BUEOKAPTY OTAE/bHO.

B 21 Beke mporpaMmupoBaHue pelaeT Inpo-
KNI KpPyT 3a4ad - OT HaNMCaHUS IMPOCTENMILIEro
KaJIbKY/ISITOpa [0 CO3HaHMUSI COOCTBEHHBIX KPUII-
TOBAJIIOT. VI IS pellieHust BCeX ITUX 3a/1ay Tpedy-
IOTCSI CaMble Pa3HbIe CITOCOOBI HAMMCAHMS KO U,
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COOTBETCTBEHHO, CAMOEe pa3Hoe armnapaTHoe obec-
neveHue. OgHAKO AJ15 YeJI0BEKA, KOTOPBIN ellE He
omnpenenuics C pelllaeMbIMM C TOMOIIbIO TPO-
TPaMMMPOBaHUS 3aadaMu, OYIeT akTyasleH Ipo-
11eccop €O CJIeAYIMMU XapakKTepUCTUKaMM:

1. TpousBomurens Intel

2. 4-6 amep B MOZeJSIX MOCAeIHUX ITOKOJIe-
HUIA
3. TaxroBas uactoTa 3-4 I'Ti u 6osee (3aBU-
CUT OT GIOIKeTa)

4. EcTbh MHTErpupoBaHHas rpaduka mocien-
HUX MTOKOJIeHUIA.

MaiiHyHr

Ipoitecc mO6bIYM  KPUIITOBATIOTHI  MYTEM
HaXOXAEHMUS X3111a C TOMOIIbIO0 BEIUYUCIUTENbHBIX
MOILIHOCTe} 1eHTPaJbHOTO Ipolieccopa Ha3biBa-
eTCs MallHMHIOM Ha mnpoueccope. ONTUMU3UPO-
BaHHbIE JIJIsI IIPOLIECCOPOB AJITOPUTMbI TOOBIBAHUS
KPUIITOBATIOT MMEIOT TaKue OCOGEHHOCTHU, UTO
MpoBeJleHNe BBIYMCAEHUI 3aBUCUT OT CKOPOCTU
MPOM3BOJBHOTO [AOCTyNa K TMaMsTH, KOTOpas
HauboJiee ObICTPast B KII-TIAMSITY IIPOLIECCOPOB.

[MosToMy Ha TaKMX aJropuTMax MPOIEeCCOPHI C
00BIINM 06BEMOM K3II-TIAMSITU MMEIOT HPOU3-
BOJIUTE/IbHOCTh, CPAaBHUMYI0 C MHOTOIOTOKO-
BbIMU BUJeoKkapTaMu. Kpome TOro, Ha CKOpOCTb
MaliHMHTa 3HAuMUTeJbHOE BJUSHMUE OKa3bIBaeT
Ha/JuMe arnmnapaTHON TMOANepXKU TpOoBeIeHUs
Kpunrorpadudeckux BblumciaeHuit. [jis mpoiec-
CcopoB 3T0 Habop MHCTpyKIMit AES. Crtapble mpo-
1[eCCOpPbI, OCOOEHHO CepBepHble, MOTYT WMMETh
OTPOMHBIN K31lI, HO He MOAJepKMBaTh 3TUX UH-
CTPYKLMI, TIO9TOMY OHM He MOTYT 06ecIeuuTh
BBICOKMI1 X3UIPENT A1 MalfHUHTA.

Kak mpaBwmio, Ajis1 Kask[oro IOTOoKa HY>KHO He
MeHee 2 MerabaiT Kala, I03TOMY, HaIlpuMep, Ha
Intel CPUi7-7700K (8 Mera6aiT Kou-naMsT) HeT
CMBICJIa 3aIycKaTh Gosbile 4 MOTOKOB. Ecii kom-
MbIOTEP Mapa/IeJIbHO UCMHOIb3YeTCS O APYTUX
1esieii, TO KOJMYECTBO 3aJeiiCTBOBAHHLIX IIOJ,
MaliHMHT TIOTOKOB HY>KHO YMEHbILATh.

Hy’>KHO yUMTBIBATh CITOCOOHOCTh MaTEPUHCKOIA
IJIaThl MMOCTOSTHHO O0eclevyBaTh MUTAHMUE MPO-
1ieccopa B MaKCMMaJbHOM pexkume. B JieTHee
BpeMs Lieny MUTaHUs Mpolieccopa Ha MaTepuH-
CKOIJ1 IJIaTe IeperpeBarTCs, YTO MOKET IIPUBECTU
K MP0o00I0 TPAH3UCTOPOB Y K BBIXOMY U3 CTPOS He
TOJIbKO TIJIaThI, HO U Ipolieccopa.

MaifHUHT Ha IIPOoLeccope CEeroAHs He SIBJISIeTCs
MIPUOBITBHBIM - TOJIbKO B HEKOTOPBIX KPUIITOBA-
JIIOTAX MOSKHO TI0JTy4YaTh JEeHbIU, CIIOCOOHBIE OKY-
IMUTh CTOMMOCTDb CAMOTO ITporeccopa uepe3 15-20
JIET HeIIpepbIBHO paboThI. A IJIsI HETO TaKKe Tpe-
OyeTcs He JeleBas MaTepMHCKas IuiaTa U 6JI0K

NUTaHMS, BBIXOASIINE U3 CTPOSI TPU MaliHMHTe Ha
nporueccope vaiie Bcero. OgHaKO CTOMMOCTD OI-
TUMU3UPOBAHHBIX IJI MPOLLECCOPOB KPUIITOBA-
JIIOT, KaK HanpuMep MoHepo, MOXeT U3MeHUTbCS
B OyOyIieM ¥ OTOUTH BJIOKeHUsI. Takke MaitHUTh
Ha IIPOoLieccope MOXKHO MapaiyieIbHO C OOBIYHBIMMU
pabounMy Harpy3KaMmu MM ¢ MalfHMHTOM Ha BU-
JeoKapre.

KonuuecTBO simep Ha KpucCTaie Mpoieccopa
OTpaHMYEHO eVMHUIIAMU, B TO BpeMsl Kak y BU-
IeoKapT UX COTHU U Thicsuu. [ToaTomy uvatie Bcero
MIPOIIECCOP MOAOUPAETCS TOA, CUCTEMY /IS Maii-
HMHTA C OJHOM MJIM HECKOJIIbKMMU BUIE0KapTaMu.
B TakoM ciydae OT mpoiieccopa Tpe6yeTcst TOIbKO
nepenaBaTh MHGOPMAIIMIO MeKIY IrpaduuecKuMm
ycrpoiictBamu 1 HDD (SSD), O3VY. Ecsiu oH 6bICTPO
paboTraeTt, TO MaifHEPHI U APyTMe MPOrPaMMbl He
OyayT JsaraTh OGyiarofaps MUHMMAJIbHOMY Bpe-
MeHU npoctosi. C Ipyroii CTOPOHBI, TPOILECCOPBI,
MpeBbINIAIOIIMEe MOUHOCTU CTAHAAPTHOTO COBpEe-
MEHHOTO ABYX-YeThIpexsfepHuKa, OyayT coKpa-
1IaTh BpeMsi IPOCTOSI BeCbMa He3HAUUTEebHO.

Bosbillee BHMMAaHMe CTOUT YIEIUTb Ha TTOTPe6-
JleHue SHepruu, Bedb IIpolleccop, Kak u depma,
IaHMpyeT paboTaTh IOCTOSHHO. Momenn
HAYaJbHOTO YPOBHSI, HAIlpuUMep JIMHeNKu i3,
Celeron, Athlon, Pentium, Ryzen 3, FX, AMD A,
MO3BOJISIT CIKOHOMUTH KaK Ha TMOKYMIKe CaMOTO
YuIa, Tak ¥ Ha CUeTax 3a 3J1eKTPUUECTBO.

He crouT moxkymaTh mpoueccopsl CO BCTPOEH-
HbIMM rpaduueckumu sapamu. OHM 3aHUMAIOT
yacTb PCI-E, 13-3a yero mariHepbl MOT'YT ITOJK/IIO-
YKUTb HAa 2—4 BUI€OKAPThI MeHbliIe. 17151 yCTaHOBKMU
5-10 xapT moTpe6yIOTCS MaTepuHCKasl IjIaTa C I0-
CTAaTOYHBIM Kojm4yecTBOM BbIX0mo0B PCI-E, mo-
3TOMy COOPKY MalHMHT (GepMbl CTOUT HavaTb
VMEHHO C He€. BbiOpaHHast ruiata GyaeT MMETh
CBOIl COKeT, MOAAepsKMBaeMblii TOJIbKO HEKOTO-
pbivu LIIT, YTO MOKET CIIY>KUTD OTIIPABHO TOUKOI
pu mo6ope Iporeccopa.

MaifH/HT ObIBAa€T PasHbIM U BbIOOP KOMILIEK-
TYIOIIMX 3aBUCUT OT OTPOMHOTO KOJIMUYeCTBa yCJI0-
BMi1, HO, 00001Iasi, MOKHO CIeJlaTh Cjeaylollue
BbIBOIBIL. [Tpyu maituuure Ha CPU BaskHO 60/1bIIIOE
KOJIMYeCTBa siiep Impoieccopa 1 Hajanuye Habopa
uHCcTpyKumii AES. TIpy 3TOM HY>)KHO ITOMHUTbD, UTO
Ha KaskKAblii TOTOK TpebyeTcst 2 Mb Kaui-mamsTyt u
yto IIIT 6ymeT Hy>KIaThCs B HaIeSKHOM ITUTAaHUU U
IOCTaTOYHOM oOxJaxgeHuu. Ilpm maiiHMHre Ha
GPU mnporeccop 6ymeT 3aBUCeTh OT COKETa BbI-
OpaHHOV MaTepUHCKO riaTbl. CTOUT OPUEHTU-
pOBaThCSl HA MOMeM HayadbHBIX JIMHEEK C 2-4 s -
paMu Ha COBpeMEeHHOJT apXUTeKType 6e3 BCTPOeH-
HOTO BUIEO0s1Apa.


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, WM TIOTOKOBAs Iepenada BUIEO
pabotaer ciemymomuM obpasoMm. KommbioTep 3a-
XBaThIBAeT BUAEO C 9KpaHa — HA 3TO TPATUTCS He-
MHOTO PecypcoB, HO MaTepyaj MoJydaeTcs: 00b-
éMHBIM. [Iponieccop uam BUaeoKapTa yMEHbIIAOT
pasMep BMUIEO M ayamMo — KOAMPYIOT ero. Ilocie
3TOTO TIEePEeKOAVPOBAHHBIN BapyaHT OTIIPABJIS-
€TCsl Ha cepBep CTPUMMMHIOBOJ TIIOMAIKM, a OT-
Tya y>Ke TepeaeTcs Ha SKpaHbl 3pUTeIei.

IpyruMu coBamu, OT MPOIleccopa Mpu CTPU-
MUHTe TpebyeTcsl OOHOBPEMEHHO 00pabaThIBaTh
TpaHCIMpyeMble ITPOTrPaMMBbI, 3aXBaThIBaTh, KO-
IMPOBaTh ¥ OTIPABISATh BUIEO C 9KpaHa, KaMepbl
" ayauo ¢ MUKpodoHa. B TakoM citydae mpoliec-
COpY HEIJIOXO 6bUIO OBl MMETh TEXHOJIOTUIO Intel
Quick Sync Video m151 ycCKOpeHHOT'O KOJVPOBAHMS
BUJIEONIOTOKA BO BpeMs ITIOTOKOBO Iiepenaun 1 Ha
2-4 ssmpa 60J1bIlle, YeM HYKHO 3aIT/CbIBA€MOI1 ITPO-
rpaMMe.

K mpumepy, Is1 TpaHCASLMY CTAPBIX WY MHIN
UTP, a TaKKe AJISI TOK-IIOY WM MTPOCTO OGIIeHMUS
OyIeT MOCTATOUHO 4-6 simep Ha COBpEeMEHHOI1 ap-
XuTeKkType. Hampumep, Ojs1 OOIIENPUHSITOTO Ka-
yecTBa Bumeo B popmarte FullHD / 60 fps xBaTut
MOITHOCTY TPOLIECCOPOB, CXOXKMX IO ITPOVU3BOIN-
TenbHOCTY ¢ AMD Ryzen 5 5500. Iy 605ee cepb-
€3HBIX UTPOBBIX MPOEKTOB MM TpaHCaIuuu B 4K
HeoOXoaMMbI 8 U 6ojiee SHep CO CTaHAAPTHO BbI-
COKOJ [j1 MOJ0OHBIX MOJeseil TAKTOBOI 4acTo-
TOIJA.

IIpn orpaHNYeHHOM OOKETE MOXXHO ITepe-
KTIOUMTHCS Ha arlliapaTHOe YCKOpeHue 06paboTKu
BUIeoMaTepuaaa, MCIOAb3ysl MJiT 9TOr0 BU-
IeokapTy. B aToM ciydae nmogoiaeT gaxe mporec-
cop ypoBHSs Ryzen 5 3600X T, auiib 661 €ro Ipom3-
BOAMTEIBLHOCTY XBaTaa0 IS camux urp. OgHako
TOTJa KauyeCcTBO M300paskeHMs] MM KOJIUUECTBO
KaJpoB B CEKYHAY MOKET OKa3aThCsS HMKE, 0CO-
6eHHO B rpadUYecKy HACBIIEHHbBIX UTPaX, 3aIyCK
KOTOPBIX caM TII0 cebe CO37aeT Cepbe3HYI0
HarpysKy Ha BUIEOKapTy.

Takum o6pa3omM, BbIGMpaAs IPOLECCOP [Jis
CTPUMMHTA HEOOXOIMMO OpPUEHTUPOBATHCS Ha
TUII TPAHCIMPYEMOTO KOHTEHTa M HA MOIIHOCTH
BUIeoKapThl. KioueBbIMM XapaKTePUCTUKAMMU
OymeT HaIMuMe TEXHOJOTMM  alapaTHOTO

YCKOpEHMS 17151 KOAMPOBAHUS U YBEJIMUEHHOTO KO-

muyectBa sgaep. CTOUT 6paTh MOJENM C 3aracoM

1o moirHoct B 30-100% oTHOCKUTE/IbHO He06X0-

JVMOTO JIJIS TPaHCIMPYEeMbIX TPOTPaMM B 3aBUCH-

MOCTM OT paspelieHus BUIeo U KojanuecTsa fps.
3aKkioueHmne

Wtak, Mbl IpOaHAAM3MPOBAIM KaKMe XapaKTe-
PUCTUKM TIpOlleccopa SIBASIOTCS CaMbIMM BaK-
HBIMM IIPU pellleHUM KOMIIbIOTEPOM TeX MJIM UHBIX
3aJa4. B momckax HeoOGXOOMMbBIX 3aBMCUMOCTEN
MeXIy TUIIOM 3ajauu U xapakrepuctukoin LII1
OB ITPOBEJIEH aHA/IN3 GOJIBIIOTO KOJIMYECTBA UH-
dbopmanym, mpeaCcTaBIeHHON B CETU MHTEPHET Ha
caMbIX pa3sHOOOpasHbIX pecypcax. CTaTby, HAIU-
caHHble gaxke B 2020-2022 romax u npezajarasiiye
IIJISL TeX VIV MHBIX 11eJieit oTipeiesieHHbIe Tpoliec-
COpBI, BCE elllé AOCTOMHBI BHMMaHMUS, HO HOBBIE
MOAeM YUIMOB, BBHINMYILIEHHbIE 3a IOCIegHUE 3
rofa, 3HaUYUTeIbHO YMEHBIIWIN UX aKTYadTbHOCTb.
OTO TOATBEPXIAeT TUIIOTEe3y O CTPEMUTENIbHO
ycTapeBalolieii nHpopmManuy B KOMIIbIOTEPHO
chepe U MPOSBISIET HEOOXOAMMOCTh B yBeIMUe-
HUM BHMMAaHMUS MOKyIaTeNs] B CTOPOHY TUIIA Xa-
PaKTepUCTUK, HeXeJu MX 3HaueHuil. B maHHOIT
CTaTbe YOAJIOCh NPOAHAIMU3UPOBATh B TaKOM
KJIIoUe BCe TIaHMpyeMble BUIbI Harpy3ok Ha LITI.
Takke TOJYYMIOCh IaTh OOBSICHEHMWE TIPUUYMH
MMEHHO TaKuX 3aBUCMMOCTEN XapaKTepUCTUK
MIpoIleccopa OT MOCTaBJIEHHbIX 3aay.

OIHAaKo B CTaThe ObIIM YKa3aHbI i KOHKPETHbBIE
OrpaHMYMBAIOIIME 3HAUEHMST [IJiSI K/IHUYEeBbIX Xa-
PaKTepUCTUK B paMKax paccMaTpuBaeMoro ciie-
Hapus ucnonab3oBaHus [IK. Hanpumep, npoiieccop
o1 paboThl B BUAEOPEIAKTOPE OOJIKEH MMETh
TaKTOBYIO YacToTy ot 4.5 I'T, 6-10 simep, Kami-ma-
MsiTh L3 oT 20 MB, mogaepskky Intel Quick Sync
Video mwim Video Core Next, a Takke munHy PCle®
Bepcuu 4.0 v HOBee.

IaHHbBI MaTepuas MpMU3BaH IIOMOYb IIPOCTOMY
06bIBATeI0 OTBETUTHL Ha Bompoc ‘Kak BbIGpaTh
Ipoiieccop?” M mokasaTh Ha mpumepe IIII, yuTo
KOMITbIOTE pHbIE KOMIUIEKTYIOII/E€ MOTYT OBITH I10-
HSTHBIM ¥ 3aKOHOMEPHBIM 00pa3’oM OTCOPTUPO-
BaHbI OTHOCUTEJIbHO MMOCTABJIEHHBIX ITepe[] CUCTe-
MO 3a/1a4 M BKJIIOUEHbI B UTOTOBYIO KOHGUTYpa-
o TIK.
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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
CTYIeHT 4 Kypca 6akanaBpuara (akynbrera «MalnIMHOCTPOEHME,
MOCKOBCKMUI MMOIUTEXHUYECKUIT YHUBEpCUTeT, Poccus, r. MockBa

ITPOBJIEMHBIE BOITPOCHI ITPOBEJIEHVSI MEXAHUYECKIUX UCITBITAHUMN:
AHAJIN3 ACIIEKTOB U ITPEOJIOKEHMS 11O ITOBBIIIEHNIO TOYHOCTH

AHHOmauusa. Hayunas cmamuos NOCesuleHa usyueHuro npodem, C8s13aHHbIX C NPo8edeHUeM MeXAHUUECKUX UC-
notmauti, u nNpednoxeHUIM Npakmu4eckux peweHuti 0as noesiieHuss mouHocmu. B pabome 6bi1a nposedeHa
avanumuueckas oyerka FOCTos u HayuHblx cmameil, NOCBsAUWEHHbIX OAHHOL meMe, a makyce nposedersl u nped-
cmaseneHsl pe3ynbmamsl IKCNePUMEHMANbHbIX UCCTIe008aHULL. Bbliu 8bl871€HbL NPOOJIEMDBL, CBS3AHHDLIE C HEMMOUHO-
CMbl0 U omcymcmeuem 4émkozo peweHus: no Koauuecmsy u 00sémy ucnsimanuti, HedocmamouHotl K8anuguxa-
yueti nepcoHana, HenpasuibHsIM 86160pOM Memodos uchslmawuli u op. B pabome makxce paccmompeHsl meope-
muueckue acnekmsi NposedeHuUss MeEXaHUUECKUX UCNbIMAHUT U NpedioxeHbl npakmuyeckue pekomeHoayuu no no-
8bLUUEHUI0 MOYHOCMU, 8 MOM HUC/Ie UCNO0JIb308AHUE CheYyUanbH020 000pyd08anusl U cpedcme KOHMpOJsl Kauecmaea
ucnsimaHulii (cneyuanbHozo npozpammHozo obecheueHust). [lonyueHHble pe3yibmamst Mo2ym 6blmb UCNO1b308AHD
0J151 yIyduleHUs Kauecmead nposoduMblx UCNbIMAaHULl, umo npusedem K nosviileHuo HadexHocmu u 6e30nacHocmu
npodyKyuu Kaxk cepuitiHo 8sInyckaemoti, mak u npou3sodumslx 00HOKpaAmMHO (eQUHUUHbLE IKIEMNTISPbL), 4 MAKHE K
YMEHbUWEHUI0 3ampam HA N0O8MOPHbLE UCNBIMAHUS U NOCedyowuli pemoHm u3ddenuti.

Knioueesie cnoea: mexaHuueckue UCNbIMAHUSL, MOUHOCMD, aaHHble, Memodbl ucnsimadutl, o60py603aHue,

KOHmMpOoJib Kauecmsed, HaaEJfCHOCmb, He&pOCEMb, 6e3onacHocme.

MexaqueCKlAe MCIIbITaHUS SIBJISIIOTCS BasKHOM
YacThl0 MHOTIMX 00J1acTelt IPOMBIIIIEHHO-
CTU M HAyKM, TaKUX KaK MalIMHOCTPOeHNe, MaTe-
puanoBeneHue, apuanusi U MHorue apyrue. Ho,
HeCMOTPSI Ha 3HAUMMOCTb 3TUX MCIIBITAaHUM, Cy-
IIECTBYET PsIJL TPo6IeM, KOTOPbIE MOTYT ITOBJIUSITh
Ha TOUHOCTb Pe3y/IbTaTOB UX MpoBeAeHus. OmHOM
13 OCHOBHBIX TIPO6JIEM SIBJISIETCSI OTCYTCTBUE I10-
HMMAaHMUS KOJMYECTBA MCHObITAHMUII, UTO MOXET
MIPUBECTU K HEJOCTAaTOYHOI TOYHOCTU pe3yJbTa-
TOB. B maHHOI cTaTtbhe OymeT IMpOBeAEH aHaIN3
PasIMUHbBIX ACIIEKTOB MPO6JIeM IIPOBENEHUS Me-
XaHMYEeCKMX UCTIBITAHMIA U TIPEeJIOKEHbI PellleHy s
JIJ1s1 TIOBBIIIIEHUS TOUHOCTH.

ToYyHOCTb MeXaHMUYeCKUX WCIIbBITAHUI SIBJISI-
eTCSl KII0UeBbIM (PAKTOPOM BO MHOTIMX O0JIACTSIX
MIPOMBIIIIEHHOCTY ¥ HayKu. Heo6XoaMMo yMeHb-
HINTDb pa36poc Pe3yabTaTOB, YTOOBI CHU3UTh BEPO-
SITHOCTb OIIMOOK ¥ YAYUIIUTb KaUeCTBO MPOIYK-
uyyu. OmHaKo, MHOTME ()aKTOPbl MOTYT BJIMSITH Ha
TOYHOCTb MeXaHMUYeCKMUX MCIbITAaHUI, TaKue Kak

cpefa UCIIbITaHuii, pasMep 06pasiioB, METO/bI MC-
nbiTaHui U T.0. [l09TOMY aKTyaJIbHOCTh JaHHOM
TeMbI 3aK/II0YaeTCs B IIOVMCKE CIIOCO60B YMeEHbIIIe-
HUSI BIUSTHUS 9TUX (aKTOPOB HA TOUHOCTh PE3YJIb-
TaTOB MeXaHUYeCKMUX UCIIbITAHUIA.

HayuHasi 3HaUMMOCTb TAHHOM CTaThbU 3aKJIIO-
yaeTcs B TOM, UTO OHA IIpe[CcTaB/sieT coboii mep-
BbIJ LIar K IIpMMeHeHU IO HelipoceTeli IJis peliie-
HUS TIPOOGJIEMBI OITpeIe/IeHUsT KOJIMYECTBA UCIIbI-
TaHUI MIPU MEXaHMUYECKUX UCIBITAHUSX. ITO OT-
KpbIBaeT BO3MOKHOCTHU IJISI IajbHeNIero passu-
TUSI MCC/IeJOBaHMII B 00JaCTM TpPUMEHEeHUs
HelipoceTeii I penieHust mpobjaeM B MeXxaHuye-
CKUX MUCIIBITAHUSX, YTO MOKET MPUBECTU K YIyU-
IIIeHMI0 KayeCTBa ¥ TOUHOCTU IMTPOBOAMMBbIX UCITbI-
TaHMIi, a TAK)Ke COKPAILleHNI0 CPOKOB 1 00bEMOB.

PesysiibTaThl aHaaM3a OCHOBHBIX (PaKTOPOB,
BJIMSIOIIMX HA CBOMCTBA MaTepUasOB, KaK MpU UC-
MBbITAHUSIX, TAK U B Mpoliecce 3KCIUTyaTanuu, a
TaKk’ke BO3MO’KHbIe TIOC/IEeNCTBUSI TPUBEIEHbI B
Tabmuue 1.

Tabmuua 1
daxkTOopsI BAMSAHUA Ha CBOJICTBA MaTepuaaioB
BospgericTByromuii .
Buj Bo3aericTBUs Bo3MokHbIe moc/iencTBus
dakTop
Temmnepartypa dusnyeckoe W3meHeHMe CBOVICTB MaTepuasa IIpu Harpese
Xumnueckoe, pu-
BnaskHOCTB BUUECKOe Koppo3us meTainios, pa3pylieHne JpeBeCUHbI
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BospaericTByrommii .
A 1 Bup, Bo3aericTBUs Bo3MoOsKkHBIe TOC/IEeICTBUS
dakTop
Bpems dusmyeckoe Herpanmaiius CBOJCTB MaTepuasa CO BpeMeHeM
NHTEeHCUBHOCTH
MexaHnuyeckoe HedopMalius MaTepuasa Ipy HarpysKe
Harpy3Kku
YacToTa Harpy3ku MexaHnyeckoe YcTanocTh MaTepuana npy HUKINYEeCKUX Harpy3Kax
KonnuecTBO IMK/IOB
MexaHunueckoe YeranocTs MaTepuaia nIpy HOBTOPSIIOLINXCS HArpy3Kax
Harpy3Kku
Xumnueckye BO3Jei- . . .
TS XumMmuueckoe B3aumogericTBMe MaTepuaia C arpeCcCMBHO Cpefot
PagmatumoHHbIE BO3- N3meHeHMe CBOJCTB MaTepuana Mpu BO3[OENCTBUM pa-
N dusnyeckoe
IeicTBUS Ivanuu
MexaHMUYecKue HaIps- [TosiBeHue TpewH u gedopmMmanuii B MaTepuaie npu
P MexaHnueckoe pett Aedopman P P
SKeHUSI Harpyske
dusznyeckoe, Mmexa-
N3HOoC M3HOC TOBEpXHOCTM MaTepuasa Ipyu 3KCIUTyaTaluun
HUYeckoe
[ToTepss mpo4yHOCTM MaTepmasna IOCAe MHOTOKPATHBIX
YcranocTh MaTepuana MexaHunuUecKkoe
Harpy3oK
Pasmep 1 dopma 06- N3meHeHMe CBOTICTB MaTepuasaa B 3aBUCUMOCTU OT pas3-
l'eomeTpuueckoe
pasua Mepa 1 GopMbI 06pasiia
Croco6 M3roTOBIEHUS BinusitHue crioco6a M3roTOBJIEHMS HA CBOJMCTBA MaTepu-
TexHonornyeckoe
obpasia ana

IIpo6ieMa ompee/ieHus KOJMUeCTBA UCIIbITA-
HUI, HEOOXOIVIMBIX IJISI ITOJTYYEHMS JOCTOBEPHBIX
pe3y/IbTaToOB, TaKKe SBJSETCS OOHUM M3 BaXKHBIX
acIIeKTOB MeXaHMYeCKMUX MCIbITaHmii. Onpeperne-
HMe ONTUMAJbHOIO KOJMUYeCTBA MCIIBITAHUIA MO-
KeT CyIeCTBEHHO MOBJIUSTh HA TOUHOCTb U JOCTO-
BEPHOCTb pPe3y/IbTaTOB.

Cy1iecTByeT HeCKOIbKO ITOJIXOI0B K Orpeesie-
HUIO OITMMAaJIBHOIO KOJIMUYECTBA WCITbITAHUIA.
OnuH 13 HUX OCHOBAH Ha MCIOJb30BaHUU CTATU-
CTUYECKUX METOMOB, TAKMX KaK METOAbI IVCIIEP-
CMOHHOTI0 aHajIM3a 1 pacueTa IOBepUTETbHbIX UH-
TepBaJIOB. DTU METO[bl MTO3BOJISIIOT OLIEHUTh Ba-
pUanyIo pPe3yabTaTOB U OIpeneuTh HeoOXOomu-
MOe€ KOJIMYEeCTBO UCITBITAHUI AJIs1 JOCTVKeHMS 3a-
IOaHHOJ TOYHOCTU.

Ipyroii MOaX0 OCHOBAH Ha aHaIM3€e OUIMOO0K
U3MepeHus: U MpeJrooKeHUM, UYTO KOJIUUECTBO
MCIBITAHMI JOKHO OBITH JOCTATOYHBIM [IJISI TOTO,
YyTOOBI OMIMOKM TIPUOOPOB M 0OOOPYIOBAHUSI He
OKa3bIBAIN CYIIECTBEHHOTO BJIMSHUSI Ha Pe3yiib-
TaTbl. B 3TOM cjyyae KOJMYECTBO MCIIbITAHUIA

MOKeT ObITh OIpeeIeHO Ha OCHOBE M3MepeHMit
MOTPENTHOCTH TTpUGoOPoB U obopymoBauust. C of-
HOI CTOpOHBI, MpPOBeJeHNEe HeAO0CTaTOUHOTO
YlC/ia UCTIBITAHUI MOSKeT MPUBECTU K HETOUHBIM
pesyJbTaTaM U HeJJoOCTOBepHBIM BbiBojgaM. C Ipy-
rO¥l CTOPOHBI, U3NUIITHEE KOINYECTBO UCTIBITAHUNA
MOXXeT TpUBECTM K U3JUIITHUM 3aTrpaTaM Bpe-
MEHMU, peCypCcoB U CHU3UTDb HAIEXXKHOCTh 000pY/I0-
BaHMS.

OOHMM U3 pelleHuit 3Toi mpo6iaeMbl MOKET
OBITh MCITOIb30BaHMEe HEIPOHHBIX ceTeit. HelipoH-
HbI€ CeTU MOTYT ObITh 06YUEHbI OIIPeAeISITh OITH-
MajbHOe KOJMYEeCTBO MCIBITAHUI OIS TOCTUXKe-
HMS TpebyeMOoi TOUHOCTYU Pe3y/IbTaTOB B 3aBUCHU-
MOCTUM OT XapaKTepUCTUK MaTepuana, pa3MepoB
06pa3IoB, MCITOJIb3yeMbIX METOHOB UCITBITAHUIA U
IPYTUX MapamMmeTpoB.

0600611eHHbI aJITOPUTM TIpVYMEeHEeHUsT
HEeMNPOHHBIX CeTei A1 ONTUMMU3ALMUM KOIUIECTBA
MeXaHWYeCKMX MCIBITAHWUI TpeJCTaBieH B Tab-
nuie 2.

Tabmuua 2

ANTOpUTM UCII0JIb30BAHMSI HEVIPOHHOM ceTu

IIar

HeiicTBUe

1. C60p maHHBIX

Co6paTh JaHHbIe, BKIIOYAKOIIME XapaKTePUCTUKY MaTepyajia, pasMepbl 06pas-
1IOB, MCIIOIb3ye€MbI€ METObI UCIIBITAHMIT Y PE3YIbTAThI MCIIBITAHMI IJIST pa3-

JIMYHOTO KOJIM4YeCTBa ITIOBTOPOB.

2. IToaroToBKka JaHHBIX

IMoAroTOBUTH JaHHbIE AJi 00yUeHNsI HeMIPOHHOI ceTH, pa3menuB UX Ha o0yJyaro-
IIYI0, TECTOBYIO ¥ IIPOBEPOUYHYIO BHIOOPKU.

3. O6yueHne

O6yYnTh HEMPOHHYIO CETh Ha 00yUaoIeil BbLIOOPKE, MCIIOIb3YsT METO/IbI
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Illar

JericTBUe

HEePOHHOI CeTn

MAaIIMHHOrO 00y4YeHMsI, TaKMe KaK IJTy0OOKoe 00yJyeHue.

4. TIpoBepKa KauecTBa
06yUeHUs

[TpoBepUTh KauecTBO OOyUeHMsT HEIPOHHOII CEeTU Ha IPOBEPOYHOIT BHIOOPKE,
HACTPOUTH ITapaMeTPbl MOAEIU U TIOBTOPUTH MPOIecC 06yUeHMsI TP HeOOXOmu -

MOCTH.

5. TectupoBaHue
HEPOHHOI CEeTn

ITpoTecTUPOBATh HEMPOHHYIO CETh HAa TECTOBOI BIGOPKE, OLIEHUTH KAUeCTBO €€
PaGoThI ¥ IPUMEHUTD ITOTYUYEHHYIO MOZIEIb IJIs OTIpeiesIeHN s ONTUMAaIbHOTO
KOJIMYECTBA UCITBITAHUI 151 JOCTVKEHMS TPeOyeMOoit TOUHOCTY Pe3y/IbTaToB.

Inst pewreHust 3amauM omnpeneyeHus] OITU-
MaJIbHOTO KOJIMYECTBA UCHBITAHMUI TaKKe MOXKHO
UCTO/Ib30BaTh HEIIPOHHYIO CETh C apXUTEKTYpPOi,
Hanpumep, MLP (Multilayer Perceptron). Anro-
PUTM 06yUYEeHMS KOTOPOJi MOKET ObITh MpeICTaB-
JIeH CIedyomum o6pa3oM:

1. HWHunmanuMsupoBaTh MapamMmeTpbl MOOENH,
Takye Kak Beca U CMelleHus, CIy9aliHbIMU 3Have-
HUSIMUA.

2. TloaroToBuUTh [MOaHHBIE MJISI OOyYeHMS,
BKJTIOYAIOIIVE B Ce0s1 XapaKTepUCTUKY MaTepuania,
pasMepbl 00pasiioB, UCIIOIb3yeMble METOMbI YC-
MIBITAHUI U Pe3YJIbTAaThl UCTIBITAHUIA [IJISI pa3/INyd-
HOTO KOJIMYeCTBa MOBTOPOB.

3. PaspgenuTh maHHble Ha 06ydaOIIyl0, Te-
CTOBYIO U TIPOBEPOYUHYIO BBIOOPKM.

4. TlogaThb 0OO6ydYalOIIyI0 BBIOOPKY Ha BXO[
HeJIPOHHOJ CeTM.

5. PaccuuraTh OWmMOKY IpeacKasaHus MO-
IemM Ha KaKOOM Iiare OOyueHMs, MCIIONb3Ys
(yHKIIMIO TTOTEpb, HATIPUMED, CpeIHEKBaIpaTNy-
HYIO OIIMOKY.

6. TIpyMeHUTb MeTOH OOPaTHOTO pacCIIpPoO-
crpanenus oumb6ku (backpropagation) ijist 06HOB-
JIEHUS TTapaMeTPOB MOJIETM Ha KaXKIOM Iiare 06y-
YyeHuUsI.

7. TloBTOpuTb Iaru 4-6 OJjs1 BCEX 3MOX 00Y-
YyeHMs, TIOKa He OYAEeT JOCTUTHYTA 3aJaHHAST TOY-
HOCTb.

8. IIpoBepuTh KayecTBO OOyUeHUS] HEMPOH-
HOJi CeTM Ha IPOBEPOYHOIi BbIOOPKE, HACTPOUTD
rmapaMeTpbl MOJEM U TIOBTOPUTD ITpoIiecc obyue-
HUS TIPY HEOOXOAVMOCTH.

9. [TIlpoTecTMpOBaTh HEIIPOHHYIO CE€Th HA Te-
CTOBOJI BbIGOPKE, OIIEHUTh KAUeCTBO ee pabOThl U
NIPUMEHUTb MTOMYUYEHHYI0 MOAesb JJis Oonpenene-
HMSI ONITMMAJIbHOTO KOJIMYECTBA UCIBITAHUN [OJIs1
IOCTVDKeHMS TpebyeMOoi TOUHOCTY Pe3yIbTaTOB.

B pesynbraTte aHanu3sa auTepatypsi [1-8] 6110
BBISIBJIEHO, UTO WCIOJb30BaHNE COBPEMEHHBIX
TEXHOJIOTUI ¥ METOJOB MOXET IPUBECTU K YIyd-
LIEHUIO0 TOYHOCTY IPOBELeHMS MeXaHNYeCKMX UC-
TIBITAHUIA Y TTOTyUYeHUIo 6ojiee JOCTOBEPHBIX pe-
3ynbTaToB. OMHAKO, OJHON U3 IJIABHBIX MPO6IEeM
OCTaeTcs ornpeneneHue ONTUMAJIBHOTO

KOJIMYECTBA MCIIBITAHMI, HEOOXOAMMBIX IJISI IO-
CTVCKeHMsT Tpe6yeMoii TOYHOCTM pe3yabTaToB. B
9TOM KOHTEKCTE, MCIT0/Ib30BaHe HePOHHBIX MO-
Zeseit MOXKeT ObITh pellleHneM, KOTOpPOoe IM03BO-
JISIeT OIpelesisiTh ONTUMAJIbHOE KOJMYECTBO MC-
IIBITAHWI 1, TAKMM 00Pa30M, [TOBBILIATH KAUECTBO
MMPpOBOOMMBIX VICIIBITaHMIA.
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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 Anexcanap IOpreBuyu
VHKeHep-MeTpOJIoT,
MHIVBUIYAJbHBIN peATIPUHMUMATEb,
Poccus, r. MockBa

®A30METP LIU®POBOM MH®PAHU3KUX YACTOT
C BJIOKOM YVIIPABJ/IEHUS ®A30BPALIATEIEM

AHHomauus. B daxHoli HayuHoli cmamse no0poOHO U3yuaemcs KOHCMpPYKYus u paboma o0HOKAHANBHO20 UH-
(hpaHuskouacmomHozo Yugppoeozo pazomempa, ycmpoiicmed, Komopoe Haxodum wupokoe npumeHeHue 8 (azo-
U3MepumensHoli, UHPoOpMayuUoHHO-NPeodPa308amenbHoll mexHuKe, a Makxie 8 UHGOPMAYUOHHO-USMePUMETIb-
Hoix cucmemax. OCHOBHOLI akyeHm cmamaou c0enaH Ha cheyuguueckom dcnekime KOHCMpPYKYUU 3mozo pazomempa
— HA NpUMEHEHUU 8 HeM pezyaupyemozo azospauiamens. Mcnons308aHue makozo KOMNOHEHMA N0360J11em 3Ha-
YUMeNbHO NOBBICUIME MOUHOCMb U3MepPeHUTi. DMo docmuzaemcs 3a ciem UCKIUeHUs no2pewHocmu ¢asospawa-
meJisl ONOPHO20 CUZHAIA NPU onpedesieHuu cdsuza (as CuHycoudanvHolX cueHanos. Takum odpasom, cmameos no-
0po6HO 00cyxcdaem npeumyuiecmsd Ucnoib308aHuUs pezyaupyemozo pazospauiamens, 6KaUAs. AHAIU3 TMOUHO-
cmu, NomeHYuaibHble NPobaemMsl U cnocobsl ux npeodosieHus. Imom mamepuan 6yoem nosieseH 0is cneyuanu-
CMoe 8 06acmu 37IeKMpPOHUKU U U3MepUMeNbHbIX MEeXHOM02Ull, a makxice Ol mex, KMo xouem yeayoums céou

3HaHus 8 obaacmu Yugposoli 06pabomku CuzHanos.

Knrwouessle cnoea: azomemp yugposoti, noepeutHocms, pazospauwiament.

BBegenue

IlJisT COBpeMEeHHOTO 3Taria pasBUTUSI U3MepU-
TEJIbHOM TEeXHUKU XapaKTepHO Bce 6ojiee MHTEH-
CUBHOE U T7TyOOKOe MPOHUKHOBEHME B ee pas3jiny-
Hble HalpaByieHUs IMUQPOBLIX MpubopoB. Lndpo-
Bble M3MepUTeIbHbIe TPMUOOPHI 3HAUNTEIHHO TIpe-
006pa3oBa/iv OOJIMK BCETO MapKa CPeACTB M3Mepe-
HUI ¥ OTKPBIBAIOT HOBbIE BO3MOSKHOCTU IJISI UX
TIpUMEHEHMSI.

Tak Kak CpelCcTBa U3MEPEHUI — 3TO TeXHUYe-
CKMe YCTPOICTBA, CJIysKalue OIS usMepeHuit gu-
3MYECKO/ BEJIMYMHBI, a CUTHAJ — 3TO M3MeHeHMe
(dbusnueckoil BeJIMUNHBI, Hecylee MHbOPMAINIO,
TO CpeJiCTBA M3MEPEeHUI MUPOKO MCIIOIb3YIOTCS
IJIST U3MEepeHMil pa3IMUYHbIX XapaKTepPUCTUK CUT-
HaJIOB.

B [1] ycTaHOB/I€HBI TEPMMHBI U OIpeLeleHns
OCHOBHBIX TOHSATUIT B 06J1aCTU M3MEPUTETbHBIX
pagMoTeXHNYECKUX CUTHaIOB. OJIHOM 13 XapaKTe-
PUCTUK B3aMMOCBSI3M TaKUX CUTHAJIOB SIBJISIETCS
(daszoBbIit caBur. dasza curHaa TakXKe OTHOCUTCS K
OCHOBHBIM IMapaMeTpaM rapMOHMYECKUX CUTHa-
JIOB, TIOCKOJIbKY OIIpeZeNiieT COCTOsTHuE Kojeba-
TeJbHOTO Ipollecca B JI000J 3aJaHHbIiI MOMEHT

BpeMeHU. OHa MCHOJIb3YyeTCs BO MHOTUMX Paguo-
37IeKTPOHHBIX CHCTEeMax B KaueCTBe OJHOTO U3 OC-
HOBHBIX MH(MOPMAIIMOHHBIX MMapaMeTPOB CUTHA-
JIOB, TaK Kak MeToz, (pa30BOro KOAMPOBAHMUS SBIISI-
eTCsl ONHUM M3 CaMbIX IOMEXOYCTOMUMBBIX [2].

B M3MepuUTeNIbHOI MIpaKTUKe 0OBIUYHO pellaioT
3amadyy m3MmepeHmii pasHoctu a3 (¢dpasoBoro
COBUIa) OBYX rapMOHUYECKUX (CUHYCOUIANbHBIX)
Kojie6aHmit C paBHBIMM YacToTamu [3].

s uamepeHnit pa3oBOro caBura B HacTosIIee
BpeMs IMIMPOKO MCIOAb3YIOT 1ndpoBbie ¢daszo-
meTpbl. OCHOBHOJ 3amaueli METPOJIOTMYECKOTrO
obecrieueHusI CpeICTB U3MepeHUit 1 ha3oMeTpoB
B YaCTHOCTH, SIBJISIETCS YMEHbLIEHNEe UX MOTpell-
HOCTU U3MepeHuii [6].

Lndpooit hpasomeTp, pacCMOTPEHHBIN B JaH-
HOIt cTaTbe OOCY>KIEeHUU, MTO3BOJIIeT YMEHBIIUTh
MOTPENTHOCTh TIPU U3MepeHuu (Ga3oBOro CABUTA
6sarogapst KOppPeKTUPOBKE U UCKIIOUEHNIO HEOT -
HO3HAYHOCTM B ompeneseHun ¢Ga3oBOro CABUTA
CUMHYCOMAATBHBIX CUTHAJIOB, a TaKkKe Oyiaromaps
MUHMMM3ALUM OMMO0K (pasoBpamaTens: STaJIOH-
HOro curHaia. Mcciegyemoe yCTpPOWCTBO MMeeT
peryiaupyemblii ¢a3oBpaliaTesb.
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Onucaune pasomerpa

B ucrounuke [4] npencrasieH OOHOKaHAIbHBIN
MHPPAHM3KOUACTOTHBI  (a3oMeTp, KOTOPBIA
ompenenseT GhasoBbIii CABUT CUHYCOUAATBHBIX
CUTHAQJIOB ¥ TTO3BOJISIET YAYYIIUTH TOYHOCTD M3Me-
peHwuit Ga3oBoro CABMUra CUTHAJIOB C Pa3IMIHBIMU
aMIUTUTYAaMM, MCKIII0Yasi HeOOHO3HAYHOCTh pe-
3yJIbTAaTOB M3MEPEHUIA.

OnHaKo, ero OrpaHNYeHMEeM SIBJISIETCS TIOTeH-
IIMaIbHAST BO3MOXKHOCTD OIIMOOK IIPU OIpejesie-
HUM (Pa30BOTO COBUTA CUHYCOMOATbHBIX CUTHA-
JIOB, BeJIMUMHA KOTOPOTo KoJie6jieTcs ot /2 1o 2.
Takoe MojOkKeHMe OBGYCIOBIEHO ITPUMEHSIEMbIM
METOIOM W3MEpeHMs: BHaudaje OIpemeseTcs
3HaveHMe QYHKIMK tgQ«™, 3aTEM Pe3yJIbTaT U3Me-
PEHMS BRIUMCISETCS Kak arctg(tges™)=@x*. B aToM
KOHTEKCTe 3HaueHue (QYHKUUU tge,* HeOomHO-
3HauHO. Hampumep, tge,*=1,732 npu @=m/3 u
©=411/3, 18« =-1,732 11pu @x=211/3 U ©x=51/3.

YTo6bl MCIPaBUTh YKa3aHHBI HeJOCTATOK,
TpebyeTcsl KOppeKiMs B BuIe 3HAUEHMUs TT IIpPU
T/2<@,S3T/2 U B BuUAe 3HaUeHuUs 21 TIpu
311/2<y<2T pe3yabTaTa U3MepeHUIA.

IOTOHUTETBHO, IJISI MCKIIOUEHMUSI OLIMOOK,
obpasylomuxcst Tpu  ornpeneneHuu ¢$HasoBoOro
CABUTA CUHYCOMIAJIbHBIX CUTHAJIOB M3-3a HETOY-
HocTM (a3oBpamiatesisi, B JaHHbI (a3omeTp
BHeJIpeHa o6paTHast CBSI3b, KOTOPAsk OTC/IEKMBAET
M3MeHeHMe HOMMHAIBHOTO 3HaUYeHMs yIjIa CABUTa
dassl ¢asoBpaimaTesnsi, KOMIEHCUPYET U3MeHe-
HMS M yIIpaBiisieT ha3oBpaniaTesieMm.

DTOT HAOOp pelleHMit YCIelHO BHeOpPEeH B
unudposoit pazomeTp, ONMCAHHBIN B JAHHOI 11y0-
JIUKAIUAN.

Wnmoctpanys 1 ;eMOHCTPUPYET CTPYKTYPHYIO
cxemy daszomeTpa.

OYHKIMOHMPYET TpejaraemMseiii  dasomeTp
TaK:

Omnopnsiit curHan U;(t)=Um;sinQt Hampasms-
eTCsl Ha TepBble BXOJAbI IIEPBOTO U BTOPOTO Iepe-
MHOXuTenein 1 u 10, a wuccaemyemMbiii CUTHAI
Uy (t)=Umssin(Qt-@y), KOTOPBIi MMeeT aHaOTny-
HYIO 4acTOTy () ¥ HEM3BECTHBIV (a3oBblii CABUT,
HampaBJiseTCcsl Ha BTOPO# BXO[, BTOPOTO IIepeMHO-
sxutenst 10 u BTOpOJ BXOZ, MEPBOTO IEePEMHOXKM-
Tesist 1 uepes mepBblil pasoBpallaTelb 4, KOTOPbIA
casuraet dasy ucciaegyemoro curnana Uy(t) Ha 11/2

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

OnopHbiit curHan Ul(t) un uccnemyembiii U2(t)
MOTYT MMETb pa3auyHble aMIUTUTYIbI.

CursHan u3 BToporo dasoBpaniartess 7

U4(t)=Um;cosQt
HaIpaBJISIeTCS] Ha TIepPBbIi BXOH, 6JI0Ka orpejesie-
HUSI 3HAUYEeHMS TOTMpPaBKu 14 ¥ HA BTOPOI BXO[I
6yioka yripaBiaeHusi (aszoBpaimiatenem 29. Ormop-
Hblii curHan Ui(t)= Um;sinQt HampasisieTcsl Ha
MepBbIii BXoH, 6/I0Ka yrpasieHus ¢dasoBpaliaTe-
nem 29.

Ynpasnsioiuiee HanpsikeHue Uy, KOTOpOe TeHe-
puUpyeTcs Ha BbIxoze 6JI0Ka yripaBienus ¢gasoBpa-
marteaem 29, peacTasisieT co60ii MHTErpUPOBAH-
HOe Ha YeTHOM uucjie TIepUOJIOB MpOou3BeeHNne
HanpsbkeHnit Uy(t) 1 Uy(t), yMHOKEHHOE Ha «2».

Ha BbIXOZ€ BTOPOTO U MePBOTO ITePeMHOKUTE -
seit 10 u 1 bopMuUpyoTCS CUTHABI

Us(t)=Um;Um,sinQtsin(Qt — ¢,);

Us(t)= Um;Um;,sinQtcos(Qt — @y),
KOTOPbIe HATIPABJSIOTCS COOTBETCTBEHHO Ha Tep-
BbIii BXOJI, CyMMaTopa 6 1 repBblii BX0/, 6/10Ka BbI-
YUTAHUS 2.
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Curnan
U;(t) = Um;UmycosQtcos(Qt — @y),
MPOU3BEAEHHbIII TPETbUM II€PEMHOXKUTEIEM 5,
HarpasJsgeTcs Ha BTOPOii BX0[, cymMaTopa 6. Cur-
Has
Us(t) = Um;UmzcosQtsin(Qt — ¢y),
BBIXOISIIINI U3 YETBEPTOrO MEPEMHOXNUTENS §
¥ TIOCTYTIAeT Ha BTOPO# BXO, 6JI0KA BLIUMTAHUS 2.
BJioK BhIuMTaHMS 2 BhIJAET CUTHA
Us(t)=Ue(t) — Us(t)=
= Um;Um;[sinQtcos(Qt — @) + cosQtsin(Qt — ¢,)]

= Um;Um,sine;,
KOTOpBIii HaIlpaB/ISgeTCs Ha IepBbIii Bxon 6j10Ka
nejieHus 3.
Curnan

U10(t)=U5(t) + U7(t) =
= Um;Um,[sinQtsin(Qt — ¢y) + cosQtcos(Qt — @y)]
= Um;Um;cos @y,

MOJIyYeHHBI OT CyMMaropa 6, HallpaBisieTCs
Ha BTOPOJi BXOJ, 6JIOKa IeyieHus 3.

PesynbTaToM paboThI GJIOKA Ie/IeHUS 3 SIBJISI-
eTCsI CUTHAJT

Uni(t) = Ug/Uio = tgeps,

KOTOPBIii HATIpaBJIsIeTCsl Ha 6JIOK ITpeobpa3oBa-
HUS apKkTaHreHca 9. Ha Bbixoge sToro 6yi0ka dop-
MUPYeTCS] CUTHA

Uia(t) = arctg(tgey) = ¢«
KOTOPBIi TTOCTYIaeT Ha BXOJ 6J10Ka (GOpPMUPOBaA-
HMS 3HaUeHMs nornpaBku 11.

biiok dopmupoBaHmst 3HaYeHMs IMonpaBKku 11
MpUHUMAaeT BXOAHOV curHan Uiy(t) v HampaBisieT
€ro Ha CBOJ1 mepBbIii BbIXOA. IloMMMO 3TOro, Ha OC-
HOBe BxojHOro curHana Uiy(t), sToT 6710K reHepu-
pyeT ABa IOIOTHUTETbHbBIX CUTHAJIA

Us(D=1+ @y
Upa(t) = 21 + @
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OTU CUTHAJIbl HAIPaBJISIIOTCS COOTBETCTBEHHO
Ha BTOPOJi U TPeTUii BHIXOIbI JAaHHOTO OJIOKA.

B cocraBe 6;10ka popMupoBaHNsI 3SHAUEHMS I10-
npaBku 11 HaxopsATcsl ABa cymmaropa — 16 u 17.
[TepBble BXOAbI ITUX CYMMAaTOPOB CBSI3aHBI C BXO-
oM 6JIOKa M ero mepBbIM BBIXOJIOM, B TO BpeMsI
KaK UX BTOPbIE BXOJIbI CBSI3aHbI C OJIOKAMM XpaHe-
Hus 18 u 19, roe XpaHSATCS 3HAUEHUS «TT» U «2T»
cooTBeTCTBeHHO. CUTHAJIbI Ha BbIXOAAX CyMMAaTO-
poB 16 u 17 HaIpaBSIOTCS HA BTOPOI U TPeTHil
BBIXOZIbI 6ji0Ka (OpMUPOBAHMSI 3HAUEHUST II0-
npasky 11.

Curnasnbl Ujy(t), Uis(t), Us(t) oT niepBoro, BTO-
POTO U TPETbero BhIXOAOB 6;10Ka GOPMUPOBAHMS
3HavYeHus mompaBku 11 MOCTymalT Ha COOTBET-
CTBYIOLIME BXOAbl KomMmyTaTtopa 12. CurHan
yripaBieHust U;s(t), TOTy4eHHbIH OT 6;10Ka yIIpaB-
JleHus 15, mogaeTcs Ha YIIPaBJISIIONINIA BXOJ KOM-
myTtaropa 12.

biok ympaBnenusi 15 reHepupyeT yIipaBisiio-
it curHas Uss(t) ¢ McIob30BaHMeM 6J10Ka orpe-
neneHuss 3HaueHusl momnpaBku 14. [Ias 3Toro B
0JIOK Ompeme/lieHMs] 3HAUEeHMsT TOMpaBKu 14 Ha
BTOPOM M TEPBBI BXOAbl IOAANTCS MCXOOHBIN
omopHsiii curHan Ui(t) 6e3 ¢aszoBoro casura u
onopHbIit curHan Uy(t) ¢ pa3oBbIM cABUTOM Ha T1/2
COOTBETCTBEHHO.

B pesynbTaTe paboThl 6JI0KA OTIpeIe/ieHMs 3Ha -
YyeHMs NOTIpaBku 14, Ha ero BbIXO/e TeHepUpyeTcs
CUTHA
0<@os1/2;

TI/2< Qo< 31/2;

31/2< o< 2.
MPUHUMAIOIINI OOHO U3 TPeX BO3MOKHbBIX 3HaUe-
HMi1 1, 2 uan 3, B 3aBUCUMOCTHU OT TEKYIIEro 3Ha-
yeHus Gasbl @o = Ot 1o mod 21T OTTIOPHOTO CUTHAJIA
Ui (b).

Cur"an U s(t) mocTymaeT Ha MepBbIi BXOJ,
6/10Ka yrpasjieHus 15, B To BpeMs Kak ucciaeaye-
mblii curHal Uy(t) mocTynaeT Ha BTOPOI €T0 BXO,
biok ympaBiieHust 15 co3gaeT yrpaBIsliOLIMil CUT-
HaJl

L
U16(t) = 2,
3,

1, 0<@x$m/2;
Uis(t) = 2, TI/2< @< 31/2;
3, 31/2<pxS21I.

KOTOPBIN IPUHMMAET OOHO U3 TpeX 3HaUeHmi: 1,
2 U 3, B 3aBUCMMOCTU OT BeIUUMHbI (Ha30BOro
copura ucciaenyemoro curtana Ux(t) oTHoOCH-
TeJIbHO ONOpHOro curHana U(t).

B 3aBuUCMMOCTM OT 3HAUeHWUS YIIPABIISIIOILETO
curHana Ujs(t), oguH u3 Tpex curHaioB Uj(t),
Uis(t) mmm Ui(t) IpoxXoguT yepe3 KOMMyTaTop 12.
B pesynbTare Ha BbiXoge kKommyTaTopa 12 popmu-
pyeTcst CurHain

@x 0<@x<T1/2;
Un()= @ +m T1/2< QxS 311/2;
s+ 21 311/2< xS 21T
KOTODBIIi 3aTeM HampaBjseTcs B OGJIOK OTYeTa U
peructpauuu 13.

OnucaHHbIii MHPPAHM3KOUYACTOTHBIN (a3o-
MeTp I03BOJISIET YMEHBLINUTD OTPELIHOCTb U3Me-
peHus ITyTeM BHECEHUSI KOPPEKTUPOBOK B pe3yJib-
TaTbl M3MepeHMs], UTO YCTpaHsSeT HeoJHO3Hau-
HOCTbD B ofpejiesieH M (a3zoBOro CABUTra CUMHYCOM-
IaJIbHBIX CUTHAJIOB U OIIMOKY, BhI3BaHHbBIE (Da30-
BpalllaTesieM OIOPHOTO CUTHaa.

biok ompepeneHuss 3HaueHus MOMpaBku 14
BK/IIOUaeT B cebs Ba JaTuMKa Iepexoia depes
HOJb 20 U 21, TepeMHOXUTENb 22, TIepBbIi CyMMa-
TOp 23, 6JIOK JeyieHus Ha "2" 24, BTOPOi1 CyMMaTOP
25 u 6710K XpaHeHus 3HaUeHus "2" 26.

biok yripaBiaeHust 15 cOCTOUT U3 TOCIeA0Ba-
TeJIbHO MOJK/II0UeHHbIX KoMITapaTopa 27 1 Kjmda
C mamsThio 28.

biok yripaBnenus aszoBpamarenem 29 comep-
SKUT NepeMHOxxuTesb 30, nuTerpatop 31 u ycunm-
TeJb 32 ¢ K03bduieHTom ycuaeHus "2".

BoiBOabI

OmnucaHHbIii B JAHHOI CTaThe MHPPaHU3KOYa-
CTOTHBIV (ha30MeTp 3HAUUTEIbHO YyMEHbIIaeT
OLIMOKM M3MepeHMit. DTO AOCTUTAeTCs Oarogaps
IIBYM KJIIOUEBBIM XapaKTepuUCTUKaM YCTPOICTBa.

IlepBasi U3 HMUX 3aK/IIOUAETCS B YCTpaHEHUM
HEOHO3HAYHOCTM TpU omnpeneneHun ¢Ga3oBoro
COBUTa CMHYCOUIA/JIbHBIX CUTHANOB. B cTaHmapT-
HbBIX YCJIOBUSIX TAKOM CABUT MOXKET BapbMPOBATHCS
B Iyara3oHe or 11/2 1o 271. B TakoM 60/bIIOM AMa-
Ia30He BO3MOKHO IIOSIBJIEHME OMMOOK u3-3a
CJIOKHOCTY TOYHOTO OIpeeeHNs] 3HaueHus ¢a-
30BOro ¢aBura. OmHako 6;1arofaps YHUKaJIbHOMY
MOJIX0/y, TIPUMEHSIEMOMY B OMMCbIBaeMOM (a3o-
MeTpe, JaHHAas ITPo6ieMa YCIEIIHO PeIlaeTcs.

BTopasi xapakTepucTuKa, MO3BOJSIONIAS CO-
KPaTUTh KOJIMUECTBO OILIMOOK B M3MEPEHUSIX, CBSI-
3aHa C yCcTpaHeHMeM MorpeurHoctu asopaiia-
TeJs OMOPHOTO CUTHAaja. B OOGBIUHBIX YCIOBUSX,
TaKue MOTPEIIHOCTM MOTYT BO3HMKATh M3-3a He-
UIeaNbHBIX YCJIOBMII PaboThl MM HECOBEPIIEH-
CTBa CaMOTO yCTpoiicTBa. Ho mpuMeHeHMe Crienu-
aJIbHOTO TIOAXOAAa B JAaHHOM (hazoMeTpe IM0O3BO-
JIleT MMHMMM3UPOBATh 3Ty Ipobiiemy, nenas u3-
MepeHNsa 60]’[86 TOYHBIMU U HAOEXXHBIMU.

Takum o6pa3oMm, YHUKaIbHAsI KOHCTPYKIUS U
MeToIMuKa paboThl OMMCAHHOTO MHEGpaHM3KOYa-
CTOTHOTO (ha3oMeTpa CIIOCOGCTBYIOT 3HAUUTEIb-
HOMY CHM>XE€HUIO IIOTPEITHOCTU I/I3M€p€H]/[I7[ U 110-
BbINI€HMIO TOYHOCTU M HaJAEKHOCTU I10JTy4YaeMbIX
IIaHHBIX.
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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.
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HIEHAEPOB AHTOH JIeOHMIOBUY
NupuBunyanbHblii npeanpuauMarens [llenaepos AHTOH JleoHUIOBNY,
benmapycs, r. MuUHCK

KAPBOH U EI'O ITIPUMEHEHUME
B ABTOMOBWJIECTPOEHNU U ABTOCIIOPTE

AHHOmauua. Cmamos nocsaAWeHa Uuccie008aHu 80NPOCo8 NpuMeHeHUs: KapboHa 8 asmomoounIecmpoeHuu
npu npousgoocmee asmomo6buneii. Onucsl8aomcsa xapakmepucmuku KapboHd Kak Mamepuaia, Npueoosmcs npu-
Mepbl €20 UCNOJIb308AHUS 8 PA3IUUHBIX UACTISIX ABMOMOOUIS. YMOUHSAemcsl, 4mo 2/1aéHblMuU 00CIMOUHCMBAMU Kap-
00Ha 8 a8MOMOOUNIECMPOEHUU SBTIAIOMCS BbICOKAS HECMKOCHb, NPOUHOCMb NPU PACMANCEHUU, JIe2KOCb, HENnoo-
8EPHEHHOCMb A2PECCUBHBIM XUMUUECKUM 8030elicmeusm, YCmotiuugocms Npu 8bICOKUX MeMnepamypax, Hu3koe
menJiogoe pacuiupeue. IToduepkusaemcs, umo npumeHeHue KapboHa 8 A8MOMOOUNAX CBA3bI8AIOM C YeIIMU 3e-
JIeHOUi 9KOHOMUKU U y2nepOoOHOll HelimpanbHocmu, 88Udy 8bICOKOLI 3(hheKmuUsHOCIMU MAmepuaid u ezo 3K0a02uu-
Hocmu. TTo umozam uccnedosauus 0enaemcst 861600 0 MOM, UMO C y4emom memnos pocma puiHKa yenepodHo20
B0JI0KHA U BbICOKUX Nepcnekmue npumeHeHust KapboHa 8 asmomobuiecmpoeHull, MOXCHO oxcudams éce 60Jiee 8bl-
COKOe NPOHUKHOBEHUS KApOOHA 8 A8MOMOOUNBHYIO NPOMBIUTEHHOCTb.

Kntouesnle cnosea: Komno3um, yzﬂepoaHoe 60J10KHO, Kap6OH, aGmOMO6LUlU, npomslulsIEHHOCM®b, dsmocnopm,

ynpaeJjisiemocms, 6ec asmomoouns.

Passmne aBTOMOOMJIbHOIM ITPOMBIIUIEHHOCTH
¥ aBTOMOOMJIECTPOEHMSI SIBJIIETCS  CJefd-
CTBMEM pearupOBaHUSI TIPEONPUSITUILI HA 0ObEK-
TUBHBbIE BBbI30OBbI COBPEMEHHOCTM ¥ HOBBIE IIO-
TPeOGHOCTM HACeJIeHUs, C YUeTOM SKOHOMUUYECKMUX
BO3MOKHOCTEI, TIEPCHIEKTUB U TEKYIIUX PbIHOY-
HBIX yCI0BUit. [IpyMeHeHMe KapOoHa B aBTOMOGM-
JIECTPOEHUY CTAHOBUTCS BCe 60jiee 00bEKTUBHBIM
TPEHIOM COBPEMEHHOCTH, BhI3BAHHBIM YHUKAJIb-
HOCThIO JAHHOTO MaTepyuasa, BHICOKMM YPOBHEM
9KOJIOTMYHOCTU U CTPEMJIEHUSIMY TTPOU3BOISIINX
KOMITaHMI BOCCO3[maBaTh Haubojee 3P eKTUB-
HbI€ TPAHCIIOPTHbBIE CPEeCTBA IO/, OIlpeeeHHbIe
HYKAbI. Tak, OMHUM U3 MEPCIEeKTUBHBIX C TOUKU
3peHusT MPOU3BOACTBA HOBBIX MOjejieii aBTOMO-
Oweii HampaB/JIeHUII CTAHOBUTCS OPTaHM3aLMs
MIPOM3BOICTBEHHON MeSITETbHOCTY Y TpeljioKe-
HJe HOBbIX KOHCTPYKTOPCKMX pelIeHUi Mo Io-
TPeOGHOCTh ABTOTOHINMKOB, B LEJISIX ampobauym
HOBBIX KOMOMHAIIMIT MaTepuasoB M KOHCTPYKIIA-
OHHBIX KOHGUTypalmii B 3KCTPEMaIbHBIX YCJIO-
BUSIX.

AKTYyaJbHOCTb TEeMbI MCCIEIOBaHUS MecTa U
ponyu Kap60oHa B aBTOMOOWIBHO IPOMBIIIIEHHO-
CTU OTpejesieHa TeM, UTO CETOAHS MPOU3BOAM-
TeJIM HaKJIaabIBalOT HAa KapOOH METKy GymyIlero,
KaK BBICOKOITPOYHOTIO, JIETKOTO U 3(P(hEeKTUBHOrO
MaTepuana, IpMMeHeHe KOTOPOTo ykKe HaXOOUT
3HAUMTEJIbHBIN OTKJIVK co CTOPOHBI

MMPOM3BOAUTENEN. B CBSI3M C 9TUM BBICOKOE poJie-
BO€ 3HAuUeHMe MPUOOPeTAIT MUCCIeIOBaHNS,
HalleJIeHHble Ha UCC/IeJoBaHMe KapboHa U Tiep-
CTIIEKTMB €r0 IpVMEHEHUs] B aBTOMOOWIECTpoe-
HUM, U, B YACTHOCTU, IIPU U3TOTOBJIEHUYN aBTOMO-
6wteit oA, HysKA bl TPUMEHEeHNS B aBTOCIIOPTE.

Llenp McciiemoBaHMs — OMMCATh 0COOGEHHOCTH
MpMMeHEeHMSI U PoJib KapboHa B aBTOMOOWIIBHOIA
MIPOMBIIITIEHHOCTH.

KapboH siBisieTcst yI/IepOOHBIM KOMITO3UTOM,
NpuMeHeHye KOTOPOro CerofHs BCe yYalle HaxXo-
IUT CBOI OTKJIMK B COBPEMEHHBIX aBTOMOOWJISIX
BBUY BbICOKMX 3HaUeHMI YIapOIPOYHOCTH, pac-
TSDKMMOCTHM, TEPMOCTOMKOCTM ¥ MHOTUX OPYIUX.
Pa3paboTka YriaepogHbIX KOMIIO3UTOB, B TOM
yucyie u Kap6boHa, BO MHOTOM COIIpssKeHa € JC-
MOb30BaHMEM CIlelMa/IbHbIX YIIEPOLOB, KOTO-
pble MpPU HarpeBe MHPUOOpeTalT HeoOXOmyMbIe
CBOJCTBA.

Crnenuduyeckre 0COOEHHOCTM YIJIEPOTHOTO
KOMII03UTa (pUC. 1) onpesesieHsl ero crienuannsu-
pPOBAHHOM CTPYKTYpOU, MpeJCTaB/IeHHO! B BUIe
MaTpulipl, B KOTOPOJi ITyTeM apMMUPOBaHUS yIjie-
POAHBIMM WM TPaUTOBBIMU BOJIOKHAMY (POpMU-
pyeTcsl CTpyKTypa Matepuaina. [Ipuuem yriepon-
HBII KOMITO3UT MOXET ObITh KaK MPOCTHIM OJTHO-
HanpaB/IeHHbIM, TaK U UMEThb CJIOKHYI0 CTPYK-

Typy.
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Puc. 1. YrinepogHbIlii KOMITIO3UT

3aMeTMM, 4TO YIIepoJHOe BOJIOKHO — OYEHb
MMPOYHBII MaTepuas ¢ He6oIbIIMM BecoM, 06/1a1a-
OIMIA BBICOKOM MOPOYHOCTBhIO. Kak oTmeuaeTr
Patil S., mpoyHOCTbH KapOOHA MPUMEPHO B IISITh Pa3
BbIIIIe CTa/M [6]. YIyiepoAHbie KOMIIO3UTBI 00pasy-
I0TCSI ITyTeM B3aMMO/IeICTBYSI CMOJIbI U TIACTHUKA,
apMMPOBAHHOIO YIJIEPOAHBIM BOJOKHOM, KOTO-
pbIif O6IamaeT BBICOKOI ITPOYHOCTHIO OTHOCHK-
TeJIbHO 001Ielt Macchl. B unciie r1aBHBIX KauyecTB
KapboHa MOXXHO BBIJIEJIUTH: BHICOKYIO KECTKOCTD,
MMPOYHOCTb TIPM PACTSIKEHUM, JIETKOCTb, HEIo/I-
BEP)KEHHOCTb arpecCMBHBIM XUMWYECKUM BO3-
IeMCTBUSIM, YCTOMUMBOCTD TIPU BBICOKUX TeMIIe-
parypax, HM3KO€e TeIlJIOBOe pacIivipeHMe.

TeM He MeHee, HECMOTpPSI MHOTME IOCTOVH-
CTBa, KapOOH 006J1alaeT TaKKe U OMpeaeIeHHbIMU
HeoCTaTKaMM — YacTO JIOMAEeTCS MM Pacchira-
eTcsl IpU CKATUM CBepX IMpefesa ero MpoYHOCTH
WM B pesyJibTaTe CWIbHOTO ymapa. KoMITo3uTsi,
KaK ITPaBWJIO, SKOJIOTMYECKY YMCThIE ; TAKUMM 00pa-
30M, OHJ He HaHOCSAT Cepbe3HOro yuepba okpyska-
fonieii cpefe. Ha maHHbBIN GakT Takke yKa3biBaeT
H.B. CepoB, cuMTamouuii, YT0 Kap6boH MTO3BOJUT
aBTOMOOM/IbHOI ITPOMBIIIVIEHHOCTY UITU B HOTY C
TPEHJOM Ha KOHTPOJb 3a Bhibpocamu [4]. Bec ma-
Tepuasa U3 yIrjaepoJHOTO BOJOKHA 3KBUBa/IeHTEH
Becy IUTaCTMKa M 00JyajaeT OOJbIIMM KOJMYe-
CTBOM CBOJICTB, 4eM OOBIYHbIE MeTa/lINYECKUe
MaTepuanbl. DTO AenaeT KapOOH Haubojee BOC-
TpeOGOBaHHbIM B MpoOllecce IMPOMU3BOJCTBA a3PO-
KOCMMUECKO TeXHUKU, MOPCKON TEeXHUKM, a
Takke B Takux cepax, Kak rpaxmaaHCKoe CTpOM-
TeJIbCTBO, aBTOMOGM/IECTPOEHE.

HarnsggHbeIM MpuMepoM MpUMeHeHUsT KapOoHa
MOYKHO Ha3BaTb CHMKEHME MacChl aBTOMOOUIIE,
KaK IJIaBHOE YCJIOBME TP paboTe C TKelIoBec-
HBIM TPAHCIIOPTOM, UM TeMU BUAAMMU TpaHC-
MOpTa, KOTOPbIe MOJKHBI 06/1a1aTh MTOBBIIIEHHOM
JIETKOCThIO, HAIpyMep TOHOYHbIE aBTOMOOWMIIN.
A.B. Mypamikos un A.B. TTonos B cBOeM uccienoBa-
HUM TIPSIMO YKa3bIBAIOT HA (haKT TOTO, UTO MCIIOJb-
30BaHMe KapOoHa ¥ MOAOOGHBIX My KOMITO3UTHBIX
MaTepPUaIoB CIIOCOOHO 3HAUUTEIBHO COKPATUTH
Maccy Ky30Ba TPaHCIIOPTHBIX CPeNICTB, OIIpedesis
POCT TUIABHOCTM XOAA; MPU 3TOM aBTOPBI yKa3bi-
BAIOT Ha KJII0YeBOJi HeJIOCTaTOK MaTepuasia — ero
XPYIKOCTb. B CBSI3U € 9TMM KapOOH He MOXKET IIpU-
MEHSITbCS B KPUTUUYECKUX KOMITOHEHTax aBTOMO-
6wmng [1]. O.M. PasuHa CUMTaeT, YTO TJIaBHBINA U
TIepBUYHbI HEOCTATOK KapboHa — 3TO €ro CTOU-
MOCTb, 3HAUUTEIBHO 10 YPOBHIO ITPEBOCXOISIIAS
MeTaJl/Tbl, a TAKXKe MaTepuabl 3 CTEKIOBOJIOKHA.
IMogo6HOe O6CTOSITEBLCTBO OMpPemesiseT CHIKe-
HMEe CKOPOCTM pacIpOoCTpaHeHUS] U TOMyJsipu3a-
LU YIJAEPOIHBIX MaTepuasaoB, YTO TpedyeT pas-
BUTUSI UHHOBaLMI B chepe Mpou3BOACTBA ITPU CO-
XpaHeHUM YCTAaHOBJIEHHOV IJIaHKM KayecTsa [2].

VriepofHOe BOJIOKHO M KOMIIO3UTBI, IJIaCT-
Macchbl, apMUPOBaHHbIE YIJIEPOOHBIM BOJIOKHOM,
OTKPBIBAIOT Iepel aBTOMOOWJIbHBIMMY KOMIIAHMU-
SIMM BCECTOPOHHME BO3MOXHOCTU JJ151 afanTalum
CTPYKTYPHOJ MHXXEHEPUM K TPEHAY YCTOMYMBOTO
pasBuTus 1 GOPMUPOBAHNIO HAPSIAY C STUM AO-
ctynHocTu. CTanb U ApyTUe MeTalTbl IUPOKO MUC-
TO/TB3YIOTCSI B aBTOMOOWIBHOJ ITPOMBIIIEHHO-
ctu. Tem He MeHee MeTasIbl U CIIJIaBbl MO-TIPEX-
HeMy MMeIOT pellapllee 3HaueHue s
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aBTOMOOWIBHOTO [M3aifHa M KapKaca aBTOMO-
6mns. Ha pucyHke 2 mpencTaB/ieHbl BapUaHThI

MUCTIOJIHEHMST OTHAE/NbHBbIX YacTeii aBTOMOOW/IS C
MpUMeHeHreM KapOoHa:

Puc. 2. IlpuMeHeHne Kap60oHa B aBTOMOOMIECTPOEHUN

PUCYHOK 2 IEMOHCTPUPYET, KaK KapOOH MOXKET
MCITOb30BaThCS B PA3JIMUYHBIX 3JI€MEHTaxX aBTO-
MOOMJISI: OT ABUTATeIsI ¥ KOPOOKM Tepemad, o
maccu aBTomMoOwia. Bosee Toro, Kap6oH Takxke
MIpUMEHSIETCSI B LIEJISIX JTEeKOPUPOBAHUS, CHUKe-
HMSI Beca Ky30Ba, B [BepSIX aBTOMOOMISA U T.O. B
1IeJIOM TIpMMeHeHNe KapOoHa B 3aBUCUMOCTU OT
KOH(UTYypalyy aBTOMOOWIIS ITO3BOJISIET CHU3UTD
Bec Ha 25-60% 1pu cpaBHEHUY C META/UTNYECKUM
ucrnonHeHneM. Pazpaborka kKapboHa U ero BHe[ -
peHye B aBTOMOOMJIM CITOCOOCTBYIOT MOBBIIIEHNIO
YAapOINPOYHOCTM aBTOMOOMUIIEN ¥ CITOCOGCTBYET

3aIIUTe BHYTPEHHUX KOMIIOHEHTOB, 6ojiee IT0po-
TOCTOSIIIMX OTHOCUTENBHO Ky30Ba M OPYIUX Ya-
cTeil. Harpumep, B c/lyyae UCIOIb30BAHMUS yIJIe-
POJIHBIX KOMIIO3MUTOB /ISl KallOTOB aBTOMOOMIEN
yaeTCsI MOBBICUTD yIaPOIIPOUHOCTH IIPU JIOGOBOM
CTOJIKHOBEHUM, YTO CIIOCOGHO 3aIIUTUTh BHYT-
peHHMe KOMIIOHEHTbBI: ABUraTe/ib, aKKyMYJISATOD,
KOMIIbIOTE€PHBIE CUCTEMBI M [IP., 3a CUET IPUHATHUS
yaapa Ha KapOOHOBYIO YaCTh aBTOMOOMJIS.

O6miast CTpyKTypa IIpOM3BOJACTBA KapOoHa
MMeeT psifi BKIIOUAKONIMX B cebst 3TaroB (puUcy-
HOK 3):
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wr Craomwmszamus W KapGonusarms

Tlocne CT8.6I/IJ'II/I33.HI/[I/I
BOJIOKHA HarpeBaroT 10

IpoucxoauT XUMHYECKOE
M3MEHCHHUE yIIIeposa.
BoJiokHa HarpeBaTcs 10
390-590°F (200-300°C) B
Teyenue 30-120

MHUHYT. DTO 3aCTaBIsIET
BOJIOKHA IIOTJIOMIATh
MOJICKYIIbI KHCIIOPOJA U3
BO3JlyXa M IIEpecTpanBaTh
CTPYKTYPY MX aTOMHBIX
cBsi3eif; Oonee ToOro,
peaNu3yIOTCs TAKKE U
cTabunusupyonye

5500°F (1000-3000°C) B
TEUEHHE HECKOJIBKHX
MHHYT B [1€YH,
3aII0JIHEHHON Ia30BOil

KHUCIopoaa. Henocrarox
KHUCJIopoaa
NpeaoTBpanacT

OYC€HBb BBICOKHUX

CTaJIUN. Temieparypax. JlaBieunue

rasa BHYTPH Ne4H
TMOJUIEP/KUBACTCS BBILIE,
4eM JaBJIeHHE BO3IyXa

CHapYXKH, a TOYKH BXOJa H
BBIX0/Ia BOJIOKOH M3 T€UH
TepPMETU3HPOBAHBI, YTOOBI

HE JIOITyCTHUTh
TIPOHUKHOBEHUS

kucnopona. Heyrinepomanst

€ aTOMBI yHAISI0TCS,
OCTaBILUECS ATOMBI
yriepoza 06pasyior
MPOYHO CBSI3aHHbIE
KPHCTAILIBL YIIeposa.

TeMmepaTypsl okoio 1830-

CMECBIO, He cozieprkanieit

BO3rOpaHHU€ BOJIOKOH IIPH

O6paboTka
. [IOBEPXHOCTH Pazmepsl

Yrobst NIpUaaTh BOJIOKHAM
JIyYIIne KIesamue TIOBEPXHOCTHU Ha BOJIOKHA
CBOJCTBA, MX OBEPXHOCTh HaHOCHTCS TIOKPBITHE,
clIerka 3allMIIaloNiee X OT
okcHaupylor. Jlobasnenue MOBPEXJICHUH 11pU
aTOMOB KHCIIOpOAa K HaMaTbIBaHUH WA
TIOBEPXHOCTH IUIETEHUH. DTOT Tpouecc
obecmneunBaeT JIy4qmue Ha3bIBACTCA

CBOICTBAa XMMHYECKOH pa3mepom. Marepuaib
CBS3H, a TAKIKE TPAaBUT U TIOKPBITHA BLIGI/IpaFOTCH
NpUAACT MIEPOXOBATOCTH Tak, 4TOOBI OHU OBUTH
TIOBEPXHOCTH I COBMECTUMBI C KJIEEM,
YaydqmeHuss MEXaHu4C€CKuX HCIIOJb3YEMBIM JUIA
cBoicTB cBA3M. BonokHa (dopmupoanus

TaKX€ MOKHO ITOKPBITh KOMITO3UTHBIX
DIIEKTPOITATHICCKUM MaTepHaJioB. Tunuansie
CHOCO60M, TIOMECTHUB MaTepUalibl HOKPBITUS
TIOJIOKUTENbHBIN BBIBOJ BKJIIOYAIOT SMOKCUTHYIO
BOJIOKHA B BaHHY, CMOJTy, HOJMACTED,
HATIOJTHEHHYO HEHIIOH, ypeTaH H JIpyrue.
PpasIMIHbIMA

9JIEKTPONPOBOAAIIMMU

MaTepHaTaMH.

Iocne o6paboTku

Puc. 3. DTarmbl MpoM3BOACTBA KapOoHa

O6pamasich K puc. 3, 3aMeTUM, 4TO I10CJIe ITPOo-
M3BOACTBA YIVIEPOAHOM TKaHU U3 Hee GOPMUPY-
eTCs1 YIJIEpOIHOE BOJIOKHO M Kap6oH. [Tpu nmpous-
BOZCTBE HAOJIOMAIOTCS 3HAUMTENbHbIE 3aTPaThI
SHePTMM [Jis Harpepa U MOAJepskaHUsl TeMIiepa-
TYPBI.

VuuThiBasg BbICOKME MEPCIIeKTUBbI UCIOIb30-
BaHMSI KapOOHa B aBTOMOOWIECTPOEHMM, B TOM
YyCIIe MPY MPOV3BOACTBE CIIOPTUBHBIX aBTOMOGM -
Jieil, HaOMI0IaeTCsT 3HAYMTENbHBII TPEHI pocTa
pbIHKa yIJI€POAHOTO BOJIOKHA. II0 JaHHBIM
mordorintelligence pbIHOK yT€POJHOTO BOJIOKHA
B 2021 r. coctaBua 2,6 mapa. most. CIIA; Ha miep-
criekTUBY A0 2027 roma mMpOTHO3UPYETCS Hempe-
PBIBHBII POCT pbIHKA C €XErogHbIM CPeLHerono-
BBIM TEeMIIOM B 6% [3]. IMeHHO NpOMU3BOAUTEIN
CTAHOBATCS KIIOUEBBIMM UTPOKaMM, OOYCIaBIIMU-
BaOMMMM DPAa3BUTUSI KapOOHOBOI MPOMBIIIIEH-
HOCTY, TIOCKOJbKY CITOCOOCTBYIOT TIOBBILIEHUIO
BHYTPUOTPACIEBBIX CTAHAPTOB, OIIpeNesioT Lie-
HOBbIe MPeAJIOKEHUSI U YIPaBJSIOT MOCTaBKaMU
IS obecrieueHMsT HEMPepPbIBHOCTY TIPOU3BOJ-
CTBEHHBIX IIPOIIECCOB U TIOKPBITUS TOCTOSTHHO
pacTylLero crpoca.

Ha Ham B3r/is7, 3HaUUTEIbHOE Pa3BUTHE Kap-
GOHOBaAs TPOMBIIIJIEHHOCTb MOXET IPUOOPECTH B
TOM CJTy4ae, ecjim 6yayT OCyImeCTBASThCS MHOTO-
cTOpOHHMeE U 3D PeKTUBHbIE MMap KOMITAHUM, KO-
TOpbIE MOTYT BOCIIPOM3BOAUTHLCS HA 6a3e aBTOro-
HOK U aBTocmnopTa B 1enom. KapboH, kak mare-
pual, UMeeT He TOJbKO BBICOKYIO MPaKTUUYHOCTD,
HO U 3PeJIUIITHOCTD, TPUKOBBIBAS K ceOe BHMMaHMe
3pureseii. McronHeHue aBTOMOOGUIIEH AJIST aBTO-
copra u3 KapOOHAa, BHeApeHMe KapOOHOBBIX

BCTaBOK TaKMM 06pa3oM o6iaaeT BbICOKOI ITpaK-
TUYHOCTBIO ¥ OTJAMUYUTETbHBIM OM3aifHOM. B 00-
el CTPYKType MOXKHO BBIJEIUTb CJIeIyIOIINe
MpeuMyIIecTBa Kap6oHa 1 mpecc-Gopm 13 HEero B
CIIOPTMBHBIX aBTOMOOWMIISIX [5]:

e  BBICOKME MeEXaHUYECKUE
CTUKMU;

e  pasmMepHasi CTaOMIbHOCTD;

e  YCTOMYMBOCTH K BBICOKMM TEMIIEPATYPaM;

e  BO3MOKHOCTb IPOU3BOAUTL OOJIbINE JIe-
TaJIeli ¢ OJIHOJ U TOI ke mpecc-GhopMoii;

e  IIPOCTOTA PEMOHTA (3aMEHbI);

e  OTHOCUTEJIbHO HU3Kasl CTOMMOCTb C yue-
TOM MHIMBUAYAJIbHOT'O M3rOTOBJIEHUS;

e  TUOKOCTb MPUMEHEHMST MaTepPUaioB;

e  BO3MOXHOCTHb CO371aBaTh CJIOKHBIE
(hopMbI oM MOTPEOHOCTM KOHKPETHOT'O aBTOMO-
O6WJISI ¥ eTO 3a1aUM.

Vicrionb30BaHMe YIIePOIHBIX KOMITO3UTOB I10-
JIOKUTEJIbHO BJIMSIET HA SKCIUIyaTalMI0 aBTOMO-
6w, YriepogHble KOMIIO3UThI 00J1alal0T BbICO-
KOJi YIapONpOYHOCTbIO M MOTYT BbIAEpPKMBATh
3HAUUTEbHO BBICOKME TeMIIepaTypbl, UTO CIIO-
COOGCTBYET MX MCITONb30BAHMIO B aBTOMOOWISIX U
aBTOMOOWISX. [IpyrMe Marepuasbl, TakKuMe Kak
CTIb U TIOJOOHBIE METAJUIbI, SIBJSIIOTCS XOPO-
MMM TIPOBOJHMKAMU 3JIEKTPUUECTBA U TeIlla,
YTO MOKET IMPUBECTU K Cepbe3HOMY ITOBpeXIe-
HUIO IPYTUX KOMIIOHEHTOB aBTOMOGMIISL. [TosToMy
MCITO/Ib30BaHME YIVIEPOAHBIX KOMIIO3UTOB B 3TOM
OTHOLIEHUY BBICOKO3(PEeKTUBHO. TOUHO Tak Ke
MCITOJIb30BaHMe YIJIEPOIHBIX KOMITO3UTOB JIJIST Ka-
ITIOTOB aBTOMOOWJIE MM JepiKaTesss aKKyMyJIsi-
TOpa MOXeT ObITb O4YeHb 3S(PGEeKTUBHBIM,

XapaKkTepu-
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ITOCKOJIbKY €ro MpOTUBOYIapHbIe CBOIICTBA MOTYT
IIOMOYb IIPeNOTBPATUTh ITOBPEXKIEHME BHYTPEH-
HMX KOMIIOHEHTOB aBTOMOOGMJIS B CIy4Yae KPYITHbIX
aBapuit. B TakoM cyiyuyae Kap6oH IpUMeT 60Jib-
IIYIO YaCTh YOAPHO CUJIBI B ce0s1, M eC/IM OHA Tpe-
BBICUT TIpefeJibl 3armaca IpoYHOCTH, TO OH paspy-
HIUTCSA, MMHOBAB IIOBpEXIEeHMEe OPYIMX KOMIIO-
HEHTOB. JTO IT0JIe3HO IJIs1 CIIaCeHMsT KMU3HeN, a
TaKKe [IjIs1 00ecreueHst HeIpepbIBHOIO (QYHKIM-
OHUPOBAHMS aBTOMOOWJIS B 1I€JIOM, €0 PeMOHTO-
MIPUTOTHOCTH.

Takum o6pa3om, IpuMeHeHKe KapOoHa B aBTO-
MOOWMJIECTPOEHMU U aBTOCIIOPTE SIBJISIETCSI 00'bEK-
TUBHBIM TPEHIOM YCTOMUMBOIO (3€JIeHOr0) KO-
HOMMYECKOTO pasBUTUS U ITOMCKA HamboJIee mpu-
TOOHBIX M 006JIafaolMX OTIPOMHBIM UMCIOM [I0-
CTOMHCTB MaTePHUaIOB, KOHKYPEHTOCIIOCOOHBIX Ha
dboHe TpaaMLMOHHBIX MeTanaoB. C yuyeToM TeM-
IIOB POCTa PbIHKA YIJIEPOAHOrO BOJOKHA M BbICO-
KMX [IePCIIEeKTUB IIPMMEHEeHMS KapOoHa B aBTOMO-
OMIeCTPOEHMM MOXKHO OKMIATh BCe 60Jiee BhICO-
KOe TIPOHMKHOBEHMS] KapOOoHa B aBTOMOOUJIbHYIO
IIPOMBIIIEHHOCTD, a KaK MUTOT, ITOSIBJIEHNE HOBBIX
aBTOMOOMIIEN, CHUKEHME CTOMMOCTY IIPOMU3BO/I-
cTBa KapOOHa U JIp.
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SHENDEROV Anton Leonidovich
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 JAEJIO

BPIOTOB CBeTociaB AleKCaHAPOBUY
KypcaHT, HoBocOMpcKuit BOEHHBI MHCTUTYT opaeHa JKykoBa MMeHM reHepaia apMun
W.K. SIxoByieBa BOVCK HallMOHA/IbHOI rBapauu PO, Poccus, r. HoBocubupck

JAVCHUIVIMHA B ITOAPA3IEJIEHVN

AnHomauyusa. Cmamua nocesweHa 60NPocam 80UHCKOU JUCYUNTUHbL, NPABULAM NOBEJeHUsl 8 80UHCKOM KO-
JIEKmuee, 8AUsHU0 60UHCKOL OUCYUNJIUHbI HA NOBCEOHEBHYI0 Xcu3HedesmenbHocms. Paccmompena cucmema no-
owpeHull U HaKasauuti, a maxkxce npopuaaKmMuKa 60UHCKOU AUCYUNIUHbL 8 NOOpa3deseHUl.

Knioueesie cnoea: 6ouHckas aucuunﬂuHa, KoJliekmus, ycmas, CleJK6a, noouipeHue, sjiussHue, COCmosiHue, Ko-

MaHoup, peuleHue.

TepMI/IH «IUCHUIIIMHA» nosiBUJICS B Poccuu B
mapre 1714 ropma no yxkasy Iletpa I «O coxpa-
HEHUU AUCHUTUIMHBI Ha KOpabie U MOACYTHOCTH
MOPCKUX M CYyXOITyTHBIX BOEHHOCTyXXamux». Cy-
HIeCTBYIOT pasjinuHbie GOPMbI IUCIIUTUIMHBI: TOC-
yIapCcTBEHHAs, TPYA0Basi, 00IeCTBeHHASI, TapTUii-
Has. Pa3sHOBUOHOCTBIO TOCYAApPCTBEHHON AUCLIM-
TUIMHBI SIBJISIETCSI BOMHCKAs OUCLHUIUIMHA. BouH-
CKasl AVICIIUIIMHA eCTh CTPOTrOoe M TOYHOe COOIIo-
JIeHye BCeMM BOEHHOUTYXXall[MM OPsIIKa U mpa-
BWJI, YCTAHOBJI€HHbBIX 3aKOHAMM, BOMHCKMMM yCTa-
BaMU U TIpUKa3aMy KOMaHAMPOB (HAa4aJbHUKOB).

ITpob6eMa COCTOSTHUS M YKPETIEHMSI BOMHCKOIA
OVICUUIUIVHBI HAa CETONHSIIIHUI JeHb SIBJISIETCS Off -
HOI1 U3 caMbIX OCTPBIX B XKM3HU U AeSITeTbHOCTU
Boopyskennbix Cui Poccuiickoint @enepauun. Ot
COCTOSTHUSI BOMHCKO¥ IVCUUTIIMHBI BO MHOTOM 3a-
BUCSIT HE TOJIbKO 60eBast TOTOBHOCTD YacTeil U Co-
eqVHeHui, HO U aBTopuTeT BoopykeHHbIX Cui B
ob1ecTBe.

CyTb BOMHCKOM OUCUMUIUIMHBI U3JI0KeHa B 1Y
BC P®. B cT. 1 aToro YcraBa maeTcsl onpeaeieHne
BOVMHCKOJ OUCLUIUIMHDBI: «BOMHCKas JUCLINUILINHA
€CTh CTPOTOe ¥ TOYHOe COOJIOfEeHe BCEMM BOEH-
HOCTY>KalllUMU TIOpsSiAKa UM TpaBMJl, YCTAHOBJIEH-
HbIX 3aKOHaMM, BOMHCKMMM yCTaBaMM U TIpUKa-
3aMM KOMaHIUPOB (HayaJbHUKOB)». Heo6xogmumo
MOLUYEPKHYTh, YTO AUCHUIUIMHA HE MMeEET Lienu
yIIeMuTb TpaBa JuyHOCTM. OHa obecreunmBaer
CTUIOYEeHHOCTb BOEHHOWIYXXAU[UX, UX TOTOBHOCTb K
BBIMIOJIHEHUIO CTOSIIIUX Tepesl HUMU 3a/1ay.

3a COCTOSIHME BOMHCKOM OMCLUUIUIVHBI B BOMH-
CKOJi YacTu (Togpa3ge/ieHMN) OTBEYAKOT ee KOMaH-
oup " 3aMeCTUTeNb KOMaHAupa o

BOCIIMTATEIbHOM paboTe, KOTOpbIe MOKHBI I10-
CTOSIHHO Tpe6oBaTh OT IMOAUMHEHHbIX ee COOIofe-
HMSI, TIOOUIPSTh TOCTOMHBIX, CTPOTO, HO CITpaBef, -
JINBO B3bICKMBATh C HEPAIVBBIX.

OCHOBHBIMM TPeOOBAHUSIMMU K aHAIMU3y BOVH-
CKOJ IUCIHUIUIMHBI SIBJISIIOTCS OOBEKTUMBHOCTb,
BCECTOPOHHOCTb, KOHKPETHOCTb, PEryJspHOCTD,
CUCTEeMHbII IOAXO0[I,.

Komaunmup mompasmeneHusi, Opranusyst paboTy
IO MOAJePKaHUI0 BOMHCKOM AUCUMUIUIMHBI U TIpa-
BOIIOPSIZIKA, TO/DKEH VICXOOUTD U3 TOTO, UTO Kperl-
Kasi BOMHCKasl JUCHUIUIMHA U TBEPJbIii YCTaBHOI
TIOPSIAOK SIBJISIIOTCS OMHMM U3 TVIaBHBIX YCIOBUI
ToAAep>kKaHMUsSI BBICOKOV 00€eBOI TOTOBHOCTU U
60ecriocooHocTM BC PO.

OpraHusaTopckas paboTa KOMaHAMpa Mo -
pasgeneHus 1Mo MOoAAeP>KaHUI0 BOMHCKONM JIVC-
IUIIMHBI [TaHpOBaHNe PaboThbI

2. HemocpencrBenHas paboTa ¢ JIMUHBIM CO-
CTAaBOM ITO MOIIEPXKAHNIO TVCIIVTUIVHBI

3. YueT mpecTyIJIeHUl, IPUILIeCTBUIA U OMC-
UUIUIMHAPHBIX IIPOCTYITKOB

4. AHanu3 COCTOSIHMSI BOMHCKOI OMUCIIM-
IUVIMHBI B ToapasaeneHMnOlleHKa COCTOSIHUSI BO-
MHCKOW OUCIUIUIMHBI B TTogpasnenenunllonsene-
HJEe UTOTOB COCTOSIHMS IUCIUIUIMHBI 1 BbIpaOOTKa
Mep TI0 ee YKpeIIeHUI0. 3a OTIMYHOe HeceHMe BO-
MHCKOI CITYK6bI, BOEHHOCTYKAIIMI MOXET 6bITh
MOOIIpeH KOMaHI0BaHMEM.

Kak y>ke ToBOpMJIOCH BbIIIIE, COOTIOIEHME BOVH-
CKOJi IUCHUTUIMHBI SIBJISIETCSI OCHOBOJ 3P deKTUB-
Ho¥t apmun. OHaKO ITIOCTPOEHME CTOJIb Cepbe3HOI
CUCTEeMbl He MOKET ObITh OCHOBAHO MCKJIIOUM-
TeJIbHO Ha 0jre 1 06s13aHHOCTSIX. HecMoTps Ha TO,
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YTO MMATPUOTU3M U TPaKIAaHCKAsI CO3HATEIbHOCTh
SIBJITIOTCSI OCHOBHBIMM CTMMYJIaMM [IJISI COJIJIAT,
yCcTaB IIpeaIiojaraeT OIMNpPeNeIeHHYI0 MOOUPU-
TeJbHYIO cucTeMy. ITomo6GHOe YKperieHue BOMH-
CKOJi OUCIUIUIMHBI B TIOAPA3AeIeHUN Tpearnosia-
raeT Caeaylole BUAbI ITOOU[PEHMNS:

e  3aUIyTM CONJaTa 3aUMTBHIBAIOTCSI IIepeq
BCEM JIMYHBIM COCTaBOM, ITOCJ/IE YETO TTPOBOAMTCS
€ro NyoIMYHoe MOOIIpeHNe;

e  TIpU 3HAUMTETbHBIX MOCTVKEHUSX ITy6-
JIMYHAsT 6J1arOJapHOCTb COIIATY MOXKET OBITh BbI-
paxkeHa rocpegcrsom CMU;

e OCYHIIECTBJISIETCS] BbIJAya JEHEXHOI Ipe-
MUM;

e  JejaloTcs MaMsTHbIe doTorpacdumn;

e 00 0COGBIX 3aCyiyrax BOEHHOTO COO0OIIa-
eTCsl Ha MeCTO eT0 00YUYeHMS MU PabOThI.

OTBETCTBEHHOCTH 32 HapylIeHue BOVH-
CKOWV JUCIIUILIVIHBI

CyIHOCTh BOMHCKOV AUCIUIIIMHBI 3aK/I0ua-
eTCs B TOM, UTO CIyXKaliuii 06s3aH HEYKOCHU-
TeJIbHO MCIIOIHATH CBOM 06S3aHHOCTU. B JaHHOM
cJTyyae ONpemeNeHHbBIM CTUMYJIOM K YeCTHOMY
HECEeHMIO CITYKObI SIBJISIETCS HE TOJIBKO CUCTeMa
MTOOIIPEHMIT, HO ¥ BO3MOKHbIE HaKa3aHUs 3a I'Py-
Oble HapylleHus ycTaBa. Yalle BCcero peub UAET O
CTeYIOMMX MTPadHBIX CAHKIMIX:

e  BbIHECEHME BbITOBOPA B YCTHOI MJIU MUCh-
MeHHOI1 popme;

e  COJAAT OTIIPAB/ISAETCS B Hapsg BHE oue-
penu;

e  JIMIIeHMe IpaBa Ha yBOJIbHEeHMeE B TOPO[;

e  TIOMellleHMe Ha raynTBaxTy. B 3aBucumo-
CTM OT CTeleHU HapylIeHUs BOWHCKOW OUCLIU-
TJIMHBI, TAKOE HaKa3aHMe MOXeT AeliCTBOBAaTh A0
10 cyTOK;

e apect. Jdro Haubonee cepbe3Hasi Mepa
HaKa3aHMs, KOTOpasi MIpUMeHSeTCSI B TOM CIyvae,
eciM peub UAET He TOJbKO O HapyllleHUM yCTaBa,
HO ¥ O COBEpPIIEHUM TPECTYIIEHNS.
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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.
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BPIOTOB CBeTociiaB AjleKCAaHIPOBUY
KypcaHT, HoBocOMpCcKuit BOEHHBI MHCTUTYT opaeHa YKykoBa MMeHM reHepaia apMun
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OCHOBBI BOEHHO¥ CJIY>XKBbI U OBOPOHBI TOCYIAPCTBA [IJI
BOEHHOCJTY KAIIIMX ITOJIPA3IEEHUN CIIETIUAJIBHOTO HASHAUEHUSA

AnHomauus. Cmamss NocesueHa 80NPocam 80eHHOL Ciy#0bl U 000pOHbI 20cydapcmed, 0CHO8AM 00pbObl C
meppopusmom. B cmamee paccmampusaromes yeau 80eHHOU opeanusayuu zocydapcmea, 0oKyMeHmMsl cmpame-
2U4eCcK020 NIAHUPOBAHLSL, BOUHCKUE 00SI3AHHOCINU 2paXcOaH U 0essmeibHOCHb 80LICK 8 YCI08UIX MeXOYHAPOOHO020

meppopusma.

Knrouessle cnoea: soeHnas 0okmpuHa, meppopusm, npomugodeticmaue, 060poHa, 20cydapcmeo, KOHMpoJiv,

6oesuxu, npobnema, 2ubpudHas 8otina.

60poHa rocygapcTBa — CUCTeMa Mep IO 3a-

L[ATE ero LeJOCTHOCTU ¥ HEMPUKOCHOBEHHO-
ct. OCHOBHOI (DYHKIIMEN BOOPY>)KeHHBIX CUJT BCe-
roa SIBJsUIach OOOpPOHA CTpPaHbl OT HaMaJeHUs
M3BHe. BoeHHas1 JOKTpMHA MpeACTaBIsSIeT COOOIi
COBOKYITHOCTb OMUIMATbHBIX B3MISAOB (YCTAaHO-
BOK), OTIIpeAesolX BOEHHO-TIOJIUTUYeCcKue, BO-
€HHO-CTpaTermyeckme ¥ BOEHHO-IKOHOMUYECKHe
OCHOBBI 0OecTieueHms1 BOeHHO 6e3omacHoCcTy PO.

BoeHHas opraHusaiusi rocygapcrsa BKIOYAET
B cebst Boopy>kenHbie Cuibl PO, npyrue Boiicka,
BOMHCKME (POpMIUPOBAHMS U OpraHbl, IpeaHa3Ha-
YyeHHbIE JISI BBITIOJIHEHMSI 3a/la4 BOEHHON 6e3-
OITaCHOCTM BOEHHBIMU METOHAMM, a TAKXKe OpraHbl
yIIpaBIe€HUS] UMY, YaCTh IPOMBIIIVIEHHOTO U Hay4-
HOT'O KOMIIJIEKCOB CTPaHBbI.

I'nasHotl yenvio BOEHHOI OpraHmM3aluu rocy-
JlapcTBa ABJsIeTCs obecrieueHne 3aluThl HAO-
HaJbHbIX MHTEPECOB ¥ BOEHHOJ 6e30macHOCTH
CTPaHbI U ee COI03HUKOB.

PykoBO[CTBO BOEHHOV OpraHmu3anuy rocygap-
CTBa, obecreyeHre BOEHHO! 6€30IMacHOCTU OCY-
mectBiaseT IIpesumeHT P®, KOTOpbIA SIBISIETCS
BepxoBHbiM [7MaBHOKOMaHAywIIMM BoopyskeH-
HbiMU Cuitamu PO.

JIOKyMEHT CTpaTermuyeckoro IIaHUPOBAHUST —
BoenHas noxtpuHa P®, yTBepxkaeHHas YKa3zom
[TpesugenTa ot 05.02.2010 N2 146. 3To cucrema
obMUMATBHO MMPUHSTHIX B TOCYIAPCTBE B3IVISIIOB
Ha MOJATOTOBKY K BOOPY>KEHHOJ 3aliuTe U BOOPY-
SKeHHYI0 3a1IuTy PO, a Takke oIpenensoiyx Bo-
€HHO-TIONIUTUYEeCKMe, BOEHHO-CTpaTernyeckme u
BOEHHO-9KOHOMUYECKME OCHOBBI ObecredyeHus
BOEHHOJ 6e30macHocTy PD. OHa yYnThIBAET I10JIO-
>keHns1 KoHUenuuu AOATOCPOYHOr0 COLMAIbHO-
9KOHOMMUeckoro passutusi P®, Crpaterun

HallMOHA/IbHOJ 6e3onacHocT P®, KoHuemiumu
BHellHel monuTtuku PO 1 Mopckoii foKTpuHbI PO.
OTU JOKYMEHTbl PeKOMeHJIyeM IIOCMOTpPeTb (B
CeTu), TeM, KTO XOYeT JIy4llle IIOHATb IMONUTUKY
Halllei CTpaHbl.

BouHcKkast 00s3aHHOCTB TpaxkgaH Poccuit-
ckoyi Penepanyy penycMaTpyuBaeT:

—  BOWHCKUII YYET;

—  00s3aTenbHYI0 TOATOTOBKY K BOEHHON
CITy3KOe;

—  TIpU3BIB HA BOEHHYIO CITYKOY;

—  TMPOXOXIEeHMe BOEHHON CITYKOBI MO Mpu-

—  mpeObIBaHMe B 3ariace;

—  MpuU3bIB HA BOEHHbIe COOPBI U MIPOXOKIE-
HJe BOEHHBIX COOPOB B MEPUOJ, TPeObIBAHMS B 3a-
nace.

B y1oBUsSX MeXIyHapOogHOTO Teppopu3Ma ak-
TyaJbHBIM CTajJ BOMPOC O MpUBIeueHUM Boopy-
>KeHHbIX Cui PO K yyacTuio B IIPOTUBOLENCTBUN
Teppopu3My, U B MEPBYI0 ouepelb, K yU4acTUIO B
6opbbe ¢ TeppopusMoM. B cooTBeTcTBUM ¢ Dene-
panbHbIM 3aKOHOM OT 06.03.2006 «O mipoTtuBogei-
CTBUU Teppopusmy» BoopykeHHble cuiibl PO Mo-
TYT IPUMEHSIThCS :

e 715 TIpecevyeHMsI MONeTOB BO3AYIIHbBIX CY-
OB, WCIIOJNIb3yeMbIX IJiSI COBEPIIEHUSI TepakTa
MO0 3aXBaUYE€HHBIX TEPPOPUCTAMMU;

e  TIpecevyeHUs TEPPOPUCTUYECKUX aKTOB BO
BHYTPEHHUX BOJlaX U B TEPPUTOPUATBHOM MOpe
P®, Ha 06beKTaxX MOPCKOI IMPOU3BOACTBEHHO Te-
SITEJIBHOCTU, PACIIONIOKEHHBIX HA KOHTMHEHTAJb-
HOM Ienbde PD, a Takke Ay obecrieueHus 6es-
ONaCHOCTM HALMOHAJBbHOIO MOPCKOTO CYLOXOZ-
CTBa;
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e  y4acTus B NPOBeJEeHUM KOHTPTEPPOPU-
CTUYECKOJi oIepanyy B IIOPsIKe, IIPefyCMOTPeH-
HOM HacroguM deepasbHbIM 3aKOHOM;

e  IIpecevyeHMs] MEXIYHAPOLHOM Teppopu-
CTUYECKOi AesTeIbHOCTY 3a IIpeJleJlaMy TEPPUTO-
puu PO.

Kaxkmoe rocygapcTBO MMeeT CBOM MHTEDPECHI,
KOTOpbIe SIBJIIOTCS TJIABHBIMU JIJISI BCEro 0OIIe-
CTBa, €r0 COLMAJIbHBIX CJIOEB, /IS BCEX JIIOJ e, Ka-
KOJi 6bI HALIMOHAIBHOCTY OHY He ObLIN, KAKOTO ObI
BEPOUCIIOBENaHMS He TIpuiepkmBanucb. Takue
MHTEepechl Ha3bIBAIOTCS HallMOHaIbHBIMMU. Haiyo-
Ha/lbHbIe MHTepeckl Poccuiickoit @enepanym — 3TO
JIOCTOSTHME ¥ IIeHHOCTM Haimrero ob6mectBa. OHM
3aTparMBalT IOIUTUYECKMEe, SKOHOMUYECKMUE,
TeppUTOPUATbHBIE, SKOIOTUYeCKIe U MHbIe chepbl
KM3HeOesITeIbHOCTHU JII0fel, Bcero rocymapcrsa. C
BOEHHO-TIOIUTUYECKOV TOUKY 3pEHMUS CleAyolee
JecsaTuiieTye crTaHeT s mupa u Poccum nepumo-
JIIOM 3aBepIIeHMs CTPAaTern4yeckoyi naysbl, KOTO-
pasi mocjieoBaaa 3a OKOHYaHMEM STTOXY OUTIOJISP-
HOlt KoHbpoHTaluu. [locTereHHOe HapacTaHMe
MacmTaboB yrpo3, BOSHMKIIMX HA HalIMX IVIa3ax
3a TIocJIefHee IeCsTUIeTe, MOXeT IIPUuo6pecTy B
CJIeqyIoIlye rofbl HOBOE Ka4eCTBO, 3aCTaBUB BeLy-
IIKe AepkaBbl CAENATh CTPATETMYECKUT BBIOOD 10
BOIIPOCY O pOJAM CWIOBOTO ¢hakTopa B CBOeif

BHEIIIHE! MOJMUTUKE U B MEKIYHAPOOHBIX OTHO-
IIEHUSIX B 11eJIOM. B IToc/ieHme ToIbl BO3POC/IO KO-
JIMYECTBO TaKuX 6eCUeIOBEUHBIX U KECTOKUX IIpe-
CTYIUIEHU}, KaK B3pbIBBI B MeCTaX MAacCCOBOTO
CKOTUIEHUS JIIofel, HampuMep, B KMHOTeaTpax,
BOK3aj1aX, aspoIiopTaxX, B OOIIEeCTBEHHOM TpaHC-
mopre. [MTaBHOE, YTO JIEKUT B OCHOBE TEPPOPUCTH-
YeCKMX aKIuii U, IIPeKIe BCEro, MOIUTUYECKOTO (1
rOCYIapCTBEHHOTO) TeppPOpMU3Ma, 3TO MJIeONOTHS.
JKecroxkasi, KpoBaBasi 60pb0a 3a IJITaBEHCTBO yOek-
OeHul, uaeanoB.
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WEB3: BOGHUKAIOIIME TEHAEHIINNM 1 BO3MOX>XHOCTU
B MHTEPHET-TEXHOJIOTSIX

AHHOmMauus. /lanHas HayuHas cmames ucciedyem akmyanstyro memy Web3 — cnedyrouiezo nokonenus HH-
mepHema, 0CHOBAHH020 HA 60OKuUeliHe U deyeHMPanu308aHHbIX MEXHON02USIX. ABMOpPbL cmpeMsmcs onpedenums
OCHOBHble NPUHYUNDBL U (PYHKYUOHATBHOCMb IMUX MEXHONI02Ull, 4 MaKie ux npeumywecmsa u ozpaHuveHusl. B
uccnedo8aHuu UCnoib308alucs Memodsl Meopemuiecko20 aHalu3d, aHalu3a 0aHHsLX, Kelic-uccnedo8aHus u am-
nupuueckozo ucciedosarus. Pesynvmamol uccnedosanus nokassieaiom, umo Web3 npedcmasnsem co6oti Hogoe
nokosnerue HnmepHem-mexHoJi02utl, Komopoe cmpemumcsi co30ame 0eyeHMpalu308aHHy0 U OMKpslmy cpedy
07151 nonw3osameieti. OCHO8HbIE MEHOEHYUU U 803MOMCHOCMU 8 pamKax Web3 exouaiom O6J10KUeliH U CMApm-KOH-
mpakmel, 0eyeHmpanu3oeaHHsle npunoxceHus (dApps), uHmeponepabenbHocmo, deyeHMpaiu308aHHble PUHAHCH
(DeFi), camosbipaxceHue u KoHmpob 0aHHblx, 8radeHue Yyudposvimu akmusamu, pacnpedejieHHoe xpaHeHue JaH-
Hblx, paspewieHue hpobaemol udeHmupurkayuu, MUKpOnIamexcu U 603HazpaicoeHus.

Kntoueawie cnoea: Web3, mexHonozuu, memasceneHHas, 0JI0KueliH, cMapm-KoHmMpaxkmel, cems MHmepHem.

AKTyaJIbHOCTB VUCC/I€SOBaAHUS

[MpencraBiieHHass TemMa WUCC/IeAOBaHUST SIBJISI-
eTCsl BeCbMa aKTya/IbHOM U BbI3bIBA€T 3HAUUTEIIb-
HbII1 MHTepec B VIHTepHEeT-TeXHOJIOTUUECKOM CO-
obmecte. Web3 mpencrasisier co60ii KOHLIEI-
LIMIO CJIeAyIolero MmokojieHuss UHTepHeTa, OCHO-
BAaHHOI'O Ha OJIOKYElHe U MelleHTPaanM30BaHHbIX
TexHOJOTUsIX. Web3 cTpeMMUTCSI YyCTPaHUTh 1eH-
TpaM30BaHHbIE MOJE/N, TAe yIIpaBIeHe U KOH-
TPOJIb JIeXXAaT B PyKaX HECKOJIbKUX KPYITHBIX KOM-
nmanuii. Bmecro satoro, Web3 nponaraugupyer ge-
LIeHTPaJM30BaHHbIe TIPOTOKOJIbI U CETHU, Tlie KaxK-
IIbIl yIaCTHUK MMeeT paBHbIe MpaBa ¥ BO3MOKHO-
ctii. Web3 mo3BosisieT co3aBaTh AElleHTPaIn30-
BaHHbIe IIPUJIOKEHMSI, KOTOPbIe paboTaloT Ha 6ase
6JI0KUeitHa. DTY TIPUJIOKEHUS He 3aBUCST OT IIeH-
TPaJIM30BAaHHOTO CepBepa U MMEIOT Ipeumylie-
CcTBa B 06yacTy 6e30MacHOCTM, IMPO3PAYHOCTUA U
yIIpaBIe€HUS JAHHBIMU.

IIenp ucciaegoBaHUs

Llenbio uccienoBaHMS SIBJISIETCSI U3yUeHMe pas3-
JIMYHBIX acrekToB Web3, Takux Kak OJI0K4YeliH,
CMapT-KOHTPAKTHI, JelleHTPAIM30BaHHbIe CeTU U
MPOTOKOJbI, B LEISIX OIpenerneHuss OCHOBHBIX

MIPUHINUIIOB ¥ QYHKIIMOHAIBHOCTU STUX TEXHOJIO-
TUii, UX TIPEUMYIIECTB U OTPaHUYEHUIA.

Marepuana M MeTOAbI UCCIIeTOBaHUS

N3yuyeHMeM BOMPOCOB, MOCBSIEHHBIX aHATN3Y
TeHAeHIMiI pa3BuTuss Web3, 3aHMMAaIuCh Takue
yuenbie Kak A.P. Aunapees, [.I0. A3sumosga,
M.M. KomapoB, A.IO. TecrtoBa, B.A. IllaukoBa,
H.A. [Ty6oBcKast u 1ip.

MeTogmamu MccCaeqOBaHUS SIBJSIIOTCS: MeTO[
TeopeTUYeCcKoro aHaaM3a, MeTOJ aHaau3a JaH-
HbIX, METOJ Kelic-MccieaoBaHNsI, METOI, SMIIUPU-
YeCKOT0 UCCIeOBaHMSI.

PesynbTaTsl ucciesoBaHUA

Web3 — 3T0 TepMIH, KOTOPBI OTHOCUTCSI K HO-
BOMY IIOKOJIeHUI0 VIHTepHeT-TeXHOJIOI'M, OCHO-
BaHHBIX Ha 6jI0KUeiiHe U JelieHTpanusaiuuu. B To
BpeMs Kak Web 1.0 6bIT CTaTUUECKUM U OPUEHTH -
pOBaHHBIM Ha uTeHMe, a Web 2.0 cran guHammye-
CKMM U OPMEHTMPOBAHHBIM Ha B3aMMOJeiiCTBUE,
Web3 cTpeMuTCS CO3IaTh AELIEHTPATM30BAHHYIO
U OTKPBITYIO Cpeny ISl MOJb30BaTeNel, rae OHU
KOHTPOJUPYIOT CBOM JaHHbBIE U YYaCTBYIOT B IIPU-
HATUU pelLlIeHUI.
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MOKHO BBIIEUTh CAeAyIole TeHIEHLIUU U
BO3MOXXHOCTHU B Web3:

1. bBnokueiiH M cmapT-KOHTpakTbl. OCHOB-
HoJt anemeHT Web3 — 3To 6/0KYeiiH, pacIipene-
JieHHas 6a3a JaHHBIX, KOTOpas 3aMyChIBAeT TPaH-
3aKUUM U XPAHUT KOHTPaKTbl. CMapT-KOHTPAKThI
MO3BOJISIIOT aBTOMAaTU3UPOBATb M KOHTPOJMUPO-
BaTb BBIMIOJIHEHME CIIEJIOK M COIVIallleHuii 6e3 1o-
CpeHUKOB.

2. [eleHTpa/M30BaHHbIE TIPWIOKEHUS
(dApps). dApps paboTalT Ha OCHOBE OJIOKYEliHA U
CMapT-KOHTPAKTOB. OHM OTKPBITHI, IPO3PAYHbI U
KOHTPOJIUPYIOTCSI COOOIIECTBOM, a He I[eHTpam-
30BaHHOJ OpraHm3aiiueii. TO OTKpbIBaeT HOBbIE
BO3MOXXHOCTH JJIsI pa3pabOTUMKOB U MOJIb30BaTe-
Jielt, MO3BOJISISI UM YyYacTBOBATh B YIIPaBJIeHUU U
KOHTpOJIe TIPUT0KEeHUIA.

3. HurepomepabenbHocTb. Web3 cTpeMuTcs
K CO3[TaHMIO TTIPOTOKOJIOB U CTAHAAPTOB, KOTOPbIE
obecIieunBalOT COBMECTMMOCTh M B3auMMOZE¥i-
CTBUE Pa3INYHbIX OJIOKYEMHOB U dAppS. ITO 1M03-
BOJIIET TI0JIb30BaTeNSIM IepeABUTATbCST MeXAY
pasHbIMM IIATGOPMaMM U UCIIOIb30BaTh Pa3/INy-
Hble CepBUCHI 6€3 OrpaHNUYEeHMIA.

4. [eueHTpanu3oBaHHble (uHaHCh (DeFi).
DeFi — 9To cucTeMbl U CepBUCHI, KOTOPbIE MTO3BO-
JISTIOT TT0JIb30BaTEISIM YUaCTBOBATh B (DMHAHCOBBIX
omepanusax 6e3 HeoOXOOMMOCTHM O00pallaThCs K
TPaOVLMOHHBIM  (PMHAHCOBBIM  ITOCPEIHMKAM.
DeFi mpepjiaraeT BO3MOKHOCTU [JIs1 KpeJAUTOBa-
HMSI, 0OOMeHa aKTMBaMM, CTEMKMHTA, (MHAHCOBBIX
MHCTPYMEHTOB ¥ MHOTOE JIpyToe.

5. CaMOBbIpa)keHM€e U KOHTPOJIb JaHHbIX. B
Web3 monb30BaTeny UMeT GOJbIINA KOHTPOIb
HaJl CBOMMM JAHHBIMM U JTUUHOM MHOOpMalmeii.
OHM MOTYT BBIOMpPATh, KOMY MPEIOCTaB/ISATh I0-
CTYT K CBOMM JAHHBIM U Kakue TaHHbIe OHU XOTST
PacKpbITh.

6. Bnamenue umdppoBbiMu akTMBaMu. Web3
M03BOJISIET TI0JIb30BATEJISIM B/IaeTh HM(PPOBBIMU
akTMBaMM, TAKMMU KaK KPUIITOBAIIOTHI, Helepe-
nmaBaemble TokeHbI (NFT) u npyrue nyudpoBblie pe-
cypcol. Ilonmp3oBaTenu MOTYT KOHTPOJMPOBATD
CBOM aKTMBBI, IlepefaBaTb UX APYTUM JIIOOSM,
y4acTBOBaTb B UX TOPTOBJ€ U MUCIIOJIb30BaHUM B
Pa3IMYHbBIX IPUIOKEHUSIX.

7. PacrnipeneneHHOe XpaHeHMe TaHHbIX. Bme-
CTO IIEHTPAIM30BAHHBIX cepBepoB, Web3 ucIo/b-
3yeT AeleHTpaJn30BaHHble XPaHWINIIA TaHHBIX,
takue kak IPFS (InterPlanetary File System). 3To
MMo3BOJIsIeT 6ojiee HAOEXXHO XPaHUTb [TaHHbIE,
obecrieuMBaeT OOCTYITHOCTb M CHIKAET PUCKA
LIeHTPaJIM30BaHHOM TOUKM OTKa3a.

8. Paspemenue mpo6aeMbl AEHTUDUKAIIAN.
Web3 mpenjiaraet HOBbIe MOAXOAbI K IM(POBOIL
uaeHTUGMKALMN, KOTOPbIe TTO3BOJISIOT M0JIb30Ba-
TeJISIM KOHTPOJMPOBAaThb CBOU JIMUHbIE JaHHbIe U
MOATBEPXKIATH CBOIO IMUYHOCTb 6€3 HEOOXOIMMO-
CTY TIOJIaraThCs Ha IEHTPATM30BAHHBIE CITYKOBI
UaeHTUGMKaIun.

9. MukporiaTexxu ¥  BO3HarpaxieHus.
Web3 BKriIIO4aeT BO3MOXKHOCTM JJISI MUKPOILIaTe-
Keii M BO3HarpaskAeHuii B LMOPOBBIX aKTUBAX.
ITonb3oBaTe M MOTYT MOJy4aTh He3HAUUTETbHbIE
CYMMBI 3@ CBOIO aKTMBHOCTH B CETU, KOHTPUOYTH-
poBaHMe K COO0IIecTBaM UM MOoTpebaeHne KOH-
TeHTa, YTO MOKeT CTUMYJMPOBaTh pa3sBUTUE HO-
BbIX Mojiesieit 6u3Heca [1, c. 15].

10. T'nmobGanpHbIii mocTyn U ydactue. Web3
CTPEMUTCS TIPEAOCTaBUTDb TI00ATBHBIN JOCTYI K
VHTepHeT-TexXHOJOTUSIM U yUacTue B HUX He3aBU-
CUMO OT MeCTOIIOIOKeHMS MY (MHAHCOBOTO T10-
noxeHus. [lelleHTpanu3alusi U OTKPBITOCTh
cpegbl Web3 mo3BOISIIOT y4acTBOBATb M BHOCUTD
CBOJ BKJIaZ, KaskA,0MY JKeJlalolieMy.

ITo Mepe pasBUTHUS TEXHOJIOTMII BIOKUEIHA U
IeleHTpanusalmu, MOXKHO OXMUAATH ellle 00jb-
IIero pasHooOpasyus M MHHOBALMiI B 3TOI 006/a-
CTU.

B 2007 ropy [IOskeiicoH KamakaHuc, pyKOBOOM-
Tesqb Netscape.com, BrepBbie chHOPMYIUPOBAT
TepmuH «Web 3.0». OH mipeacTaBuI Gymylnee MH-
TepHeTa Kak Cpeny, IAe KaueCTBEHHBII KOHTEHT
UrpaeT BaXKHYIO pOJib. BMeCcTO O0gHOOOpPa3HbIX U
6ecIio/Ie3HbIX OHJIAMH-PeCypCoB, MPOodeCcCOHAbI
CTaHyT CO3/laBaTh KOHTEHT C IIOMOIIbIO CIIelab-
HOJI r1aTGOpPMBI.

Xotsa KamakaHuUC He MpemocTaBui AeTajnei o
camoit matdopme, cerogHs oueBuaHO, uTo Web
3.0 — 9TO He MPOCTO OHA CUCTEMA, & KOMIIJIEKCHOE
MOHSITHE, OXBAThIBalOIlee MHOXECTBO CETMEHTOB.

Web 3.0 - 3TO C/iemylonuit aTam B pasBUTUMN
MHTepHeTa, KOTophIit cienyet 3a Web 1.0 u Web
2.0. Web 1.0 mosiBuiics B 90-x roziax u mpemocTa-
BWI BO3MOKHOCTb CTaTHMUYECKOTO OTOOpPasKEeHMSI
KOHTeHTa Ha BeO-caliTax. Biagenblipl CaiiTOB
ObUTM CO3HATeIsIMYM KOHTEHTA, a IT0JIb30BaTeNn
MOTJ/IM TOJbKO MCKaTb U IOTPeONSTh MHGOpMa-
uuio. Web 2.0, Ha JaHHBII MOMEHT aKTyaJIbHbIiA
3Tam, CoCpeloTOYeH Ha IT0/Ib30BaTeNsIX U pOCTe
uHOOPMAaIMOHHBIX 06beMOB. [Tob30BaTeN yKe
MOTYT CaMOCTOSITeJIbHO CO3[aBaTh KOHTEHT,
VIIPaBAATh UM U B3aUMMOJEICTBOBATh C APYTUMMU
M0Jib30BaTeAsIMU. B 3TO BpeMs akKTMBHO pa3BUBa-
I0TCST 6JIOTM, COIMA/IbHBIE CETM M ApPyrMe IUIaT-
dbopMbl, IpegocTaBisioNe GOIbIIe BO3MOKHO-
CTeit s Bu3yaamuszanum KOHTeHTa. OpHakKo,



AKTYyaJbHbIe UCCIeJOBAHUS ¢ 2023. N223 (153)

WHGOPMalMOHHbIe TEXHOJIOTHH | 58

CEroJiHsl BCe yallle CTAaHOBUTCS SIBHBIM IJIaBHbIA
HemoctaTok Web 2.0 — M3IMIIHSS IeHTpaaIu3a-
uyst. HecMoTpst Ha GBICTPBIN POCT MOJIb30BATENb-
CKOTO KOHTEHTA, Ha CAaMOM JeJjie ero BjaieabliaMu
SIBJITIOTCST KOMIIaHWUU, Takue Kak Facebook, Google
U Opyrue Kopriopaiiuu. B pesynbTaTe moib30Ba-
TeJIM CTATKUBAKOTCS C Mpo6GaeMaMu LIeH3YphI, ITe-
penauy nmepCcoHaJbHbIX OJAHHBIX TPETbUM JIMIIAM,
HaBSI3UMBBIM TapreTMHrOM, yTeukamu uHdopma-
MY U AyOaMpOBaHMEM KOHTEHTa [2, c. 48].

B cBsI3M ¢ 3TMM BO3HMKAaeT HEOOXOIMMOCTDb B
JelleHTPaJIM30BaHHOM CUCTeMe, KOTopasi pelnuT
3TU 1Ipobsiemsl, TO ecTb B Web 3.0. Ha aToii ctagun
MOIb30BaTeNM [TO/DKHBI CTAaTh TOJHOMPABHBIMMU
BJIaJle/IbIIaMM CBOEro KOHTEHTa, MMeTb BO3MOXK-
HOCTb €r0 MOHETU3UPOBATb M OOMEHMUBATHCS UH-
dbopmanmeit uyepes IeleHTpPaJIM30BaHHbIE cCep-
Buchl. Hanbosee npoctast popmyna Web 3.0 BbI-
TJIIOUT Kak read + write + own (unuTaii, cosgasaii,

Biazgei).
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Vitluen

MerTaBce/leHHbIE TPeICTaB/ISIIOT co60it Habop
B3aMMOCBSI3aHHBIX KCIIepUMEHTaIbHbIX 3D BUp-
TyaJIbHBIX MMPOB, B KOTOPBIX JIIOAM M3 PasHbIX
MeCT MOTYT OOIIaThCs B peajbHOM BpeEMEHH,
chOpMUPOBAB TOCTOSTHHYIO VIHTepHET-3KOHO-
MUKY, TIpUMHA/JIeXallylo Moab30BaTe/NsIM U 0XBa-
THIBAIOIIYIO 1M GbPOBOI U HGU3MUECKIUIT MUPBI.

MeTaBcesieHHble MOXHO paccMaTpuBaTh Kak
CeyIOMMIA 3Tall, KOTOPbIN TMOBBIIIAET CTENEeHb
MMMEPCUBHOCTY M MHTErpauuyu akTOPOB ITOCIIe
CO3[aHusa U pa3BUTUSI IKocucTembl. Vcciegosa-
HMSI TTIOKa3bIBAIOT, UTO MeTaBCe/JIeHHbIe SIBJISIIOTCS
YacThi0 KMOEpHETUYECKO! MOIAIbHOCTU TUIIEp-
MIPOCTPAHCTBA WMHTEJIEKTYAIbHON KUOepCoIm-
QJIbHOM 3KOCHCTEMbI, M3BECTHON TakKkKe KaK «Me-
Ta’KOCUCTeMa», KOTOpas SIBJSIETCS OCHOBHBIM
o6bekToM MHaycTpun 5.0.

KoHuenTtyanbHbiii (QpeiiMBOPK MeTaBCeJIeH-
HbIX Web 3.0 B cTpaTernueckoM yrpaBiieHUM 1ud-
POBBIM MMOTEHLIMAIOM ITpeiCTaBIeH Ha PUCYHKe.
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BmecTo TOro UTO6BI IOJIAaraThCst Ha IEHTPAIN-
30BaHHbIE CepBepPhI U MocpeagHuKoB, Web3 crpe-
MUTCSI CO30AaTh CETU U IIPUJIOKEeHMSI, OCHOBaHHbIE
Ha OJIOKUeliHe, CMapT-KOHTPAaKTaxX M KPUIITOTpa-
dbun. Bo3HuKawIye TeHIeHIUN M BO3MOKHOCTHU
B paMKax Web3 BKJTIOUAIOT CJIEAYIONIVE TTPO6/IE MBI
Y IIYTU UX pellIeHys:

1. UeHTpammu3aumus OaHHBIX M KOHTPOJb.
Be6-mtaTdopMbl, Takue Kak COLMaTbHbIE CETU U
MHTEePHEeT-MarasuHbl, OOBIYHO KOHTPOJUPYIOT
IaHHbIe 10/Ib30BaTe/Iel 1 MIPUHUMAIOT pelieHNs 0
IOCTYyIle K HUM. BJIOKYeH-TEeXHOJIOTUM U JelleH-
TpaJiM30BaHHbIe XpaHUIUILA AAHHBIX MTO3BOJISIOT
MTOJIb30BATENISIM MMETh OOJIbIINI KOHTPOJIb Hap
CBOMMM [aHHBIMM, & CMapT-KOHTPaKThI MOTYT
obecreunTh aBTOMATUUECKYIO M TIPO3PAYHYI0 006-
paboTKy JaHHBIX.

2. IIpo6bnembl 6e30MacHOCTM U IOBEpHUS.
LlenTpann3oBaHHble TIATOOPMBI IOABEPSKEHbI
PUCKY XaKepCKMX aTakK M HelmpaBOMEPHOIo MUC-
MOJIb30BaHMS NAaHHBIX. BJIOKYeliH U KpuUmTorpa-
(bus obecrieunBalOT MOBBILIEHHYIO 6€30TACHOCTh
M HaieXXHOCTh AAHHBIX, & CMapT-KOHTPAKThI MO-
TyT TapaHTUPOBATh BBITTOJIHEHME 3aJIaHHbBIX Mpa-
BWJI U YCIOBUIA [3, c. 94].

3. OrcyTcTBMe TPO3PAYHOCTU U IIpOBepsie-
MOCTHU. B 1leHTpaniM30BaHHOI MOZeNN MOIb30Ba-
TeaM OOBIYHO He MMEIOT ITOJTHOTO MpeICTaBaAeHMSs
0 TOM, KakK 06pabaThIBAIOTCSI M UCIIOIb3YIOTCS UX
IaHHble. YUUTHIBASI MU3JI0KEHHOE, 6JIOKUeiTH-Tex-
HOJIOTMS TI03BOJISIET CO3[aBaTh NIpO3pavHble U He-
nojaebHble TPAaH3aKIUU U 3alIUCU, KOTOPbIE MO-
TyT OBITh ITPOBEPEHBI BCEMM YIACTHUKAMMU CETH.

4. OrpaHuMYeHHAasl JOCTYITHOCTb U KOHTPOJIb.
B HeKOTOpBIX perMoHax Mupa focTyr K UHTepHeTy
MOKeT ObITh OTpPaHMUEH, a ILEeHTPaJIM30BaHHbIE
maaTGOpMbl MMEIOT IpaBO OJOKMPOBATb WA
OTPaHNYMBATH KOHTEHT. BlIOKYeiTH-TeXHOIorus U
JlelleHTpanu30BaHHble CETU MOTYT MPeIOCTaBUTh
6osee MmMpPOKUit goctyn K VHTepHeTy U obecrie-
YUTb CBOGOIY BhIpakeHUs 6e3 1IeH3YPBhI.

5.  OKoHOMMYecKas HEPAaBEHCTBO ¥ LIeHTpa-
JIM3a1ys BeO-MIPWIOKEHN. B LieHTpan30BaHHO
MOJIeJI HEOOJIbIIIOEe KOAMUECTBO KPYITHBIX IIIAT-
($hopM KOHTPONTUPYIOT GOBIIYI0O YaCTh SKOHOMMU-
YyeCKO¥ aKTUBHOCTYU U JaHHbIX. DTO MOKEeT IIPUBO-
IUTh K HEPaBEHCTBY U OTrpaHMUEHUI0 KOHKYpeH-
UK. BIOKYelH M CMapT-KOHTPAKThl MO3BOJISIOT
C03aBaTh JeleHTpaM30BaHHbIe MPUIOXKEHUS U
3KOHOMMYECKME MOJIe/i, B KOTOPbIX M0JIb30Ba-
TeaM MMeIOT 6ojiee TPSIMOI TOCTYIT K IIEHHOCTH,
C03JaBaeMOil UMM U APYTUMMU YUaCTHUKAMMU CETH.

Web 3.0 obeliaeT co3aTh OH/IAH-OIIBIT, KOTO-
pbIit OymeT 60ee AeleHTPaTN30BaHHbIM U ITO3BO-
JIAT JIIOOSM B3STh KOHTPOJb Haj, CBOMMM [aH-
HbIMM ¥ MHbopManyeit. OHM CMOTYT MOHETU3U-
pOBaTh CBOJ COOCTBEHHBIN KOHTEHT U JIETKO (pop-
MMpPOBaTh COOOIECTBA C IPYTUMMU JIIOJbMU, Y KO-
TOPBIX ecTh O6IIe MHTepechl U 1eau. ITa HOBas
BepCHSI MHTEPHEeTa CTPOUTCSI Ha OTKPBITOI TEXHO-
JoTMM GJIOKYElH, TaKsKe M3BEeCTHOI KaK TeXHOJIO-
TUS paclipefie/ieHHbIX PeecTpoB. BiaokueitH — 310
IelleHTpalM30BaHHas O6IIeqoCTyIIHas 6a3a JaH-
HBIX, KOTOpas IO3BOJISIET HAaJeKHO 3aIllChIBaTh
MHGOPMAIIMIO B CETU KOMITbIOTEPOB, BMECTO TOTO
yTO6BI ITOJIAaraThCs Ha IeHTPaIM30BaHHbBIE Opra-
HMU3aLUU IS ee TIPOBEPKM U KOHTPoJs. [To cyTu,
OJIOKUe/iH mpeacTaBisieT coboii IUPPOBYIO CHU-
CTeMy yueTa, KoTopast (PUKCUPYeT «KTO BjIafeeT
yeM» U COXpaHsIeT BCce M3MEHEeHMSI COCTOSIHUS CO
BpeMeHeM. TOYHOCTb M I[€JIOCTHOCTh JAaHHBIX
MOAEPKMBAIOTCS C TTOMOIIBI0 KOHCEHCYCa WIN
corjacus MeXKAy BCeMM YYaCTHMKAMM CETU, UTO
MCKJIIOUAeT 3aBMCUMMOCTb OT I[€HTPaIM30BaHHbIX
CTPYKTYpP, TaKUX KaK GUPMbI UM OpraHMU3aIlUM,
IS 3aTIMCy MHGOPMAaLu 1 obecrieueHus ee Jieru-
TUMHOCTH [4, c. 158].

Web 3.0 orsinuaeTtcst or Web 2.0 Tem, 4TO I10JIb-
30BaTe/IM HEe TOJbKO CO3[al0T KOHTEHT, HO TaKXKe
OIIEHMBAIOT €ro, Bbife/sisa BHMMaHMe MaTepua-
JlaM, KOTOpbIe MHTEePeCHbI edHOMBIILIeHHUKAM,
IpyIIIaM ¥ COOOIIEeCTBAM, B KOTOPBIX OHM COCTOSIT.
JTa cucTeMa I03BOJISIET [e/aTh OLIEHKY aBTOMa-
TUYECKM, 0COOEHHO BayKHO 3TO /1T KOHTEHTA C KO-
POTKUM CPOKOM KI3HU. PEKOMEHIAIINY U OL[@eHKA
IpYIUX TOJb30BaTejieil MOMOraioT I10/Ib30BaTe-
JIIM 06paTUTh BHMMAaHME Ha BAKHYIO, HO OBICTPO
ycTapeBaroliyio MHPOpMaIIKIO Cpey Bce BO3pac-
TalIero o6bemMa KOHTEHTA.

«CeTeBble IIOPTPETHI» II0JIb30BATEJIC, KOTO-
pble CYIIECTBYIOT Ha PeKOMeHAATebHbIX CePBU-
cax, MOTYT CTaTh IIeHHbIMM 0a3aMM JAHHBIX JIS
pasIMUHBIX 00IeCTBEeHHbIX HayK. Takue pecypcsl
SIBJISTIOTCSI XPaHWINIIAMM OLIEHOK (PMIbMOB, KHUT,
MY3bIKM, KOTOpbIE GbLTM BBICTABIEHBI OTPOMHBIM
KOJIMUECTBOM IT10/Ib30BaTeIeii.

Xotrst Web 3.0 Bce ele HaXOAUTCS B 3a4aTOY-
HOM COCTOSIHMM, OH pa3BMBaeTCsl HAMHOTO 60Jiee
ObICTpbIMM TeMnamy, yuem Web 1.0 u Web 2.0.
KiioueBbie 0CO6EHHOCTYM TPeX 3TaIloB SBOJIOLUA
pasutust Web 1.0 — Web 2.0 - Web 3.0 npencTas-
JIeHbI B Tabu1Ie.
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Tabnuiia
KintoueBbie 0COGEHHOCTH TPeX 3TAroB 3Boaonuu passutus Web 1.0 - Web 2.0 - Web 3.0
dran Web 1.0 Web 2.0 Web 3.0
Unes BupTtyanbHble ceTu OHsaitH-co061IecTBa BupTyanbHble MUPBI CO-
06111ecTB
B3aumopeiicTBue UreHne YUrenne-IIncbmo Urenne-IIncbmo-Bnage-
HUe
sinpo CTaTuy4HbII TEKCT VHTepaKTUBHbII KOHTEHT | BupTyanbHas objgauHast
9KOHOMMUKA
Opranusauus Komnauumn [TnaTdhopMbl Cetu
UHdpacTpykTypa [MepcoHanbHbIE KOMITb- O61auHbIe ¥ MOOGUJTbHbIE brokyeiiH
I0TEPBI TEXHOJIOTUN
KoHTponb JeneHTpan30BaHHbIN LeHTpann30BaHHbIN JeneHTpan30BaHHbIN
MeTaBceneHHbIe OTCYyTCTBYIOT 3aKkpbITbIe KOPIIOPATUBHbBIE OTKpbITbIE KPUIITO

OcuHoBHas uaess Web 3.0 3akio4yaeTcs B TOM,
YTO II0JIb30BaTesb, KOTOPbBI/ paHee pa3Mellan
CBOJi KOHTEHT 110 CBOEMY YCMOTPEHMIO U Oeccu-
CTEMHO, Telepb MOXET TBOPUTh KOJUIEKTMBHO B
3TOJiT HOBOJT Be6-cpede. Ero mapTHepaMy B 3TOM
npoiiecce, TOMUMO APYTUMX PaBHOIPABHbBIX MOJIb-
30BarTesiei, SIBJISIOTCS SKCIIEPTHI B Pa3/IMUHBIX 06-
sgacTsax. Ilosb3oBaTenb MOXET TaKKe M3MEHUTh
CBOI1 CTAaTyC Ha 3KCHEPTHBIN U B3aMMOJIEiCTBO-
BaTh C M1aThOPMOIi MO-HOBOMY. DKCITePT NOJIKeH
BBICTYIIaTh B POJIM MojepaTopa [Ijs IyOJuKye-
moro KoHTeHTa. CorynacHo [Ikelicony Kanakanucy,
ryiaBHON upmeeir Web 3.0 saBjsieTcs mosiBjeHMe Ha
caiitax dopMaTa «KOJUIEKTMBHOTO pasyma» BMe-
CTO CETrOHSIIHET0 «TPYIIOBOT0 CyMAacIlleCTBUSI».

ITpu cpaBHeHUH CyIIeCTBYIOIIel cucTembl Web
2.0 u xouueniuyu Web 3.0, rJ1aBHBIM OTAMYMEM
HOBOTO YPOBHSI CTAHOBUTCSI YCTAaHOBJIEHME HOBBIX
CBsI3ei MeXXny MHGOPMAIMOHHBIMM 3JIeMEeHTaMM
B CeTU. DTU CBSI3M MOTYT GbITh YCTAHOBJIEHBI B pas-
JIMYHBbIX BApMaAHTaX:

1. B pamkax xoHuenuuyu CeMaHTUUYECKOTO
Beba: yCTaHOBJIEHME JIOTMYECKMUX CBSI3€i MEXIY
MeTaJaHHbIMM B MUKpodopMaTax (XOTsI STOT Ba-
PUaHT BO3MOKEH, OH MTOKa SKOHOMMYECKU Helle-
JlecoobpaseH).

2.  Mexnay nepcoHaJbHBIMU AAHHBIMU TOJIb-
30BaTesisg (TakK Ha3bIBa€MbIM «CeTeBbIM IOpTpe-
TOM») ¥ KOHTEHTOM, HailIeHHBIM I10 3arpocy [5,
c. 51].

BoiBoabI

HecMmoTpst Ha nHTeHCUBHOE pasButue Web 3.0,
MHOTMeE IMPUIOKEHUS BCE elle MoJIararTcs Ha MH-
Tepdeiic Web 2.0 ¥ BBITISAST OUeHb ITOXOXKe Ha
npuiokenust Web 2.0, eciu He XyKe. BolbIH-
CTBO KJTIoueBbIX QYHKIMI VIHTepHeTa, TaKuX Kak
37IeKTPOHHAS TOYTa, YaT U COLMaIbHbIE CeTU, B
HacCTosllee BpeMsl He MMEIOT CPABHMMBIX aJIbTeP-
HaTMB B pamkax Web 3.0. OpHako MHoOrue

npuiokeHust Web 3.0 B HacTosInee BpemMs HaXxo-
ISITCSI Ha CTaIUM «A0CTaTOYHO XOPOUIUX». B KOH-
TekcTe 3(pdexra Web 3.0:

1. IlepepacmpemneneHyie CTOMMOCTH B ITOJIb3Y
TeX, KTO UCIIONb3YeT, MOANEPKUBAET U YIyUlIaeT
CeTh.

2. VYMeHbIIeHMEe CTOMMOCTH, KOTOpast MOKET
OBITD ITOJTyUEHa Uepe3 MPoCToe 0bJieryeHne ornpe-
IleJIEHHBIX B3aMMOJIEeICTBUIA, TaK KaK ITPOTOKOJIbI
6/0K4yelfHa BKIIIOYAIOT MocCpegHMuYecKkue (QyHK-
LN,

3. IIpemocraBieHue ITI0Jb30BATENSIM IIOBe-
IeHYeCKUX JaHHbIX M 3aIMCeli O TOM, UTO OHU CO-
3[AI0T ¥ BJAAAEIOT, UTO MO3BOJISIET UMM ITOJyYaTh
BBITOAY OT CBoeit 1udPOBOit COOCTBEHHOCTU B
npunoskkeHusix 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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KJIEHOB Biaaucias JleHncoBuY
cTyaeHT Kadenps! «3ammra MHGOpMaIumn»,
MUPODA — PocCuiiCKUIT TEXHOJIOTUYECKUIT YHUBEpCcUTeT, Poccus, r. MockBa

BACWJIBEB Huxkoumaii IlerpoBuu
KaHIMUIAT TEXHUYECKNX HaYK, TOLEHT Kadeapsl «3anmuTa nHGopmanmmn»,
MUPDA — PocCUiACKUIT TEXHOJIOTUYECKUIT YHUBEpCcUTeT, Poccus, r. MockBa

PEAJIN3AIINS TOCTKBAHTOBO 3JIEKTPOHHOM IMOAIVCH SPHINCS®
HA OCHOBE AJITOPUTMA I'OCT 34.11-2012/18

AHHOmMauyus. B cmamse paccmampusaemcs K8aHmMo8o-3aujuéHuas anekmponuas noonucs SPHINCS* u eé
nocmpoenue Ha ocHoge poccutickozo cmandapma xaw-pyukyuu F'OCT 34.11-2012/18 («Cmpuboz»). B xode uccae-
dosaHus OvLIU paccmompeHst cmpykmypa anzopummos «Cmpuboz» u SPHINCS', npedcmas/ieHo onucaue eHed-

PeHUsL Xauw-pyHKYUU.

Kntoueawie cnosa: xaut, xaui-pyrxkyus, TOCT 34.11, keanmosulii, an1ekmpoHHas noonucs, SPHINCS', xpunmo-

epaus.

KBaHTOBbIe BBIUMCJIEHNS] CTPeMUTEeIbHO Pa3BU-
BAlOTCSI, OMTHOBPEMEHHO BCE GOJIbIlE YTPosKast
TpaguUUMOHHOM Kpunrorpadumu. B coBpemeHHOM
MMpe IoKa He CYIIeCTBYeT CTaHIAPTOB MTOCTKBAH-
TOBO# KpuIrTorpaduu 1 HacTosas pabora mpu-
3BaHa BHECTM BKJIaJ B pasBUTHME 3TO¥ o6iacTu.
SPHINCS* umeeT Tpu cTaHIapTHbIe peanu3aluu,
Ha 6asze: SHAKE256, SHA-256 n Haraka [1, c. 12].
Hacrosmas pabora mpezjaraer peaam3auuio Ha
6ase I'OCT 34.11-2012/18 («Ctpubor») [2].

O Havaja HeOoOXOOMMO O3HAKOMMUTBCS C
npenjoxkeHHbiMu anroputmamu. 'OCT 34.11-
2012/18 — 3TO pOCCUICKUIT CTAHAAPT KPUIITOTpa-
(buueckoii xaur-GyHKUUM, 60/1ee M3BECTHBIN Kak
«CTpubor». OH paboTaeT B ABYX pekMMax: BbIXO/I-
HOJ X931 TOHOM IJIMHBI (512 GUT) U MOJOBYUHBI
IIUHBI (256 GUT). AITOPUTM MOKHO pasmenuTb Ha
Tpu craguu (puc. 1) [3, c. 3].

)54 Stribog-256
00000001)%*, Stribog-25¢

M S Basg(h), Stribog-256

Stage 1 Stage 2 Stage 3
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Puc. 1. Craguu anroputma «CTpu60r»
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SPHINCS* — 9TO anropuTmM-y4yacTHUK KOHKypCa
CTAHIAPTU3ALMU ITOCTKBAHTOBOJ KpUMITOTrpadgun
ot NIST. dBnseTcs 3/1eKTPOHHOM MOAMMCHIO HA OC-
HOBe X3II-QYHKIINMN.

OcHoBHBIM KoMITOHeHTOM SPHINCS* aBaseTcs
runepaepeso [1, c. 7]. OTO Tak Ha3bIBaeMoOe [e-
PEBO AepeBbEB, COEAMHEHHOE MEXIY C060Ji OTHO-
pasosoi cxemoii nognucu (OTS) WOTS* [1, c. 7].
JI¥cTOBBIE Y371l BBIOMPAIOTCS CITYYaAiiHO, M YTOOBI
paspemmuTh KOMOPOMMCC MeXAy pa3MepoM [ie-
peBa ¥ BepPOSTHOCTBbIO BbIOOPA OAMHAKOBOIO

[

Puc. 2. [Ipumep KOHCTPYKLIMY rUIlepaepeBa

Bce 3HaueHMsT BBIUUCISIOTCS TIPY ITIOMOIIN Ce-
mericTBa Kpunrorpaduueckux x3m-GpyHKUuA
[1, c. 6]. PaccMOTpUM Kaskooro MpefCcTaBUTENs ce-
MelicTBa U IeiCcTBUS, HeOOXOaMMble /I MHTerpa-
uun «Ctpubora» B HUX.

1. Th; (F, H)

HactpamBaemass xomi-byHKIus (tweakable
hash function) B pomojHeHMe K COOGIIEHUIO
{0, 1}** (I - KonmMuecTBO GIOKOB; N — JJIMHA OFHOIO
6JI0Ka) MOJIyYyaeT Ha BXOJ ITYOJMYHBIA IapamMeTp
P:{0,1}* u HacTpoiiky (tweak) T:{0,1}?5°.
HacTpoiika siBisieTcst agpecoM B TUIIepAepeBe.

Thy: {0, 1}* x {0,1}%56 x {0,1}'* - {0,1}"

ViMeeT yacTHBIE CIy4ay, KOTOA IJIMHA BXOTHOE
CoO6IIeHNsT paBHA JJIMHE OOHOTro 6yoka (F) mumn
IBYX 6JIOKOB (H):

F:{0,1}" x {0,1}%56 x {0,1}" - {0,1}"
H:{0,1}" x {0,1}?%¢ x {0,1}*" - {0,1}"

Th, (F, H) He mpeAIionaraeT KakKuMx-jambo usme-
HEeHUI [T X3 -QYHKIMK, a JUIIb OIpeeseT
IaHHbIE Ha BXOIE;

KOHEUHOTO y3Jia, B HUKHEl 4YacTu Tumeprepena
ucrosb3yetcs MmanokpaTtHas nognuce (FTS) FORS
[1, c. 7] KopHeBoii y3en gepeBa sSIBJISETCS ITyomy-
HBIM KJTIOUOM, €r0 HeoOX0YMO 3HATh MPU BEPU-
duxanyy. OgHaKo, YTOOBI He XPaHUTD BCE IePEBO,
MOATICY COIEepKaT B cebe ayTeHTUDUKALMOHHbBIE
ITyTH, I03BOJISIIOIINE BOCCTAHOBUTD MY Th K KOPHIO.
AnropuT™M crioco6eH TMOKO HacTpauBaTh pasMep
MOATIMCY U CKOPOCTh €€ cosmaHusl Oyiaromapst
CBOMM TiapameTpam. IIpumep KOHCTPYKIUMU TU-
neprepesa MpeaCcTaBaeH Ha PUCYHKE 2.

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

<> FTS node

2. PRF

IlceBmocnyuaitHasi QyHKIMSI reHepaluyu CeK-
peTtHoTo Kitoua. Ha BXopn GyHKIMS IIPUHMMAET:
seed-3HaueHMe cekpetHoro kiaoua {0,1}" u ero
azgpec B runeppepese {0,1}2%¢, PesynbraTom QyHK-
uyy 6yIeT MCeBaoCTyYaliHbIi CEKPETHBIN KITI0U.

PRF:{0,1}" x {0,1}?5¢ - {0,1}"*

PRF He mpefIionaraeT KakKux-i1ubo u3MeHeHui
IJIS X3I-(PYHKUMYA, a JINIIb OTpeesseT JaHHbIe
Ha BXOJe;

3. PRFE sy

IMceBmocnyyaiiHasi (PyHKUMSI reHepaluy CIIy-
YaTHOCTY JIJISI CKaTUsI coobieHus. Ha Bxon GyHK-
LIV IIPMHMMAET : CeKpeTHbIN K4 {0, 13", onimo-
HaJbHOE ciaydaiiHoe sHaueHue {0,1}" u cooOiie-
uue {0,1}*. PesynpraTom GyHKUMM 6yeT “caydaii-
HOCTB”, UCTIOIb3yeMasl [IJIs CSKaTUS MCXOQHOTO CO-
OOIIeHMSI.

PREy4: {0,1}"* x {0,1}" x {0,1}* - {0,1}"

IOnst ucrionb3oBauus «Ctpubora» B PRF, Ha

ero ocHoBe peann3oBad HMAC:
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HMACx(m) =
=H ((K @ opad)||H((K @ ipad)lltext)),

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

4. Hyse

DYHKIMS CKaTUS TMOAIMCHIBAEMOTO CO00IIIe-
Hus. Ha Bxon (YyHKUMS NPUHMMAET: *CIydaii-
HOCTb” (PRF,;s¢) {0,1}", my6mmunblit kimou {0,1}" u
coobmenue {0,1}*. PesyapTaToM byHKUUM GyaeT
noamnuck FORS 1 3HaueHMs agpecoB AepeBa U Jin-
cra. Hps; TIpeAmosniaraeT 3HavueHMe Ha BBIXOJE,
IIMHA KOTOPOro (UKCUPOBAHA M 3aBUCUT OT MUC-
XomHbIX MmapameTpoB SPHINCS®. Takum o6pasom
X31I-QYHKIMS JOJIKHA MMETh BO3MOXKHOCTD yCTa-
HaBJIMBATb MIPOU3BOJIbHYIO IJIMHY X3II-Koga. Tak
Kak «CTpubor» He 00JlaJaeT TaKOi BO3MOKHO-
CTbIO, OyJIeT MUCIIOJb30BaHa (YHKIMS reHepaiyun
macku (MGF1) [4, c. 28], nosBonstomas noxy4nTb
BBIXOTHOE 3HAUeHMe MPOVU3BOJIbHOI AJIMHBI C CO-
XpaHeHMeM KpurnTorpadmuueckux CBOMCTB X3III-
byHKIIMM

H,psq: 10,13 x {0, 13" x {0,1}" x {0,1}* - {0,1}™

[TonyyeHHOE ceMeliCTBO Ha OCHOBE aJropuTma
«CTpubOT» MOXET OBITh UCITOIH30BAHO B paMKax
SPHINCS*.

Takum o6pasoM B paboTe 6bla IOJyUYeHa
MMOCTKBAHTOBAY 3/ieKTpoHHas noamucb SPHINCS*
Ha 6ase poccuiickoro cranmapra I'OCT 34.11-
2012/18.
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KOYHEB AnekcaHap AJIeKCaHIPOBUY
cTapumii 69KeH 1 pa3paboTIMK,
Your Next Agency, Hugepimanapl, r. AMcTepaam

IIPUMEHEHUE ®PEVIMBOPKA SYMFONY U PHP
B PABPABOTKE BEB-ITPWIOXXEHUI

AnHomauusa. Cmamoss nocesujeHd ucciedosanur) 803MoxXCHocmeli npumereHus ¢peiimeopka Symfony u PHP
8 paspabomxke 8e0-nNPpuUIOHeHUll. YMOuHAemcs, 4mo ce200Hsl akmyanpHOCMy NpuUMeHeHUs 3blKoe 015 yeieli npo-
2pamMmuposanus u 8sl00pa (petimeopkos onpedensemcs cmpemaeHuIMu GusHeca 8 co30anHuu co6CMeeHHbIX NPo-
2PAMMHBIX NPOOYKIMO08 U NPUOXEeHUL, adanmuposaHHbix No0 nonv3osameeli u ux onsim. Ipusodumcs onucaque
U cmamucmuxa ucnons308axus ppetimeopka Symfony. Xapaxkmepusyomcs 0CHO8Hble NPeUMYUjecea U 603MOxH-
Hocmu npumeHeHus ¢petimeopka ons yeneli paspabomiu ee6-npunoxceHutl. B kauecmee ocHO8HbIX nNpeumMyLwjecmas
HA3bl8AOMCS: 8bICOKAS 2UOKOCMb U Macumabupyemocms, HacmpausaeMocms, KauecmeeHHas gaiinosas apxu-
mexkmypa, WupoKoe coobuecmao u Haaudue 06Yyuanuux Mamepuanos, CmadunibHocms cucmemsl 011 paspabomku
ge0-npunoxeruti. Ilo umozam uccnedosarus denaemcsi 861800 0 BbICOKOL Ueeco06PA3HOCMU NPUMEHEHUS
¢ppetimeopka Symfony u PHP e paszpabomxke 8e6-npuioxeHuU.

Kntoueeswie cnoea: Symfony u PHP, paspabomka npuioxeHuti, 8e6-npuioxeHus 01 6usHecd, docmouHcmed

u Hedocmamku ¢peiimeopka, petimeopk Symfony.

Hmppowsaumg SKOHOMMKM U Bcex cdep ueso-
BeuecKoil >KM3HeHesTeJbHOCTU OllpeesseT
KOMIUIEKCHbIe TIepCIeKTUBbI paspaboTKu Mpo-
rpaMMHOTO obecrieueHUss U BeO-TIPUIOKEHUIT B
MpakTuKe GYHKUMOHUPOBAHUS CYOBEKTOB Ipe[-
MIPMHYMATENbCTBA. Ba)kKHO MOHMMATh, YTO BHE[-
peHKe COBpeMeHHbIX TeXHOJIOTHUIi B OM3HeC orpe-
IeyisieT MpeuMylnecTBa HU@pPoBoit TpaHchopma-
IIMY Y BO3MOXXHOCTb aKKYMYJIMPOBAaHUSI IIOTEHIIU -
ajia TeXHOJIOTUA AJISI MOCTVKeHUS LieJieil pa3BUTHUS
KOMMaHUK. BMecTe ¢ TeM TeXHOJIOTUY AOCTATOYHO
YacTO CTAHOBSTCS OOBbEKTOM YIIPaBIEHUS U Pa3-
paboTKM, BBICTYIIasl B KaueCTBe ITPOEKTa, IO UTO-
ramM BOCITPOM3BOJICTBA KOTOPOTO OM3HEC MOTYUNT
MpOrpaMMy MU OPYroit UHCTPYMEHT, TI03BOJISIIO-
Mt peaqu30BbIBATb Te WIN MHble QYHKIIMOHAIb-
HbIe YCJIOBUSL. B 3TOM BOIpoce, 0COOYI0 aKTyasIb-
HOCTb TNPUOOpeTarT BOMPOCH MPUMEHEeHUs] Tex
WIM MHBIX BapMAHTOB U OCHOB Jyisl paspaboTKu
MPOTPaMMHBIX IIPOAYKTOB, OMpeaesIomux Iia-
HOMEPHOCTb paboThl U (QYHKUMOHAT KOHEYHOTO
MIPUIOKEHNS.

AKTYyaqbHOCTb TeMbl HOpuUMeHeHUs ¢peiim-
Bopka Symfony u si3pika mporpammupoBaHus PHP
IJIs1 pa3paboTKU Be6-IIPUIIOKEHMT OTIpeiesieHa He
TOJIbKO 006071 posIeBoii GyHKITMEN Be6-TIpUIoKe-
HMUII B IeATeIbHOCTU COBpEeMeHHbIX KOMIIaHMI, HO
" HEe06XOIMMOCTbhIO OILIeHKU CTereHun

3 dHeKRTUBHOCTY BbIOPAHHOM KOHMDUTYpauuy AJis
Liesiel mMporpaMMMPOBAHUS U €€ COOTBETCTBUS 3a-
MpocaM pSIOBOI KOMIAHMUM IIPY BOCITPOM3BO/I-
CTBe MPOEKTUPOBOYHBIX IIejieit 1 3amad, armpoba-
MY TeX WIM MHBIX TPOTPAMMHBIX pemeHMiA.
NubiMu cioBamu, paccmoTperue Symfony u PHP
B KauecTBe MHCTPYMEHTa ISl paspaboOTKu Be6-
TIPUJIOKEHWIA, TPeIIoJIaraeT onpeaeneHe JOCTO-
MHCTB M HEJIOCTATKOB BbIOPAHHBIX OCHOB JIJISI ITPO-
eKTMPOBaHMsI, YTO MOKET JieUb B OCHOBY BbIGODA
CIIeLMaINCTa, OCYIIECTBISIONIEr0 pa3paboTKy
BeO-TIPUIOKEHMS [IJIST HYKI KOMITaHUM. BpIGpaH-
HbIl GpeiiMBOPK U SI3bIK IJIS1 TPOrPaMMUPOBAHYS
OTIpeesTIOT ITapaMeTpbl CaMO¥i CUCTEMBI, UTO BbI-
3bIBAeT OCOOBINi MHTEpeC B OM3Hec-cpele, KOTaa
peyb MUIeT O MacHITabupyeMOCTH, YIyJIIeHWMH,
MHTeTpaIum ¢ PYTUMU IPWIOKEHUSIMU U TaK Ja-
nee.

Llenp MccnemoBaHUs — OMMUCATh BO3MOXKHOCTHU
npumeHenust Symfony u PHP gns meneit paspa-
O0TKM BeO-TIPWIOKEHUII B COBPEMEHHBIX YCJIO-
BUSIX.

Lindbposm3sauysi SKOHOMUKM OIpeesseT pocT
norpe6HocTeil 6usHeca B UT crnenmanucrax u
MIPOIYKTAX UX AEeATeNbHOCTU, KOTOPbIE MOTYT MC-
T0JIb30BaThCs B OU3HECE [IJIT COOCTBEHHBIX HYK]I.
Cornmacumcsi ¢ mHeHuem E.C. CynaTaHOBOII U
I1.M. ITamkoBa, KOTOpbIE pacCMaTpuUBAlOT Beob-
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pecypchbl B KauyecTBe OMHOIO M3 3(PQGEeKTUBHBIX
CII0CO60B OpraHM3aIMM YIIPaBIeHYECKON MpakK-
TUKM KOMITAHUY; aBTOPBI CUUTAIOT, UTO CETOHS
613HeC JEMOHCTPUPYET OCOOBIN MHTEpPEC K COBpe-
MEHHBIM pEIIeHUSIM ¥ IPOTPAMMHBIM IPOAYK-
TaM, 0 UeM CBUAETEIbCTBYET POCT CIIPOCA Ha KOP-
MMOpaTUBHbIE Be6-CaTHI [4].

B KOHTeKCTe 3as1BJIeHHOV TeMBbI UCCIIEAOBAHMS,
3aMeTUM, UTO OM3HeC AeiCTBUTENbHO HYKIAETCS
B BBIOOpE ONMTUMAbHBIX IMTPOTPAMMHBIX MPOIYK-
TOB, KOTOPBIE ITO3BOJISIT TPY CHUKEHHBIX U3IePK-
Kax I0/Iyd4aTh HeoOXomumble (DYHKIVOHATbHBIE
npeumyiectsa. E.B. ®emmnHa 1 coaBTOpHI B 3TOM
KOHTEKCTE PacCMaTPUBAIOT KOMIUIEKC BEO-TEXHO-
JIOTMII B KauecTBe BBICOKO 3¢(PeKTUBHOTO Cpei-
CTBAa OPTaHM3AIMOHHOTO Pa3BUTUS, BEOYIIETO K
o6beIVHeHMI0 MHPOpMaLuK, IUGPOBU3AILIUNA OT-
IeNbHbIX IPOLIECCOB U B I[€JIOM POCTY KOHKYypeH-
TOCIIOCOOHOCTM C YUYeTOM COBpPEMEHHBIX peanit
umudpoBoit TpaHchopMaLyM SKOHOMUKM [5]. Omu-
pasich Ha MCC/eJOBaHNe aBTOPOB, 3aMeTUM, UTO
Be6-MIPUIOKEHMS CETOMHSI CTAHOBSATCS Bce 6oiiee
BOCTPe6OBaHHBIMU, BBUIY UX KPOCCIIATGOpPMEH-
HOCTY M HE3aBMCUMOCTHM, BbICOKOM HOCTYIIHOCTU
Ioas 6M3Heca IpM YCAOBMM HAIMUMS OOCTyIA K
CeT MHTEPHeEeT.

B uccnemoBanuu I'. HypsimoBoii u 3. Opa3sbep-
IVEeBO BEPHO 3aMeYaeTcs, YTO pa3paboTka Beb-
MIPWJIOKEHUI [IJIsT TIOTpeGHOCTel GM3HEeca COMpsi-
SKeHA C TAKMMU BO3MOKHOCTSIMM, KaK yIIpaBIeHNe
KOHTEHTOM M €r0 paclpoCcTpaHeHMe Cpeau aymu-
TOPUU, CO3aHME YCJIOBUIA [JIST TIEPCOHATM3ALINM,
OpraHM3anysi COBMECTHONM AesSTeNbHOCTU U [I0-
CTVOKEeHMe BBICOKMX ITOKasaTesieil 6e30macHOCTM.
®oKyCcHpysCh Ha BOIpOcaxX pa3spaboTKM, aBTOPBI
OTMEYAIOT, UTO BaXKHEMIIMM B 3TOM II0JIe CTaHO-
BUTCSI BOCITIPOM3BOACTBO HEOOXOAMMOI apXUTEK-

TYPbI IMporpaMMHOTO IMPpUI0KEeHNUI,

obecrnieunBaromeil paboTOCIIOCOGHOCTb BEO-TIPU-
JoxkeHUst ¥ 3D PEKTUBHOCTH 06CTYKUBAHUS [3].

C mosuiuu MPOEKTUPOBAHUS BEG-TIPUIIOKE-
HuM cornacumces ¢ MHeHueM E.B. KpsokeBoilt u
S.10. Pycy, KOTOpble paccMaTpMBalOT IIPOLIECC
pa3paboTKy Be6-pUIOKeHUs uepe3 Mpu3My psiga
3TaloB: IporpaMMMpoOBaHue, GopMupoBaHue
6a3bpl JaHHBIX, (PYHKIMOHAJIbHOE ObecIieveHue,
TeCcTMpOBaHMe U yJydllleHue, peiau3s U TexHuue-
CKas noppepskka. Kaxapiii u3 sTarnos B UCCieno-
BaHUM aBTOPOB PaCKpbIBaeTcss B 060CO6JIEHHOI
CTpyKType; BmecTe ¢ TeM, E.B. KpsokeBa u
S1.10. Pycy BepHO 3amMeuaroT, YTO IIPU UCII0Ib30Ba-
HuM (HpeiiMBOPKOB, 3¢b(dEKTUBHOCTD U IIPOLIeCC-
HOCTh pPa3paboTKu Beb-MPWIOKEeHUH IoIBepra-
eTCs 3HauUMTeJbHOM OIITMMM3alNU, IIOCKOJIbKY
MO3BOJIsSIeT HUBEIMPOBATh MHOTME 3Talbl pa3pa-
6OTKM, IPEOI0IETh CUCTEMHbIE TPOGIEMBI SI3bIKA,
ONTMMM3UPOBATh KOA U (PYHKIMOHA, YCKOPUTD
pa3paboTky u ap. [2]. Kak uror, pazpaboTka ¢ mpu-
MeHeHMeM (peiiMBOpPKa CTAHOBUTCS GoJsiee Mpu-
BJIEKATEeIbHOI JIJIs1 6M3Heca, MOCKOIbKY B KOHEU-
HOM CueTe JNeMOHCTpUpYyeT 6Gojiee HU3KUIL ypo-
BEeHb M3IEPKeK, HEXeau B Ciaydyae pa3paboTKu
TIPUJIOKEHUST «C HYJISI».

VuuThiBass BCe BBILIEK3JIOXKEHHOE, TeMa BbI-
6opa (peiiMBOpKa 11 ONIpeie/ieHHbIX 1ieseit pas-
paboTKM B KOHTEKCTE COOTBETCTBYIOIETO SI3bIKA
MporpaMMUpOBaHMsI  IpuobpeTaeT  eICTBU-
TeJIbHO BBICOKYIO aKTyaJIbHOCTb U MPaKTUUECKYIO
3HaUMMOCTb, T.K. B KOHEUYHOM CYeTe BIMSIET Ha
YPOBEHb PECYPCHBIX M3JEPKEK MpU pa3paboTke.
O6paiiasich K paHee MPOBEAEHHOMY MCC/IeOBa-
Huio s13bika PHP u dpeiimBopka Laravel ripu Be6-
pa3paboTKe, BIIEIVM KJIIOUEBbIe IIPEVMYIIEeCTBa
PHP kak s13pIKa [Jis1 IpOrpaMMUpOBaHus (PUCY-
HOK 1):



AKTYyaJbHbIe UCCIeJOBAHUS ¢ 2023. N223 (153) [6] adpopmaliMoHHbIe TEXHOIOTHH | 67

Availability (mocTymHOCTB) Efficiency (3 pexTuBHOCTD)
L L

Functionality Cross-platform

(pyHKIIMOHAIBHOCTD) (kpoccmnaropMeHHOCTh)

An advanced data support

Ease of learning (Jerkoctsb
system (pa3BuTas cuctema

OCBOEHHS)
MOJIEP/KKH JAHHBIX )
L L
Can be deployed on any The prevalence of the
server (MOXKeT OBITh 1
a3BEPHYTH Ha JIOOOM anguage
P (pacpoCTpaHEHHOCTb )

ceprepe)
L L

Puc. 1. lIpeumymiectsa PHP nyis ueneit Be6-paspaboTku [1]

O6paiasce K puc. 1, 3aMeTum, YTo MHOTHUE U3 14%; BmecTte c TeM, ¢peiiMBOPK AE€MOHCTPUPYET
MPeuMYyIeCTB OMMCAHHOTO SI3bIKa MPOrPaMMUpPO- IOCTATOYHO BBICOKME IMOKaszaTenu 3hdeKTUBHO-
BaHMS 3HAUMTE/IbHO YCWIMBAIOTCS IIPU UCIIOb30- CTU ¥ MOXKeT ObITh IeICTBUTENbHO ITPUMEHEH B
BaHUU TeX WM UHBIX PpeitMBOpKOB. [Ipomioe uc- KOHTeKCTe pa3paboTku Beb-mpuiokeHuit [1].
CJleloBaHMe aBTOpa HACTOsIIell paboThl yKa3bl- Ipyrue uccaeqoBaHus OeMOHCTPUPYIOT —elle
BaeT Ha BBICOKOE 3HaueHMe B Kpyrax Be6-paspa- 601Nt pocT momynsspHoctu Symfony B cpepne
O0TUYMKOB TakuX GhpeiiMBOPKOB, Kak Laravel, Code paspabotunkoB. [lomynsspHOCTb  (peitMBOpKa
Igniter u Symfony. PactipocTpaHeHHOCTD IOC/IeT - Symfony B 2021 rogy coctasiisiia cBbime 20%, 4To
Hero cpeayu pa3paboOTUMKOB COCTABJSIET OKOJIO HarIsgHO NMPOAEMOHCTPUPOBAHO HA PUCYHKeE 2:

Most popular technology skills in the PHP tech stack worldwide
in 2021 (Camble onyssipHbIe TEXHOJOTUYECKUE HABBIKH B
texunueckoM cteke PHP Bo Bcem mupe B 2021 roay)

35,00% 32,79%
30,00%
25,009
,00% 20,77%
20,00% 18,03%
15,00% 13,11%
10,38%
10,00%
0,00%
PHP 7 Symfony Laravel Wordpress Doctrine

B Most popular technology skills in the PHP tech stack worldwide in 2021 (Camble nonynsipHbie
TEXHOJIOTHYECKHEe HaBBIKY B TexHI4YeckoM creke PHP Bo Bcem mupe B 2021 rony)

Puc. 2. BocTpe60BaHHOCTD (hpeitMBOPKOB ¥ SI3BIKOB B cpeqie PHP [7]



AKTYyaJbHbIe UCCIeJOBAHUS ¢ 2023. N223 (153)

MHPOpMalIOHHBIE TEXHOJIOTUH | 68

O6pamasicb K pPUCYHKY 2, 3aMeTUM, UTO
Symfony npmobpeTaet 0co6yi0 BOCTpe60BaHHOCTD
MTOCKOJIBbKY SIBJISIETCSI COCTABHO YaCThIO IPOEKTOB
C OTKPBITBIM MCXOAHBIM KOJ0M. O6IIMpPHAs TOKY-
MeHTauuss Symfony u aKTMBHOE COOOIIECTBO Je-
JIAIOT €ro OTJAMYHBIM PECYPCOM [jIsl pa3paboTum-
KOB, CTPEMSIIIVXCS CO3[]aBaTh BHICOKOKAUECTBEH-
Hble Beb6-npuaokeHus Ha PHP.

Symfony sBnstercs PHP dpeiimBopkoM, o61a-
MaloIMM OTKPBITBIM MCXOJHBIM KOJIOM, UTO Je-
JIaeT BO3MOXHBIM Y/IYUIIIEH/E CEPBEPHOI Cpefbl.
Ha 6a3e Symfony cTaHOBMUTCSI BO3MOXKHOI paspa-
00TKa CJIOKHBIX BEO-TIPUIOKEHMIA U MIPOrpaMM-
HBbIX IIPOIYKTOB, Goyiee Toro, Symfony ympoiraer
MIPOIIECChI, COMPSDKEHHbIe ¢ BeO-aum3aiiHoM. Kak
MOKasbIBaeT IpakTuka, Symfony sauacTyio wuc-
MOJIb3YeTCsI Cpefiy pa3paboTUMKOB Mpu paboTe co
CJIOKHBIMM TTPUJIOKEHUSIMM, TPEGYIOTMMY CO3a-
HUSI MHOTOYPOBHEBOW apXUTEKTYPbI ¥ BOCIIPOU3-
BOZICTBA OCHOB TMOKOT0 MOIX0a.

3a CYeT MUCIT0JIb30BaHMS HECBSI3aHHBIX OM0JIMO-
TeK mJaHHbIX Symfony I103BOJIsIET ITOBBICUTH
HaJeXXHOCTh BeO-TIpWIOXKeHUui; B (peiiMBOpKe
UCITO/Ib3YETCS] TEXHOJIOTUS TMaKeTUPOBAHMS AJIs
obecrnieuenust 6ecriepe6oOitHOI PabOThI MPUIOKE-
HUSI. B LesigX ONTMMM3AlUM PeCypCHBIX 3aTpaT
MakeThl TPEeACTaBISIIOT c060ii Habopsl (aitioB
IaHHBIX, KOTOPble MOKHO ITOBTOPHO MCITOJIb30-
BaTh U PeKOH(PUTYPUPOBATH B APYTOM MeCTE.

Third Party Library

Third Party Components
& Bundles Bl
Doctrine ORM —
Components
Class Loader <
Dependency Injection —
Custom Component N
HTTP Kernal — :
HTTPFoundation

Doctrine

KiroueBble npenmytiecTsa Symfony ctout pac-
CMaTpUBATh Uepe3 MPU3MY TPeX HaIlpaBIeHU:

Bo-mepBbIX, CHUKEHHOE TOTpebiieHne pecyp-
COB ITAMSITH, UTO B 0COOEHHOCTY 3(PGHEKTUBHO CKa-
3BIBAETCSI HA TMPOIECCcaxX pas3paboTKy BHICOKOIIPO-
U3BOJIUTETBHBIX BEO-TTPUIIOKEHMUIA.

Bo-BTOpBIX, JIETKOCTh OOyueHus mpu pabore
HOBBIX Pa3pabOTUMKOB: AOCTYITHOCTb OTKPBITHIX
IoCo6MIt, IMPOKOE COOBIIECTBO, PACIIPOCTPAHEH -
HOCTb.

B-TpeTbux, onTUMaabHasg KOHGUIypalus,
MO3BOJIAIONIAST «II0 KUPIUUYMKY» BOCCO3[ABaTh
CJIOXKHbIE BeO-IpUIOKeHNsI [6].

Bonee toro, B ¢peiimBopk Symfony npu Beb-
Iy3ajiHe BKJIIOYAIOTCSI (QYHKIMM T10 OO0YYEHMUIO,
YTO JejaeT BO3MOKHBIM OpPMEHTalUui0 B (PyHK-
IIMSIX TIPOrPaMMBbl Cpeiyt HauMHAIONIIMX pa3paboT-
ynkoB. Symfony opueHTMpPOBaH HA T'MOKOE KOIU-
pOBaHMe, TIO3BOJISIONIEE COKPAaTUTh BpeMsi3a-
TpaThl Ha HaMyCaHye KOfa JJisl Be6-MPUIOXKEHMUS.

Bricokast TM6KOCTD SI3bIKA MIPOSIBIISIETCS B TOM,
yto Symfony BK/TIOUaeT B ceOs ABa TEXHOJIOTMYE-
CKMX TIPeMMYyIecTBa: GaH/I, KOTOPbI SIBISETCS
KOMIIJIEKTOM KoOJda OJisl TUITOBBIX 3ada4 U IIpUMe-
HEeHMe KOMITOHEHTOB, KOTOPbIE COKPAIAIOT KOJIM-
YeCTBO PYTUHHBIX OTlepalyii B MOAY/IbHO CTPYK-
Type. OObenyHeHMe ITaKeTOB ¥ KOMIIOHEHTOB
HaIVISITHO TPOJEMOHCTPUPOBAHO panee (PUCY-
HOK 3).

Application

Application 1

Bundles

¢ Application 2

Bundles

Application N

Custom Bundles

Framework Bundle

Puc. 3. CTpyKTypa pa3paboTku Ha 6a3e Symfony rpu MHTerpaium akeTos,
KOMITOHEHTOB 1 OM6/IMOTeK [7]
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VTOYHMM, UTO NTOJIO6HAS CTPYKTYPA MO3BOJISIET
YCTPaHUTDb IIPO6IEMY OTCYTCTBUSI TMOKOCTU B ap-
XUTEKType BeO-TIPUIOKeHMS; He3aBUCUMOCTb
KOMIIOHEHTOB OIlpejiesisieT BO3MOXHOCTb 3¢ dex-
TMBHOTO MacCIITa6MPOBAHUS CUCTEMBI U €TO U3Me-
HEHMSI TI0JT, HOBbIE ClleHapuM MCIob30Banms. Kak
UTOT, IpUIOskeHus Ha 6aze Symfony geMoHCTpU-
PYIOT BBICOKYIO aJalITUBHOCTb.

Hacrpoiika BeG-mpwiokeHuit Ha Symfony
TaKKe COMPOBOKAAETCS COOCTBEHHBIMY JOCTOWH-
CTBaMM, YTO BO3MOXXHO BO MHOTOM Osarojaps
BOCITPOM3BO/ICTBY I10JIb30BATENbCKUX QYHKUIMIA U
CO3IaHMeM apXUTEKTYPbI 0], KOHEYHOTO I0/Ih30-

BaTeJid. HpOEKTbI CTAHOBSITCS JIETKO
Single Instance
Scalable Instance
(4 by default) .
Single Instance

Single Instance

O6pamasicb K pUCyHKY 4, 3aMeTUM, 4YTO Mac-
MITabMpyeMoCTh apXUTeKTypbl Symfony Bo MHO-
TOM SIBJISIETCS CJIeICTBUEM ucnonb3oBanuss MVC B
KauecTBe simpa pa3paboTky — hopMupoBaHe 0co-
60i1 (aiiyIoBOIi CTPYKTYPHI TTO3BOJISIET JIETKO pPas-
IeJIUTb OM3HEC-MOIeNTb U ITPeICTaB/IeHNE TT0JIb30-
BaTessl 0 MPWIOXKEHUM, obecrieunBas COBepIIeH-
CTBOBaHME CTPYKTYPbI BeO-TPUIOKEHMUS.

VunuTeiBasg KoMMepueckoe GUHAHCHMPOBaHMe
Symfony co cTopoHbI pa3paboTUMKOB, GpeitMBOPK
mpezjiaraeT MOAIEepPKKY I0Jb30BaTesell Ha Mpo-
TSDKEHUY TPeX JIeT M BO3MOXKHOCTh pearMpoBaHus
Ha OIMOKM U TIPO6JIEMBI B 06/1aCTV 6€30TIaCHOCTH
Ha IPOTSDKEHUM 60jiee IJINTEeNbHOTO CPOKa IOJTb-
30BaHMs Beb-mpwiokeHueM. Kak uTor, Bce 3TO
ompenesisieT OOIIMPHbIE CUCTEMbI IIePCIIEKTUB
npuMeHenusi  ¢dpeiimBopka  Symfony  mis

MacIITabupyeMbIMy, TOCKOIBKY C OJHOM CTO-
POHBI, pa3paboTuYMK IMOTy4yaeT BO3MOXHOCTb CO-
30aTh MOJHOMAacCIITabHOe MHOTOQYHKIMOHAb-
HOe TIPWIOKeHe C MHOKeCTBOM YHKINIA; C IPY-
roii CTOPOHBI, CO3HATh CTPYKTYPY BeO-IIPUIIOKe-
HUS C BBIGOPOUHBIMM (YHKIMSIMU, KOTOPbIE BCE-
rJja MOTYT ObITh PACUIVPEHDI U YTyUIIIEHbI B CJTyYae
HeobxomMMoCTH. MacuTabupyeMocTb IpOeKTa
JIOCTUTAETCS 3a CUeT pean3aluy IMogoOHO K-
MUYHOI» TEXHOJIOTUM U TAaKeTUPOBaHMS. SIpKUM
MIPYMEPOM MacCIITabUPOBAHMS SIBJISIETCS MHTETPA-
1[MSI IPWJIOSKEHMSI C TYIJ1 0671aKOM, TpefCTaB/eH-
Hasl Ha pUCYHKe 4.

Scalable Instance

(10 by default)

g Ingress
Service
(Managed
by Google
Cloud)

Google
Cloud SGL

Puc. 4. TIpumep MacIiTabupoBaHus apXUTEKTYphI B hpeiiMBopke Symfony [7]

paspaboTKyU BeO-IIPUIIOKEHMIA, CIIOCOOCTBYS IT0-
myJsipu3anuy GpeitMBopKa B 613HeC-cpeie 1 pac-
MIPOCTPAHEHMIO TTPOrPAMMHBIX MTPOIYKTOB HA €ro
OCHOBe Cpeay KOMITaHUIA.

TakuM 06pa3oM, pe3yJbTaThl MPOBEIEHHOTO
MCC/IeIOBAHMS TTO3BOJISIIOT CIOEIATh PSI/I BHIBOJIOB:

1. B cOBpeMeHHbBIX YCJIOBUSIX BOIPOCHI BbI-
6opa s13bIKa [AJIsI IIPOrpaMMMPOBAHUSI U (Ppeitm-
BOPKa CTAHOBSITCS CJIEICTBMEM aKTUBHOTO Teve-
HUS MporeccoB uyudpoBoit TpaHchopmalum 3Ko-
HOMUKM, IPebSIB/ISIONIEl KOHLIENTYaIbHO HOBbIE
TpebGoBaHMs 11 KOMITaHUIT ¥ hopMUpYIoIIeit Ho-
BbI€ YCJIOBMSI OPTaHM3AIMOHHOTO QYHKIMOHMPO-
BaHMs 6usHeca. Kak UTOT, BHICOKYIO aKTYaTbHOCTh
MpUOGPETAIOT UCCAENOBaHMS, PACKPbIBAKOLIVE
MPEeMMYIIeCTBA UM OCOGEHHOCTM KOHKPETHOTO
sI3bIKA IS TIPOTPAMMMPOBAHMUS M BO3MOXKHOCTHU
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MCIIOJIb30BaHMSI 3TOTO SI3bIKA B YCJIOBUSX paspa-
O60TKM BEO-TTPUITOKEHUIA.

2. Ilpumenenue ¢peitmMBopka Symfony wu
PHP B paspaboTke BeO-TPUIOKEHUIT CTAHOBUTCS
IeiCTBUTEbHO IeJecoo0pasHbiM U 3hdeKTUB-
HBIM, ITOCKOJIbKY Symfony akkymynupyer B cebe
MPeMMYIIeCTBa TMOKOCTH, MOAJEPKAaHMSI CO CTO-
POHBI COOOITECTBA, MTO3BOJISISI CO3/IaBaTh MacCIITa-
OupyeMble CIOKHbIE Be6-TIPUIOKEHUSI, COOTBET-
CTBYIOIIME 3aIllpocaM COBpPEeMEHHOTro Ou3Heca.
VunutbiBast QyHKIMOHAIbHbBIE JOCTOMHCTBA U TIpe-
umyliectBa @peiimBopka Symfony, mociemHMii
npuo6peTaeT Bce OOBIIYIO MOMY/ISIPHOCTh B KPY-
rax paspaboTYMKOB.

3. OcHOBOMOJATAIOIIMMM MTPEUMYIIECTBAMU
dpetmBopka Symfony mast meneit pa3paboTKu
BeO-TIPUIOKEH I SIBJISTIOTCS: BBICOKAsI TMOKOCTD U
MacIITabupyeMoCTb, HAaCTpaMBaeMOCTb, Kaue-
cTBeHHas1 paityoBast apXUTEKTYpa, IIMPOKOe CO06-
IIECTBO U HajiMuye 00yJaroImux MaTepuasoB, CTa-
OMIBHOCTD CUCTEMBI JIJIST pa3paboTKM BeO-TIPUIIO-
SKeHUM, ¥ MHOrMe [pyrue. YUuTbIBas Haauuue
KOMMepueckoro ¢GuHaHcuMpoBauust Symfony co
CTOPOHBI pa3paboTuMKOB, (GpeiiMBOpPK Ipessa-
raeT MOAAEPKKY IT0/Ib30BaTeeil Ha MPOTSKEHUN
TpexX JIeT M BO3MOXKHOCTb pearupoBaHusl Ha
OmIMOKY U TIPO6IEMBI B 06/1aCTH 6€301TaCHOCTM Ha

npuMeHeHnne (peiiMBOpKa MeHee PUCKOBBIM B
O6usHec-cpeme.
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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.
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CAPBACOB Pycian AHyapoBu4
KypcaHT, HoBocOUpCKuit BOEHHBI MHCTUTYT opaeHa JKyKoBa MMeHM TeHepaia apMumn
N.K. SIkoBneBa BOVicK HallMOHaAbHO rBapauu P®, Poccus, r. HoBocubmpck

ITPOBJIEMbI OPTAHN3AII XPAHEHUS NTHOOPMALINUN

AnHomauus. Cmames nocesueHa npobaemam op2aHu3ayuu XpaHeHus UHQOpmayuu, pacCMompeHsl 0CHO8-
Hbie NpoOJIeMbl, NYMU UX pelueHUs, a makxce pasauuHsle sudsl XxpaHeHus uHpopmayuu. Pocm cospemerHbix mex-
HoJI02Ull cnocobcmeyem Haxoxuo0eHu peuleHus daHHslx npobieM. B cmambe packpsimet 803MO¥cHble NyMU peule-

HUs1 6bIHECEHHbIX 80NPOCOBL.

Knrouessle cnoea: uHgpopmayus, xpaHerue, spems, npo0bJiema, UHmepHem, KOHYenyus, paseumue.

AI:TMBHoe pa3BuTHe MHDOPMAIIMOHHBIX TEXHO-
oruit TIpuUBeIO K UX BHEAPEHUIO BO MHOTHE
cdepbl OOIIECTBEHHON KM3HM, B TOM YMCJIE U B
rocygapcTBeHHoe yrpasjaeHyue. OCHOBHYIO pOJb B
MHbOPMAIIMOHHOM DPa3BUTUMM 3aHMMaeT HMHTep-
HeT, KOTOPbIi CO30aET HOBbIE IeiiCTBEHHbIE Cpe[ -
CTBa yIIpaBAeHMS ¥ B3aMMOJECTBMSI OpPraHoOB
MTyOIMYHOI BJIACTU, KOMMEPUYECKUX OpPTaHM3aIiA
U TpakaaH. 3TUM OOCTOSITETBCTBOM OObSICHSIETCS
BO3HMKHOBEHME KOHIEIINN «3JIEKTPOHHOTO ITpa-
BUTEJIbCTBA». PaccMaTpuBast Borpoc o6 ornpeere-
HUU «3JIEKTPOHHOTO MPaBUTEIbCTBA» CJIeIyeT OT-
MEeTUTb, UTO B HACTOSILI[MIT MOMEHT OJTHO3HAYHOT'O
HOPMAaTMBHOIO 3aKpernjieHus OaHHOTO IMOHSITUS
HeT. Hanmpumep, B KoHnenmuu GopMupoBaHus B
Poccuiickoit @epepaliiy 37€KTPOHHOTO ITpaBU-
TenbcTBa 00 2010 roma maetcs cienyrollee ornpe-
JefieHre «3JeKTPOHHOe MPaBUTEIbCTBO — HOBas
dbopma opraHu3anu gesTeTbHOCT OPTaHOB roC-
YAapCTBEHHON BIaCcTH, 06eCIieunBaloNias 3a cueT
IIVPOKOTO TpUMeHeHUs MHGOPMAIMOHHO-KOM-
MYHUKAIMOHHBIX TEXHOJOTUI KaueCTBEHHO HO-
BbIiT ypOBEHb OTIEPATUBHOCTHM U YI0OCTBA ITOJTyUe-
HUSI OpraHM3alMsIMM U TpaxXIaHaMu ToCydap-
CTBEHHBIX YCJIYT ¥ MHPOpMAIMM O pe3ysIbTaTax
JlesiITeJIbHOCTY TOCYAAPCTBEHHbBIX OPTaHOB».
XpaHenue nabopMauy B 6ymMakHOM BuUIe —
caMblil pacrpocTpaHeHHbI crmoco6. OCHOBHBIM
MpeUMYILECTBOM SIBJISIETCS HAIVISAHOCTb U MPU-
BBIYHOCTb, HYKTO He CTAaHET BO3paXKaTh, UTO pabo-
TaTh C KHUTOI WM JUCTOM Oymaru ymo6Ho. OT-
CYTCTBYET BCSIKOE OIOJIHUTEIbHOE 000pyIoBa-
HMe Mexxay Bamu u HocuTesiem nHbopmaimn. Bee
BOCIIpMHMMAIOT Bamm 3peHue u Mo3sr. st Kop-
PeKTUPOBKM [IOCTATOYHO JMIIb HajJIuuue KapaH-
Jaiia uiau pyuku. bymara rmeeT cBoiiCTBa BblliBe-
TaTh, MPOTUPATHCS OT MHOTOKPATHBIX MTPUKOCHO-
BeHMi1, pBaThcs. ViHdopmaliys Ha MOBpeskIeHHbIX
6yMEl.)KHI)IX HOCUTEJISIX MOXeET 6bITb YaCTUYHO UJIN

MOJTHOCTBIO yTepsiHa. JIOBOJIBHO CJIOKHBIM SIBJISI-
eTcsI IIPoIecC U3BJIeYeHMs HalileHHOl nH(opMa-
UMM UM JOKyMeHTa U3 1mKadoB 1 MojaoK. bosb-
II0¥1 apX1B 3aHMMaeT OUeHb MHOTO MeCTa.

bypHoe pasBuTHe MHGOPMAIMOHHBIX TEXHO-
JIOTMI CIIOCOOCTBYET aBTOMAaTMU3alMM IpaKTHUye-
CKM Bcex cep uesioBevecKoii mesiTeibHOCTU. Pa3-
paboTKa HOBBIX 3HaHUITI cTana 6osee 3¢ GHeKTUB-
HOII U ObICTpoii. Hambosiee onTuMaabHOe pelle-
HMe TTpo6JIeMbl MCITOIb30BaHMs MHPopManyu 6y-
MaKHbIX HOCHUTEJIEH, SIBJSIETCS XpaHeHMue OOKY-
MEHTOB B 3/IeKTPOHHOM apxuBe. [IJis1 3Toro cyie-
CTBYET pasjMYHOEe CKaHMUpYollee 060pymoBaHue:
OT OOBIYHOTO TUIAHIIIETHOTO CKaHepa 0 MTPOMBIIII-
JIGHHOTO CKaHepa, IT03BOJISIIONIEro, HampuMep,
ckaHupoBaTh 1o 180 crpanuu/muuHyty. Ilpu co-
BpeMeHHOM Pa3BUTUU MPOU3BOACTBEHHbBIX U TeX-
HOJIOTMYECKUX IIporeccoB B Poccum, 6Geccmpic-
JIEHHO TOBOPUTb O MOJTHOCThIO 6e36yMaskHOI Tex-
HoJIOrUU. B M1060M ciiydae, MIpUIeTCs ComepskaTh
OYMasKHbIN apXyB, Be[lb [TOKA JIEKTPOHHBIN TOKY-
MEHT He MMeeT MOJHON IpUANIecKoii cuibl. Of-
HaKo, CO3/aHMe 3JeKTPOHHOIO apxuBa Cyle-
CTBEHHO 00jieryaeT M yCKOpsieT paboTy C JOKy-
meHTamMu. [Ipy 3TOM CyIIeCTBEHHO YMEHbIIAEeTCS
BEPOSITHOCTh ITOTEPU MU TOpUM IeHHOM uHdOop-
Malun.

Camo XpaHWINIE WMMEET OIpeAe/EHHYIO
CTPYKTYpY M 4allle BCEero MOCTPOEHO IO orpene-
JIEHHOI MoJenu JaHHbIX. MoJe/b JaHHbIX Tpe/-
CTaBJISIET COOOI OIMMCAHME BCEX CYIIHOCTEN, 06b-
€KTOB 6a3bl JAHHBIX KOPIIOPATUBHOTO XPaHWININA
IaHHBIX Y BK/IIOUAET B Ce6sI: KOHIIETTYaJIbHYIO MO-
IleJib JaHHbIX, JIOTMUYECKYI0 MOJe/b JaHHBIX U Gu-
3MYECKyI0 Moaesb 6a3bl JaHHbIX. Ha ypOBHE KOH-
LEeNTYaJIbHO MO OMPEAESIOTCS CYIIHOCTY U
B3aMMOCBSI3M MeXny Humu. Ha ypoBHe yormue-
CKOVi MOJIeJTU CYITHOCTY IeISITCS Ha 6u3Hec-0671a-
CTH, UM JaeTcs Moapo6GHOe U IMOJIHOe OMMCaHMe,
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MIPOTIMCHIBAIOTCS B3aMMOCBsI3U. IIpy paspaboTke
dbusmueckoit Momeny 6a3bl JaHHBIX OIPEIeIISIeTCs
BCSI CTPYKTypa 6a3bl JAHHBIX - OT TAGJINIIL U MTOJIeA
B HUX, IO MapTULIVIT M UHAEKCOB.

B manbHeliem, copMupoBaHHOE XpaHWINIIE
HJAaHHDBIX MCIIOJIb3YETCsSd KaK MCTOUYHMK IJIs1 OTYET-
HoCTU: (popMUpPYIOTCST 06GJaCTM aHaIM3a U BUT-
PVMHBI JaHHDbIX.

Ha mepBbIit B3IVISIA MOXKET IOKa3aThCs, UTO
CTPYKTypa XpaHWIUII JaHHBIX JOCTATOYHO MPO-
cta. Ha caMom Jeste psif cepbEe3HBIX MPOGJIEM BO3-
HMKaeT Y)Ke Ha 3Tare IPOeKTMPOBKU U peasinsa-
iy, CaMble Ke TpyTHOpeliaeMbie MPOSIBIISIOTCS
y3Ke Ha Tare SKCIUTyaTalluy ¥ COTTPOBOKIEHMS.

ITpo6s1eMbI XpaHMINIL JTaHHBIX

TIpUHSTO BBIAEIATH TPY OCHOBHBIE KATEIOPUM
po6IeM XpaHMUIUI JaHHBIX.

1. TIpo6ieMbl KauecTBa JAHHBIX

2. IIpo6nembl BbIOOPA MCTOUHMKOB JaHHBIX

3. IIpo6Giembl MPOU3BOAUTENBHOCTM U Mac-
ITabUPYyeMOCTH.

MHorue mpo6yeMbl HaKOIJIEHMS U Tepemaun
OO0BIINX JAHHBIX Y3KE PEIIa0TCSI CETOHSI C TTOMO-
IIBIO CEPBMCOB 00JIAUHOTO XpaHeHMs. Ha kommep-
YyecKye cepBepa 1o BCeMy MUPY OTIIPaBJIsieTCs BCe
0oJbllle TaHHbIX, HE3aBUCUMO OT UX ITPOUCXOKIE-
Hus. KoMITaHUM-IOCTaBIIUKM, B YACTHOCTU KOM-
maHusa Acronis, IIpeajiaraloT pasHoo6pasHble
YCJIYTY apXUBalMy, BOCCTAHOBJIEHUS] U 3allMThI
(aitoB, a TaKKe [T COBMECTHO pabOThl C HUMM.

O61auHOe xpaHeHMe obecrieunBaeT 061N T0-
CTYIl MHOTMX ITI0JIb30BaTesieif K ¢ajiiiaM U Mo3BO-
JISeT MM He 3aBUCEeTh OT PaboTOCIIOCOOHOCTH
Hakornureseii. KnmeHT nepenaet Qaiiabl B XpaHu-
JIUIIIe yepe3 MHTEPHET-COoeIVHEeHe U P Heo6-
XOIMMOCTM MOXKET CKavyaTh UX Ha CBOI KOMITbIO-
Tep. 3a TO, Kak U rae ¢GuU3UIeCcKy OHM pasMella-
IOTCSI, OTBEYAET MOCTABIINK YCITYT.

O61auHOe MporpaMMHOe obecrieyeHue mo3Bo-
JIsleT pefakTUPOBAaTh NOKYMEHTBI U (aitiabl OH-
naiid. Tak TOKyMeHTBI BCerja OCTAlOTCSl CMHXPO-
HM3VPOBAHHBIMM MEKAY Pa3sHbIMM I10JIb30BaTe-
JISIMM.

Yro6bl TapaHTUPOBATh HANEKHOE XpaHEHUs
60/bIIOT0 OObeMa MHGOPMALIVM, MCIIOIb3yeTCs
GYHKIMS pe3epBHOTO KOMMPOBAaHMUSA. DTO 3HAUMT,
YTO JaHHbIe 0COOBIM 06pa3soM AYOJMPYIOTCS U B
cJlyyae yTepyu MOTYT ObITh BOCCTAHOBJIEHBI HA OC-
HOBeE 3TOi pe3epBHO KOIIUN.

HampaBieHne XpaHWIMIN HAHHBIX Ha CEro-
IHSIIIHUI TeHb aKTUBHO pa3BuBaeTcs. Co3maloTcst
MporpaMMHbIe CPeICTBa, TO3UIMOHMPYeMble pa3-
paboTuMKOM, Kak IIaTGopmMbl AJIsI CO3IaHMUS Xpa-
HWINII AAHHBIX, KaK MHTErpalyoHHbIe TIUIaT-
dbopmbl. Takue mpo6ieMbl, KaK ITPOV3BOIUTEIb-
HOCTb XPaHWIKIIL OCTAIOTCS aKTyaJbHBIMU U TIEP-
BOOUepeIHbIMY K pa3pelieHuIo.
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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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®EJIVH ®enop Onerosuyu
K.B.H., IOIIEHT,
MUPDA — PocCUIACKMIT TEXHOJIOTUYECKUIT YHUBEPCUTET,
Poccus, r. MockBa

TPOO®UMEHKO [Imutpuii UropeBuu
CTY[EHT,
MUPDA — PocCcuiiCKu1iT TEXHOJIOTMYECKUIT YHUBEPCUTET,
Poccus, r. MockBa

MOJEJIb 3AIINTHBI THOOPMAIIMU B XOJE ITPOLHECCA OBPABOTKU
3AKA30B HA OKA3AHUME KAPIIEPVHI'OBBIX YCJIVT

AHHOmauus. B cmamove npedcmasieHa cxema UH(hOPMAayuoHHbIX NOMOK08 6 omadeie yuemd KAueHmos Kap-
WepUH2z080Li KOMNAHUU U MOOeb 3awums! UHpopmayuu 8 npouecce 0bpabomku 3axkazos. Modeab nocmpoeHa ¢
MOUKU 3peHUsi UHMceHepa No UHGOPMAUUOHHOL Ge3onacHocmu. B pesyivmame anaausa ObLiu 8bise/ieHbl Hedo-
CIamku @ cucmeme 3auiumst uHopmayuu. B koHye cmamou coesiaH 661600 00 YpOsHE 3aLUMbl NEPCOHANbHbBIX

JaHHbBIX KIUEHMO8 KapulepuHz080li KOMNAHUU.

Kniouegwie cnosa: LlHd)OpMGl{LlOHH(Zﬂ 6€3OI’I(ZCHOCY)’Ib, cucmema 3auiumeol qu)opMauuu, KOHd)uaEHuuafleaﬂ

UH(opmayus, nepcoHanvHvle OaHHble.

BBogHas yacTp

[IpuMmeHeHMe aBTOMAaTU3MPOBAHHON! CUCTEMBbI
B 3aIIMIIEHHOM MCIIOJIHEHMM TIO3BOJIUT CyIle-
CTBEHHO YJIYYIIUTH MH(POPMALIMOHHOE obecreye-
HMe COTPYAHMKOB KapIIepUHTOBOV KOMITAHUM C
obecrieueHreM KOH(PUIEHIIMATBHOCTU, II€JIOCT-
HOCTMU U JOCTYITHOCTY XPaHUMBIX 1 06pabaThiBae-
MbIX UMY JaHHBIX.

KonmmuecTBO KIMEHTOB, KOTOpPbIE XOTAT TIOJIb-
30BaThCS YCJIYTaMy KapilepyHra MOCTOSTHHO pac-
TeT, COOTBETCTBEHHO, YBETMUMBAETCS KOJMUECTBO
XpaHUMOJt 1 06pabaTeiBaeMOi KOHQUIAEHIIMAIb-
HoVi uHpopmanyuu. B To Xe BpeMsi, B COBpEMEH-
HbIX VYCJIOBUMSIX BO3MOXXHOCTM HapyIIUTeJIei

MHGOPMAIMOHHOJM 6€e30IMacHOCTM CYIIeCTBEHHO
BO3pOCIM (UCIOb30BaHME YCOBEPIIEHCTBOBAH-
HBIX CPeJICTB, METO/IOB ¥ 3HAHMIA [IJIST OCYII[eCTBIIe-
HUS aTak). B cBSI3M ¢ 9TUM, HEO6XOAMMO MpoaHa-
JIU3UPOBATh, KAaK B HACTOSIIEEe BPeMs OCYIIEeCTB-
JisieTcs 3ammTa MHGOPMAaIMY B OTesIe yueTa K-
€HTOB ¥ BBISIBUTD ITyTHU JIJISI YCTPAHEHUS BBISIBJIEH -
HbIX HEIOCTATKOB.

OcHOBHAas 4acCTb

s TIOHMMAaHMUST CTPYKTYpPbI PaboThl OTHENa
yuyeTa KJIMEHTOB B KapIIePMHTOBOI KOMITAaHUMU
ObL7Ia IMOCTPOEHa cxeMa MH(POPMAaIMOHHBIX ITOTO-
KOB B OTZeJie yueTa KIMeHTOB (puc. 1).
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Puc. 1. Cxema I/IHCl)OpMaLU/IOHHbIX IMIOTOKOB B OTAEJI€ yUue€Ta KIMEHTOB B Kap]l[epl/[HI‘OBOﬁ KOMIIaHUMN

AHanus JaHHOJ CXeMbI [I03BOJISET CAesiaTh BbI-
BOJl O TOM, YTO CHCTEMA COAEPKUT KOHOUIEHIIM-
aJbHyI0 MH(OpMAaLMIO, KOTOpas MOIJeKUT 3a-
mure. Takast mHGOpMAIMST BKIIOUAET B Ce0ST Kak
TepcoHa/ibHble MaHHbIEe, TaK UM KOMMeEpPUECKYIO
TaliHy.

OIHMM U3 OCHOBHBIX IPOLIECCOB B paboTe OT-
Iela yuyeTa KIMEHTOB SIBJISIETCSI ITpollecc obpa-
060TKM 3aKa30B. Mopesb 3allUThl HAHHOTO IIPO-
mecca npeacTtaBiaeHa Ha puc. 2. s mocTpoeHus
MoJeny 6bUIO MCIOJb30BAHO MHCTPYMEHTAIbHOE
cpencTtBo Bizagi Modeler, peanusyioliee sSI3bIK MH-
nycrpuanbHOro moaenvpoBanyus BPMN 2.0.

Vi3 Mmomenu BUOHO, YTO OT KJIMEHTA ITOCTYIaeT
3aKas, IOCjIe Yero MesKyPHbBIi CIIelaNICT BbITOJ-
HSIeT ayTeHTUOUKAIINIO B ONTePalIOHHO cucTeMe
cBoero pabouero mecra. Takas ayTeHTUDUKALIMS
SIBJISIETCST OMHOMAKTOPHOI TAapOIbHOI, UMeoIet
CJIeTyIoNIe OCHOBHbIE HEOCTATKM: HAIEKHOCTb
3aIIMUTHl 3aBUCUT TOJBKO OT CJOKHOCTM 3aaH-
HOTO ITapoJIst; TIapoJib JIETKO B3JIOMAaTh Iepebopom
(6pyTOM); HEOOXOAMMOCTh 3aIIOMMHATh U 3aIly-
CBIBAThH M1apPOJIb, €CJTV Ha HECKOJIbKUX pecypcax Uc-
MTOJTb3YIOTCSI pasHble MapoJn.
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Puc. 2. Monens aHanu3a 3alUThI MHGOPMAIIUK B IIpoiiecce 06paboTKY 3aKa30B

Ilocne Bxona B OMEPALMOHHYID CUCTEMY 3a-
IIMTa JaHHBIX OCYIIECTB/SIETCSI C MCII0JIb30Ba-
HMeM OeCIVIaTHOTO aAHTUBUPYCHOTO CpeICTBa
«Kaspersky». HegocTaTku HaHHOTO aHTUBUpYCA:
nepuoauYecKme JIOKHbIE CpabaThIBaHMUS, HaIU-
yye BCTPOEHHOI peKIaMbl; MOTpebieHue 60Jb-
IIIOTO KOJIMYECTBA PeCypCOB KOMITbIOTEpPA; OTCYT-
CTBME CETEBOT0 KpaHa.

COTpYIHMK BBITIOJIHSIET aHA/IN3 3aKa3a, ¥ 3aHO-
CUT JaHHbIe T10 3aKa3y B o(ucHOe MpUIoKeHMe
Microsoft Excel. HemoctaTkyu XpaHeHMUsI KOHMU-
IeHIMaIbHbIX JaHHBIX B ¢aiiax Excel: Bbicokas
CJIOKHOCTh KOJUTEKTMBHOI pPaboThl; cinabast 3a-
IIUTa, OrPAHMUYMBAIOIIASICSI TOJMbKO I1apoJieM;

Excel He uMeeT crielaabHbBIX CPeJICTB Bepuduka-
MY IaHHBIX; CJIOXKHO BBIICHUTbH, KOTHA U KeM
ObLIVY BHECEHBI U3MEHEHMSI.

Yro6bl 136€kaTh HEYNO0OCTB, HYsKHO, UTOOBI Y
opranmsauuyu 6plIM He Excel-daiinbr, a eguHas
6a3a JaHHBIX 110 paboTe ¢ KIMEeHTaMM U 3aKa3aMu.

Ecin 3akas mpuHAT B paboTy, TO MEHEIKED OT-
IleJia 1o yYeTy KJIMEeHTOB 3aITyCKaeT CBOJi KOMITb-
I0Tep U BBITIOJIHSIET ayTeHTU(GUKALIMIO B OTlepal-
OHHOJt cuCTeMe, OHA TaKXe SIBASIETCST ofHODAK-
TOPHOI maposibHOM. Cxema mopmpolecca «BbI-
MOJIHUTDL ayTeHTUdUKanuio B OC» mpencTaBiieH
Ha puc. 3.
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Puc. 3. Monens ogHodakTOpHOI ayTeHTUMKanyu B OC

IMopmporiecc IOKa3biBaeT, KakuM 06pa3om
TT0JIb30BAaTEJIb IOJYYaeT OCTYI K paboTe ¢ orepa-
LIMMOHHOM CUCTEMOJ: BbIBOJUTCS OKHO JIOTMHA U
apoJisi, M0JIb30BaTe/b BBOJUT JIOTMH M aBTOMa-
TUYECKM 3aITyCKaeTcs Ipoleaypa MuaeHTUdUKa-
IIMM, TIOTOM BBOJIUTCSI TTAPOJIb M 3aITyCKAeTCS IIPO-
1eypa ayTeHTUuMKaIMK, eC/Iv OHa MpoiiIeHa, To
I10JIb30BAaTe/Ib [10Iy4aeT ITOJIHOMOYMS ¥ IIPaBo I0-
CTyIIa K cBoemy pabouemy mecty. HegoctaTku of-
HOGMAKTOPHOJ  MApoJbHOI  ayTeHTUbUKAIUA
ObLIM TIepeurc/IeHbl BbIIIE.

MeHe[kep OT/Ies1a [0 yUeTy KIMEeHTOB He06X0-
IUMYIO MH(DOPMaLNIO, IpeijiaraeT KIMEeHTY aBTO-
MOGMIN TTOBAM30CTH, TIpeAJiaraeT JOIMOJTHUTETb-
HYI0 CTPaxoOBKy M gaysiee oGopMIIsSeT AOTOBOp 00
apeHpe.

TakuM 00pa3oM, B pes3yabTaTe IPOAeIaHHOI
paboThl ObUIM BBISIBJIEHBI CJIEAYIOIIME Hemo-
CTaTKK: OJHO(AKTOPHAs MMapojibHas ayTeHTUudM-
Kallysl; MCIIOJb30BaHMe OecIyIaTHOTO aHTUBUPYC-
Horo cpezcTBa «Kaspersky»; xpaHeHne JaHHbBIX B
(daitnax oUCHBIX TPUTOKEHUIA.

BoiBOZIBI IO paGoTe

TakuMm 06pa3oM, B pes3yibTaTe IPOjIe/aHHOI
PpaboThI ObLI BHISIBJIEH PSII HEJJOCTATKOB B CUCTEME
3alUThl MHGOpMAIIUM B mporecce 06paboTKu 3a-
Ka30B. ITO CO3JaeT Yyrpo3y YTeuKy KOHPUIAEeHIIN-
aJbHBIX JTaHHBIX KIMEHTOB areHTCTBA M CO3JaeT

Heo6X0IMMOCTb IPMMEHEHMS] HOBBIX MOJXOI0B K
aBTOMAaTU3alMK PaboOThl COTPYIHUKOB.
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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.
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XAJIBIKMH Aupgpeii IBaHOBUY
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Poccus, r. Bomkcekuii

Hayunbiii pykosodumens — K.¢p-M.H., doyeHm HzymHos Anexcandp FOpvesuu

PA3PABOTKA 1 NCCJIEJOBAHUE BEB-CUCTEMbI
IJII MHOTOKPUTEPUAJIBHOI'O BBIBOPA ITPOI'PAMM CTPAXOBAHUSA
JKN3HU OJ151 3APYBEXHbBIX TYPUCTUYECKUX ITOE310K

AHHOmMauus. B cmamuve npusedeHs! pe3yJibimamsl UCCIe08aHUli N0 Memooam paspabomxu 8e6-npuioxeHuli
8 chepe mypucmuueckoli desmenvHocmu, 8e0-cepsucos, N038OAAIOUUX 8bI0pamMp Hauboiee nooxodaujue cmpaxo-
8ble KOMNAHUU, KOMOopbie 8 HAUYYLell CIeneHu coomeemcmeym mpebosanusm no Xapakmepucmukam cmpa-
X08blX NOJII0CO8 0J1s1 OMNPABJIAIOWUXCS 8 nymeuwlecmaus. [Ipakmuueckum pe3ynbmamom uccnedosanuli a8asemcs
paspabomanHas 6e0-opueHmMupo8aHHas UHGOPMAYUOHHAS cucmema, 8eb-cepsuc no 8vl60pY ONMUMATLHIX
CMpaxoewvlx KOMNAHULL, COOM8emcmaywux 8 Hauryuuleli cmeneHu 3a0aHHbIM NOJIb308aMeNeM Xapakmepucmu-
Kam cmpaxoesix noiocos. Peaynsmamst pabomst NOKA3anu, umo paspadomartsie Memoost, MOOeauU u Npozpamm-
Hoe oOecneueHue pabomocnocobHsl, 06nadarom docmamouHo 8bICOKOIL I hekmusHoCMbIO U MOZYm OblMb UCNOJIb-
308aHbl 8 peaIbHBIX UeNax onpedesieHus npednoumenuti 0 omnpasasoWUxcs 8 nymeuecmsusl.

Knrouegsle cnoea: sed-npunoxcetue, KaueHm-cepeep, UHGOPMAYUOHHAs cucmema.

KonuquTBo 3apYyOeKHBbIX TYPUCTUUECKUX I10-
e30K HalllMX I'pakaaH, HeCMOTPS Ha IOJI0Ke-
HMe B CTpaHe, OUeHb BbICOK. B 3TOi1 CBsI3M CTaHO-
BUTCS aKTyaJIbHOII IIpo6ieMa pa3paboTKY CPe/ICTB
aBTOMAaTM3aLMK JJIsT ONITMMM3aLuM BbI6opa cTpa-
XOBOJ KOMIIAHUM B 3aBUCUMMOCTY OT 3aIIPOCOB.

It BbIe3KAIOIIMX B TYPUCTUUECKIE 3apy6Hesxk-
HbIe [T0e30KJ BO3HMKAET MHOKXECTBO BOIIPOCOB I10
CTPAaXOBBIM MOJAMCAM (TYPUCTUUYECKMM CTPAXOB-
KaM), KOMIIaHMSIM, 3aHMMAIOIIMMCSI CTPaxoBa-
HMEeM I10€3/I0K.

BosHMKaeT HeOOXOAMMOCTD MIPUBIEUEHUS CO-
BpeMeHHbIX MH(POPMAIMOHHbBIX TEXHOJIOTHUIl IS
aBTOMAaTM3alMy IIpoliecca BbIOOpa, CO3MaHUS aB-
TOMAaTMU3VPOBAHHONM CUCTEeMBbI ¢ 62301 JaHHBIX U
yIOGHBIM MHTepdeiicoM IT0JIb30BaTeIeli, KOTOpast
aBTOMAaTHU3MPYET Mpollecc BIOOpa Ha OCHOBE KPH-
TepueB II0/Ib30BATENISI M YUTET, KaK IOXKeJaHUs
KJIMEHTa, TaK U MPeaJIOKeHNsI Ha PhIHKE CTPaxo-
BBIX YCJIYT.

KonmuecTBO BO3MOKHBIX 3aITPOCOB IO ITOUCKY
MTOAXOSIINX CTPAXOBOK MOKET OBITh TOBOJBHO
OOJIBIINM U JOCTUTATh 3HAUEHUIT B COTHU KpUTe-
pueB Toucka. s o6yierdeHust STOro 6OJbIIOro
BbIOOpa HeOoOXOAMMa aBTOMATU3MPOBAHHAS CU-
cTeMa MHOTOKPUTEPUAILHOTO BbIGOpA OIMLMIA
CTPAXOBOK JJISI 3apy6eKHBIX TYPUCTUUECKUX ITOE3-
Iok. Takag cucTemMa [0/IKHA BIOpATh U3 MHOXKe-
CTBa OMIIMI CTPAXOBOK Ty, KOTOPast COOTBETCTBYET

MOTPe6GHOCTSIM BbIe3Kalliero 3a pybex. B maH-
HOJi CTaThe IMOAET peub 0 pa3paboTKe OOHOI 13
TaKMUX CUCTEM.

CepBUC MHOTOKPUTEPUATBHOTO ITOMCKA IOJI-
>KeH 0XBAaTbIBATh MHOXXECTBO pa3HbIX KOMIIaHUI U
MHOXXECTBO XapaKTePUCTUK CTPaxOBOK. B pesyiib-
TaTe Yero Mbl MPUXOIUM K BBIBOITY O HEOOXOMMO-
CTM CO3[IaHMSI aBTOMATU3MPOBAHHOI MHbOpMa-
IIMOHHOV CUCTEMBI C 6a30if JAHHBIX U YIOOHBIM
mHTepdelicoM Tonb30BaTeNeN, KOTOPask aBTOMa-
TU3UPYET IMPoIiecc BbIOOPa Ha OCHOBE KPUTepUEB
MOJIb30BaTeS U YUTET, KaK MoKeJaHusl KIMeHTa,
TaK ¥ TIpeJIosKeHNs TI0 XapaKTepuCTUKaM CTpaxo-
BbIX TIOJINCOB KOMITaHMII Ha PBIHKE CTPaXOBBIX
YCITYT.

ABTOMaTM3MpOBaHHAs CMUCTeMa BblboOpa CcTpa-
XOBOK [IO/DKHA MPeAOCTaBJATh OJHOBPEMeHHbI
IOCTyll MHOTMM TIOJIb30BaTeNsIM, a 3HauMUT
Io/sKHA 6a3uMpoBaTbCs Ha  BeO-TEXHOJIOTMSIX.
Yrto6bl pacrio3HaBaTh II0JIb30BaTesell cucrtema
IOJKHA 06/1a7aTh QYHKLIMOHAIOM PErMCTpalum u
aBTOPM3alLMU IT0Jb30BaTeNeN.

CucTema J0/KHA TTPOM3BOIUTD MMOUCK HA COOT-
BETCTBME TPeOOBAHMIT KIMEHTA XapaKTePUCTUKAM
CTPaxOBOK KOMITaHMUIi C 1[e/TbI0 HauOOJIbIIEr0 COB-
MajgeHus] XapakKTePUCTUK U COCTABSITh PENTUHT
COOTBETCTBUS, MO3BOJISIIONINI KIMEHTY BbIOPATh
13 TaKOTO 3aK/II0YeHUS] CUCTEMbl OKOHYATEebHbIA
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BapuMaHT Wi Hanboee IPUOGIMKEHHBIX BapUaH-
TOB K TPe6OBaHMSIM I10/Ib30BaTE.

Cucrema JO/KHA IPENOCTABIATh (PYHKLIMM
yIOOHOTrO OGHOBJEHMSI NaHHbIX B 6ase MaHHbIX
IIJI1 aIMUHUCTPATOPA CUCTEMBI.

Yro KacaeTcs uHTepdeiica Moab30BaTeNII-KIn-
€HTa, TO B CMCTeMe MPUHSITa KOHLEIINS MOIIaro-
BOI'O aJalTMBHOIO OIMpOCa I101b30BaTeNs B COOT-
BETCTBUM C TUIIAMM, BUSAMU U XapaKTEPUCTU-
KaM} CTPaxOBOK, 3aJ0KeHHbIMM B 6a3y JaHHbIX
CUCTEeMBbI. DTM JaHHble HAKAIIMBAIOTCI B 6ase
IaHHBIX CUCTEMBI JJISI TOC/IeIyIoleii 06paboTKu 1
ompeneseHus] 3aK/IIUYEHMS CUCTeMbl 0 OITHM-
MaJIbHBIM BapMaHTaM, peiiTMHIaM KOMIIaHUIA, CO-
OTBETCTBYIOLIMM TPe6OBaHMSIM I10JIb30BaTeIs.

Onas peanus3alyuy TaKOro BeO-TIPUIOKEHUs
OBLIM pellleHbl CJIeAyIoNI/e 3a0aun:

Bxon B cHCTeMy )
'

Pernctpanms
ABTOpH3aIHA ”

—  paspaboTaH BeG-MHTepdEiiCc TPYIIIT MOJIb-
30BaTesiell — 3aperMCTPUPOBAHHBIX TIOJb30BaTe-
JIeit M afMUHUCTPATOPa CUCTEMBI;

—  BbIOpaHbBI MPOTPaMMHbIE CPEJICTBA, SI3bIKK
MIPOTPaMMMPOBAHMSI, CUCTEMBI YIIpaBIeHuUsT 6a-
3aMM JAHHBIX [JISI peaan3alnuy MpoeKTa;

—  paspaboTaHbl TpeboBaHMSI K BeO-ITPUIO-
SKEHUIO;

—  OTMCaHbI AJITOPUTMBI PAOOTHI CUCTEMBI U
peanM30BaH IPOrpaMMHbIN KOI;

—  IIPOTeCTUPOBAHO Be6-TIPUJIOKEHNE,
BK/IIOUaloliee 6a3y MOaHHBIX CUCTeMbI M TIPO-
rpaMMHOe obeclieueHue, peannsyioliee BeO-UH-
Tepdeiic Moab30BaTeNell CUCTEMBI.

Kaxkaplii monb30BaTe/ b perUCTPUPYETCS B CU-
creme. ITociaemoBaTeNbHOCTh PAGOTHI IMOJIb30BA-
TeJIsI C CUCTeMOJ TIpeicTaBjieHa Ha puc. 1.

Baza naHHBIX

[TpoxoxIeHHe ompoca
II0 XapaKTepHCTHEAM |,

[TpocMOTp pesyasTaTa

BRIBOIA CHCTEMBI M

r
[TpocMoOTp BCeX CEOHX
OTEETOE .

r
TTpocMOTp JAHHBIX MO
XapaKTepHCTHKaM |,

CTpaxoBOK

3JageplieHHA: \_
_/

Puc. 1. ITociegoBaTeibHOCTb PAbOTHI ITOJIL30BATEJIEN C CUCTEMOT

Cucrema BbIZIaeT MEePBbIit pa3aes orpoca, IpecTaBlIeHHbI Ha puc. 2.
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1. BHOBLI TYPHCTHYECKIMX ITOE3TOK

1.1 TInasueif OTABIX Ha Bepery Mops ma Orer O
1.2 TMoesrH ¢ OeIBI0 SECKYPCHIT II0 TOPOZan moa Caer O
1.3 AKTHBHBI® TYPHCTHYSCKHE MY TEMECTEHS 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 YuacTHe B COPEBHOBAHHAX na Cmer O
1.5 IyTemecTEAe Ha SETOMOOHE ma Dmer O
1.6 IlyTemecTEHe DepeMeHHBIX ma _waer O
1.7 Opyrue suast 1 na Onet O

Puc. 2. TlepBslit pa3men ormpoca

3aTeM I0JIb30BaTEe/lb IEPEXOOUT K CIEOyIO- ero MHTepecyeT MeAuIIMHCKAas CTpaxoBKa (puc. 3).
1eMy pasjeny, NoATBepXaas, YTo

3KCNEPTHAA CUCTEMA MO NMNOUCKY
ONTUMANIBHOTO CTPAXOBOIO NOJIUCA

O MPOEKTE HAYATH JAKIHOYEHHE EXOJ | PETHCTPAITHE
OnorPoC CHCTEMBI

BAIIH OTBETEI IIPHHATLL H COXPAHEHBIL
CHEOVIOUIAA I'PYTITNA BOINMPOCOB

CHEVIOLAS TPYITILA OTNUMHA CTPAXOBOTO ITOJHCA
2. MEJUIHHCKHIT CTPAXOBOR ITOIC A ® HETO

| NOATBEPAWTL OTBET

Puc. 3. [Tonb3oBaTeb IIoaTBep>XaaeT MHTepeC K Me,ZU/ILU/IHCKOﬁ CTpaxoBKe



AKTYyaJbHbIe UCCIeJOBAHUS ¢ 2023. N223 (153)

WHGOPMalOHHbIE TEXHOJIOIUH | 81

Koudurypaiiust oTBeTOB MpefcTaBjieHa Ha puc. 4.

2.1.1 Crpaxosas cyyua 20-30000 espo
2.1.2 Crpaxosas cymuma 30-50000 eepo

2.1.3 Crpaxospas cymua 50-100000 espo

2.8.1 AsTomobmTeM
2.8.2 CaMoneToM

2.8.3 Bepronetom

CIEOYVIOIIAA TPYTIIIA BOITPOCOB

2. MEJULIMHCKN} CTPAXOBOI ITOMIC

2.1 MeIAIHHACKAA CTPAXOBKa (CTAHIAPTHEIA MAKeT)

2.8 MeanuHHCKaA TPAHCTIOPTHPOBEA

2.9 DKcTpeRHad CTOMATOIOTHA

CNEAYVIOWWIT FA3AEN

aa ®ner 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

Puc. 4. Onuum cCTpaxoBKU, OTMeUYaeMble M0JIb30BaTe/eM

B pesyibTare cucTema BbIZACT COOGILEHME, UTO
OIpOC TPOIIEH M MOXKHO YBUIETh 3aK/IIOUEHIE
CUCTEMBI II0 BBIGOPY ONTHMAJbHBIX BapMaHTOB

Cucrema BBICTpOMJIA KOMITAHUY TI0 PENTUHTY,
COOTBETCTBYIOIIEMY HauOOJIbIIEMY YMCITY COBIIA-
IleHUI KpUTepues.

CTpaxoBbIX KOMMaHmit (puc. 5).

w3
'

]

M“A‘
oS =

O IIPOEKTE

p—— . A

SKCNEPTHAA CUCTEMA MO MNOUCKY
ONTUMAJIBHOIO CTPAXOBOIO NOMUCA

HAYATH JAKIIOYEHHE

OIPOC CHCTEMBL

PEHTHHI'H COOTBETCTBHH OTBETOB TPEBOBAHHAM

Ko HamumenoBahne — CHHEOK Kol-Bo PeiiTuHr Kon-eo PelitHAr Kon-Bo PeiiTHHT Kol-Bo Peiitaar
KOMI2HHH OTEETOR Haumbonee | HammOonlee XapaKTepHEIX XapaKTepHBIX MNOFXOTAMEX |[OAXOASHEX | MATONOAXOASIIEX MATONOAXOAMIIHY
NOIB30BATENS KDHTEDHEE | KpPHTepHEB KPHTEpHER KpHTEpHEB
KPHTEPHSE | KPHTEDHEE  KDHTEDHEE  KpDHTepHEE % %
% Y
2 ETE 14:1.4.4; 3 75 3 60 1] 0 0 0
Crpaxosamme | 21:2.13;

LIS 3 s 1 25
283;

14;2.1;28; |3 75 1 25
283;

8  Pocrocerpax

i Crpaxonoi
mom BCK

Puc. 5. 3aK/IoueHye CUCTEMbI

CucTeMa HAaxXOOUT COOTBETCTBMUS TpeboBa-
HUSAM, BBIPaKEHHBIM B OIPOCAX, ¥ HAXOAUT DS
COOTBETCTBYIOIIVX KOMITAHMI4, BBICTPAMUBast UX T10
PEATUHIY COOTBETCTBUS 3aIIPOCOB XapaKTePUCTH-
KaM CTPaxOBbIX MTOJIMCOB KOMITaHMIA.
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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.

Keywords: web application, client-server, information system.
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MEJUIIUHA, PAPMAIU A

T'EPACUMOBA Huna JIMmurpueBHa
KIMHUYECKUI OpaMHATOpP,
OpeHbYprckuii rocyaapCTBEHHbBIN MeOUIIMHCKMI yHUBepcuTeT, Poccust, r. OpeHOYypr

KOYKHWHA Hartanbss HukonaesHa
K.M.H., IOIIeHT Kadeapbl TepareBTUIECKOi CTOMATOIOTUM,
OpeHbyprckuii rocyaapCTBEHHbBIN MeOUIIMHCKMI yHUBepcuTeT, Poccust, r. OpeHOYypr

OB30P U3MEHEHUI C/IM3MUCTOM OBOJIOYKU ITOJIOCTU PTA
ITPY HONIIEHWU CPEJICTB UHIVBUIYAJIbHOM 3AIINUTHI

AHHOmMauus. B cmamee nposedeH aHanu3 0aHHblx U3 36 omeuecmeeHHbsIX U 14 3apybexcHbIX UCMOUHUKO8 JU-
mepamypst 3a 2015 — 2022 20061 0 61UAHUU HOWEHUS CPedcme UHOUBUJYAIbHOTI 3aujUmMbl HA COCMOsHUE 300pP08bs
MeOUYUHCKUX pabomHUKO8, Umo 8bI8UI0 Hedocmaroujue daHHble o OaHHoOLl npobaeme u daem 0CHOBAHUE NPoase-
CMu KCnepuMeHmanbHole UCC1e008aHUS, KOMOPble, B03MOXCHO, N0360J11M onmumusuposams cmpykmypy CHU3,
Heo0x00uMbix 0711 NPOPUIAKMUKU PA3NUUHBIX 3a607e8aHULL, 8 MOM YUCIe, MUKPOOHOL 3muosozuu.

Kntouessie cnoea: cpeacmsa l,lHal,lGl,layaﬂbHOﬁ 3awjumel, causucmas 0000uKa noaocmu pma, dvixaxue.

BBenmenmne

OnHUM U3 BaKHENIINMX HarpaBieHuit mpodu-
JIAKTUKM TIpodecCroHaTbHO-00YCIOBIEHHBIX 3a-
6oseBaHUIT MEAUIIMHCKUX PAOOTHUKOB SIBJISIETCSI
NpUMeHeHue CPefCTB MHIAVBUIAYATbHON 3alIUThI
(CU3). OgHako B HACTOSIIIee BpeMsi B HAyIHO Ji-
TepaType ONyOJMKOBAaHbI HEMHOTOUMCIEHHbBIE
KIMHMYEeCKMe naHHble o BausgHuu CU3 Ha 3m0po-
Bbe MeIUIVHCKMUX PabOTHUKOB. Ilesbio Hamelt pa-
60Thl OBUIO MPOBECTM aHAIM3 CBEOEHMIT oTeue-
CTBEHHO U 3apyOeXKHO TUTEPATYPhI O BIUSIHUU
HOILIEHUSI CPefCTB MHAMBUAYAAbHOM 3alUThl Ha
OpraHu3M ueJjioBeKa.

OOBEeKTHI M METOIbI

B cTaTbe 6bUIO MCIOMB30BAHO 36 OTEUECTBEH-
HBbIX U 14 3apy6GeKHBIX MCTOYHUKOB JIUTEPATYPhI
3a 2015-2022 rogbl 0 BAMSHUY HOIIEHUS] CPENCTB
UHOUBUAYAJIBHOI 3alllUThI HA COCTOSIHME 310pO-
BbSI MEIUIIMHCKNX PabOTHMKOB. BiusHue Bo3meii-
ctBust CU3 6bIJI0O pacCMOTPEHO CO CTOPOHBI Od-
TaJIbMOJIOTUUECKUX, AepMaToJIOTUUeCKUX, remMa-
TOJIOTUYECKUX, ITYJIbMOHOJIOTUUECKUX, Iledannye-
CKUX U aKe IICUX03MOLMOHAIbHBIX ITPOSIBIEHUIA.

Pe3ynbTaThl M UX 00CYKAEHNE

[To maunbeiM bapynnuHoii A. E. ¢ coaBTopamu [1,
c.11-12] yacToTa BCTpeUae€MOCTY TOJIOBHOI 6OJU Y
JUI[ C TIOCTOSHHBIM MuCMHojab3oBaHuem CU3

cocraBwia 32,0% mpu 4acTOTe T'OJIOBHBIX OOJIeji
MeHee 2 pa3 B Mecsll, 66,9% npu yacToTe OT 2 10
15 pa3 B mecsi; y 80% nuil, AJiMTENbHOCTb ITIPU-
CTYyIIa FOJIOBHO¥ 601 cocTaBuiia oT 1 1o 3 u. U3y-
yeHMe CHMKEHUS TIOBCEAHEBHOV aKTUMBHOCTU
MMPOAEMOHCTPUPOBAJIO, UTO Y 92% peCcIrOHAEeHTOB
OTMeYaJICh 3HAUUTEe/IbHOe CHMKEeHMEe aKTUBHO-
CTY ¥ CKJIOHHOCTD K CHYDKeHMIO (hOHA HACTPOEHMS.
ITpn aToM TONMBKO ¥ 21,81% OMpOILIEHHBIX HE BO3-
HMKaJja ToJ0BHas 60/b. BhIIO BBISIBIEHO, UYTO 60-
nee 78,7% MenpabOTHMKOB MMeJTI TOJIOBHbIE 60U
pasHo¥ CTeneHy BhIPaKEHHOCTY B TeueHue pabo-
Yyero JIHS M 3TO KOPPeaupoBasIo C IJIUTETbHOCTHIO
HomeHust macku u CU3. IIpu aTom dbusmuueckoe u
TICUXuyeckoe COCTOSIHME MeIUIIMHCKOTIO Iepco-
Haja 6Gosee uyeM B 62,7% cilyuyaeB yXYOIIaJIoOCh
BCJIEICTBME TIOSIBJIEHMSI TOJIOBHBIX 60JIeil, yacToTa
KOTOpBIX BapbMpoBasia oT 2 10 15 pa3 B mecsil,.
banosckuit 10.10. ¢ komteramu [2, ¢.136-142]
MUIIYT, YTO, BO-TI€PBBIX, JOTIOTHUTEbHOE PeCIy-
paTopHOe COMPOTHUBIIeHNe, BO3HMKAlOIIee TPy MC-
MOJIb30BaHUM CPEeACTB MHANBUAYATbHON 3a1IUThI
OpraHOB JIbIXaHMs, OKa3bIBaeT BAMSIHME HA MOKa-
3aTenu 6esoii KpoBU. Bo-BTOPBIX, M3MeHEHMUS 110-
KasaTeJieil JIeIKOrpaMMbl 3aBUCSIT OT MPOJOJIKA-
TeJIbHOCTY BO3JIEeMCTBUSI CPENCTB MHAMBULYAIb-
HOJM 3alIUThl OpPraHOB [ObIXaHUS. B-TpeTbux,
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MpUMeHeHue pecnupaTopa B TeUeHUe 3-X MUHYT
BbI3bIBAJIO YMEHbIIIEHME YMCIIa JIEKOLIUTOB, Ipe-
MMYIIEeCTBEHHO, 3a CUeT CHIDKEHMS KOJMYeCcTBa
HeNTpOhUIOB ¥ MOHOIIUTOB. B-ueTBepTHIX, MPU-
MeHeHMe peclupaTopa B TeueHue 18 MUHYT co-
MPOBOXKAAIOCh MOBBILIEHMEM YMCJIA JIEKOLIUTOB
C YBeJIMYEHMEM UMCJIa HEATPODUIOB M MOHOIM-
TOB, a TAaK)Ke YMeHbIlIeHNeM COJlep>KaHUsI 3031HO-
unos.

B To ke Bpems I'puimienko A. H. u Mere-
Hell M. A. [3, c. 179-180] BbISICHWIN, YTO HOLLIEHNE
MeIULMHCKOM Macky He BIMSET Ha caTypaluio
KpPOBM, TaK KaK CpefHMe 3HaueHMs] caTypauuu u
YyacToTa cepaeuHbix cokpaieHuit (YCC) mo Hoiie-
HUSI MeAUILIMHCKOM MacKy COCTaBASIOT 96,46% u
84,53 ym/MMH COOTBETCTBEHHO, UYTO COOTBET-
cTByeT HopMe. CpeiHee 3HAUEHME caTypaluy CIIy-
CTS Yac HOIIeHMSI MacKu OCTaeTcs Ha IpeskHeM
YpPOBHe, a UMeHHO 9,46%, a UYCC — He3HAaUNTEeIbHO
CHIKaeTcs 1o 78,73 yao/MUH — HOpMaJIbHbIN Oyua-
ma3oH. [Ipy cpaBHEHUM ABYX BHIOOPOK 3HAUEHUS
YPOBHS 3HaUMMOCTH 11 caTypauuy 1 UCC paBHBI
0,972 u 0,191 CcOOTBETCTBEHHO, KOTOpbIE SIBJISI-
1orcs Boie 0,05, T.e. KpUTEPUil HE3HAUMUM.

I'yp6buu E. B. [4, ¢.85-87] ¢ coaBTOpamu BbI-
SIBUU BbIpaskeHHble KPATKOCPOUHBIE MPUCIIOCO-
OuTeNbHBIE peaKIMM [bIXaTeNbHON CUCTEMBI,
MpUBOASIIME K U3MEHEeHUSIM MoKa3aTesieit BHeIl-
Hero [ObIxaHMsl, TOJBepramwliyuecs BOCCTaHOBIe-
HUIO U [OJIUTe/IbHble M3MeHEeHMs, TMOBbIIIalole
yTpeHHMe nokasateny OB/l 1o Hauasa UCIOAb30-
BaHUsI MEeOUIIMHCKOI MacKH, YTO JejiaeT ee UC-
M0JIb30BaHMe MeHee 3aMeTHBIM [J151 OpraHu3ma.

Hopxuesa [I. 0. [5, c. 65-69] ¢ Ko/uteramu oT-
MeyvaloT Hajuuye He6IaronpusTHBIX KOXKHBIX pe-
aKkiuii Ha HOILlleHMe MaCOK: KOHTAaKTHbBIN JepMa-
TUT, aJJleprUUecKuii 1epMaTUT, YTPU U KOHTAKT-
Hasl KpanMBHUILIA.

3HameHckas U. A. ¢ coaBTpamu [6, c.127-131]
OTMEeTW/IU, YTO TPU HATUUYUM MACKU 4aCTOTa AbI-
XaHUSI OKa3bIBaeTcsl Ha 4-5% BbIllle, YeM B ciydae
IbIXaHus 6e3 MacKu.

Kanuos B. A. u UupkuH A. B. [7, c.2-6] yTBep-
SKIOAIOT, UTO NEeKIapupoBaHHasl BbICOKas s¢dex-
TUBHOCTb CPeICTB MHAVBUAYATbHOM 3al[UThI Op-
raHOB JIbIXaHMS 3a4acTyl0 He KoppeaupyeT C TaH-
HbIMM O 3260/IeBa€MOCTM, HE COOTBETCTBYET CO-
BpPEMEHHOMY YPOBHIO MUPOBOJ HayKU U 0OOCHO-
BaHa HEKOPPEKTHO.

Kubunma E. B. u Benas E. C. [8, c.424-425] BbI-
SICHUJIM, UTO, Ha 1 cM? OBEPXHOCTM KOKM JIMIIa Ha
yJyacTke C HOIlleHeM MeAUIIMHCKOM MacKu mpu-
xoputcst 0,2 KOE Staphilococcus aureus, uto B 5,5
pasa HysKe yeM Ha 1 cmM? TOBEPXHOCTY KOKY JIUIIA

Ha yJacTke 6e3 HOUIEHUS] MeIUIIMHCKON MaCKMU.
TakuMm o6pasom comepskaHue Staphilococcus
aureus OT OOIIEro ymcjia MMUKPOOPTAaHM3MOB Ha
TTOBEPXHOCTY KOXKM JIMLIA Ha YYaCTKE C HOLIEHUEM
MeOUIIMHCKOM Macku coctaBuiio 0,24%, uto B 8,9
pa3 HXKe IO CPaBHEHMIO C TIOBEPXHOCTBIO KOXMU
JUIa Ha y4yacTKe 6e3 HOIIEHMUS MeOULIVMHCKOM
macku. [Ipu usyueHun ¢hopm KOJIOHUIA, U B 30HE C
HOIIIEHVeM MacKy, ¥ B 30He 06e3 HOIIEeHNUSI MacKu
Ob1I0 06HapysKeHO 1o 4 R-komoHun. ITpu okpacke
no 'pamy B mepBOM Cjyyae BCTPEUYaJIUCh KakK
IPaMIIONIOKUTENbHbIE, TaK U IPaM-OTpULIATENb-
Hble MMKPOOPraHU3Mbl, & BO BTOPOM CJIyyae BCe
OHM OKa3a/ICh TpaM-OTPUITATETbHBIMMA.

Kypoemos A. B. ¢ xomneramu [9, ¢. 519-526] B
pesyJibTaTe MPOBELEHHOr0 UCCAeS0BaHUS CBUTe-
TeIbCTBYIOT 00 OTPUIATETbHOM BIVSIHUY Pa3ind-
HbIX CM3 opraHoB AbIXaHUS U 3pEHMS, UCIIOIb3Y-
e€MbIX B MEAMIMHCKON TMpaKkTuKe, Ha QyHKIMO-
HaJIbHbIe TTapaMeTphl CJe3bl, B YaCTHOCTYU Ha I0-
KaszaTelb CyMMapHON ClIe30NponyKuuu. Y Jul,
MCIIO/NBb3YIOIIUX BbIIEyIIOMsHYTble CU3, yMeHb-
1eHue pe3yabTaToB TecTa lllupmepa [ K KOHILY pa-
60yero gHs coctaBmio 20-25 % OT MCXOHbBIX 3HA-
YyeHUil He3aBUCUMO OT HaaUuus TPaAULIVMOHHBIX
daxropos pucka CCT.

Jlyuenko A. H. [10, c. 499-502] B pesyibTaTte
aHa/In3a MoJyuyeHHbIX M3MepeHUt yCTaHOBWII, UYTO
caTypalus py UCIoIb30BaHUM CPeICTB UHAVBU-
JyaJbHOM 3alUThl OPraHOB JbIXaHUSI CHMUKAETCS
Ha 1,5-2% nHapspgy c yBenuueHuem Iyjabca Ha 5-
10%.

Maxkoron C. U [11, c.42-48] ycTaHOBWI, 4TO
CH3 opraHOB [ObIXaHMSI OKa3bIBAIOT OTPUIATE/Ib-
HOe BO3[eliCTBMe Ha [ToKa3aTe/n CYMMapHOIi cie-
30IIPOAYKIVH.

Heg3opoBa A. B. ¢ komneramm [12, c. 46-48]
MPOBEJIM aHaIM3 0006IIeHHBIX PE3Y/IbTATOB Kaue-
CTBEHHOTO aHa/IM3a OLEHKM YPOBHS IICUX0DMU3MO0-
JIOTMYECKMX KaueCTB BOOUTENEN B 3alIUTHBIX JIU-
LIeBbIX MaCKax U BBISIBUIM CHMKEHYE YPOBHS KOH-
LIeHTpauuy BHMUMaHuUs Ha 69 %

ITymosckas [13, ¢. 67-71] ¢ coaBTOpaMu OTMe-
YawT, YTO YXyAllleHMe AbIXaHUs U3 BCEX OIpO-
IIEHHBIX UYBCTBYIOT 60jiee MOjoBUHBI (55,2%), v
48,3% OmpOIIeHHbIX IMCKOMGOPT BhI3BIBAIOT pe-
3MHKM OT MeJMUIIMHCKMX MAacoK, KOTOpble HaTu-
paloT yIIM, HOIIEHME MAcKM BbI3bIBAeT akHe Yy
34,5% ompolieHHbIX. 58,6% OTMETWIN, UTO UyB-
CTBYIOT 3aTpyIHEHMeE MMPU HeBepOaTbHOI KOMMY-
HUKauuu. 37,8% YYBCTBYIOT TICUXOJIOTUUECKUIA
IuckomopT.

lllep6akoB A. U. ¢ xo/teramu [14, c. 224-234]
MPeToNOXWINM BO3MOXHOCTb DPa3BUTUS OTeKa
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CJIM3UCTOI TIOJIOCTY HOCA ¥ CMMITTOMOB, CXOKUX C
aJyIepruyeckum puHUTOM (AP) y TeX, KTO BbIHYXK-
IleH TIOCTOSTHHO HOCUTDb MacKy. Ko Bcemy rpouemy,
MTOCTOSTHHOE HOIIIeHMEe MAacKM YCYTyOJsIeT W/Vin
MCKaKaeT KIMHUYECKYI0 KapTUHY y JIomeit c
cumnToMaMmu AP, UTO MOKeT 3aTPYLHUTb AUarHo-
CTUKY.

Sachdev R. ¢ xomnmeramu [15, c.759] ycrano-
BWIU, YTO GOJIBITMHCTBO MUKPOOPTaHM3MOB, BbI-
IeJIEHHBIX U3 MCITOMIb30BAHHOM XUPYPTrUUECKOit
MacKu, 6bIIM MOTEHIMAAbHO MaToreHHbIMu. O6-
IIee KOJMYeCTBO OAKTEPUIl C TUIIEBOI MaCKU CTO-
MAaToJIOra U C 3aTrPsSI3HEHHBIX TTIOBEPXHOCTEN B CTO-
MaTOJOTUUEeCKMX KIMHUKAX coaepskano 42% BU-
IIOB CTPEIITOKOKKOB, 41% cTadmIoKOKKOB u 17%
rpaMOTpULIATETbHBIX 6aKTEPUIL.

Gund M. c coaBTopamu [16, c¢. 3173-3180] ripo-
BOAMJI M3ydyeHMe GaKkTepuasbHOM 06CceMeHeHHO-
ctu CH3 Bpaueii CTOMaToOJIOTOB BO BpeMs mpela-
PUPOBaHMS C BHEIIHE! CTOPOHBI MacKM B X0OJI€ KO-
Toporo pop Staphylococcus rmokasana Han6oJbITYIO
pacIpoCTpaHeHHOCTb. M3 3TOro poja BUIBI
Staphylococcus  epidermidis, Staphylococcus
capitis, Staphylococcus hominis, Staphylococcus
aureus, Staphylococcus saprophyticus,
Staphylococcus warneri, Staphylococcus caprae u
Staphylococcus pettenkoferi o6HapykuBarTCs C
yMeHbIlalIeincs 4actoToit. 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) 1 Strydomonas Takxke ObLIU
obHapykeHbl C HECKOJIbKUMM Bumamu. Jpyrue
Buabl (Acinetobacter pittii, Aerococcus viridans,
Aspergillus versicolor, Dermabacter hominis, En-
terococcus faecalis, Haemophilus parainfluenzae,
Rhodococcus erythropolis, Sphingomonas sp.,
Streptomyces sp.) 0OHapYKMBaINCh CIIOpaguye-
CKM. MacKky U TepuaTKu, KOTOpble ObUIM B KOH-
TaKTe ¢ MacKaMM, II0Ka3aju COMOCTaBMMbIe MUK-
pOGHBIE 00PA3IIbI C MEHBIIIE! YaCTOTOI BCTpeyae-
moct BumoB. Taxke Staphylococcus spp.,
Streptococcus spp. u Bacillus spp. JOMUHUPYIOT.
BaskHO OTMETUTB, UTO B TpeXx o6pasiax: ABYX JIN-
LIeBbIX MacKax ¥ OJHOJ JieueGHOI ITepuaTke, ObUT
ob6HapyskeH S. aureus.

3akioueHue

MeguuyHCKye pabOTHMKM, IPU3BAHHBIE CO-
XPaHSITDb U IIPOJJIeBATh aKTUBHYIO KM3HEIesITeb-
HOCTb U€jIOBEKA, CaMM MMEIOT BBICOKME IMOKa3sa-
Tenu obuieit u npodeccroHaIbHOM 3a601eBaeMo-
ctu. Ux mpodeccroHambHas AesITeTbHOCT, CO-
MIPSDKEHA C eKeJHEBHBIM KOHTAKTOM C pasyiny-
HbIMM (paKTOpaMy MHMEKLMOHHO 1 HeuH)eKI-
OHHOI1 TIpupoabl. HollleHne Macok, SIBASIACh 00sI-
3aTeJIbHbBIM aTPpUOYTOM JeATeTbHOCTU MeapaboT-
HUKOB, MOXKET, TI0 JAHHBIM JCCIeA0BaTee, pu-
BOAUTDb K HEGIATOTPUSITHBIM M3MEHEHUSIM COCTO-
SIHUSI TIOJIOCTM PTa. ITOT BOIPOC TpebyeT Hajb-
HeJIIero U3yyeHus U MPOBEJEHUS IKCIIEPUMEH-
TaJbHBIX WUCCAEIOBAHUIM, KOTOpbIE, BO3MOKHO,
MMO3BOJISIT ONTUMM3UPOBATh CTPYKTYypy CU3, He-
00XOIVMBIX IJIsSI TPOMWIAKTYKY Pa3IMIHbIX 3260-
JIEBaHMIA, B TOM YKCIIe, MUKPOOHO STUONIOTUMA.
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OVERVIEW OF ORAL MUCOSA CHANGES
WHILE WEARING PERSONAL PROTECTION EQUIPMENT

Abstract. The article analyzes data from 36 native and 14 foreign literature sources for 2015-2022 on the impact
of wearing personal protective equipment on the health of medical workers, which revealed the missing data on this
problem and gives grounds to conduct experimental studies that may allow optimizing the structure of PPE neces-
sary for the prevention of various diseases, including microbial etiology.
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CTyAeHTKa, YyBaliCKuii rocyiapCTBeHHbI yHuBepcuTeT umenu U. H. ViibsiHOBa,
Poccus, r. Yeb6okcapsl

AHATOJIBEBA l'annna BanepbeBHa
CTyAeHTKa, YyBaliCKuii rocyiapCTBeHHbIV yHuBepcuTeT umenu U. H. VibsiHOBa,
Poccus, r. Yeb6okcapsl

HayuHutii pykosodumens — KaHoudam meouyuHcKux Hayk AHucumosa TamovsiHa AHAMONbe8HA

VNHBA3VBHASI MEHVHI'OKOKKOBASI NTH®EKIINA

AHHOmMauus. MHea3usHas meHuHzoKokkoeas uxgpexuyus (MMH) npedcmasnsiem coboii npobiemy obujecmeeH-
HO020 30pasooxXpaHeHust u 8edyulyo npuduHy 3aboiesaemMocmu u cMepmuHocmu 80 ecem mupe. UMHU moxcem npo-
meKkamsp Kak aHoemuueckoe 3ab0iesaHue co CNOPAaAoUUECKUMU CYUassMU Wi KaK SNUOeMuUll co 8CNbILUKAMLUL

Kntoueenle cnoea: UH8A3UBHASI MEHUHZOKOKKOBAS LlHdJEKlﬂlﬂ, JHOemuueckoe 3060]1660HU€, BHMaEMUH, cvepm-

HOCMb.

AKTyalbHOCTD

ITpo6ieMa pacIpoCTpaHEHUsI MEHMHTOKOKKO-
BOil MHQEKIMM OCTAaeTCsl aKTyaJbHOM BO BCEM
Mupe. ITO 06YC/IOBIEHO TPYAHOCTSIMU STTUIEMUO-
JIOTMYECKOT0 HaJ30pa, 1ab0opaTOPHOro KOHTPOJIS,
CEepoJIOrMYecKoil pa3sHOPOIHOCTbIO BO3OYIUTEIIS,
MHOro00pasyeM MCTOYHMKOB MHMeKUMu U MH-
TEHCUBHBIMM MUTPALIMOHHBIMM TIpolieccamu [1,
c.53]. XapakTepHOi 0COGEHHOCTHIO TEUEHUSI Me-
HMHTOKOKKOBOW WMHMEKIMM SBISIETCS BBICOKUIA
PUCK Pa3sBUTUS KPUTUUYECKUX COCTOSTHUII B Tep-
Bble yachl ee maHudecrauuu [2, ¢.33]. V 10-20%
TaIMEeHTOB, TIePEHEeCIINX MEHMHTOKOKKOBBI Me-
HUHTUT, (GOPMUPYIOTCS Heo6GpaTUMble Hapylle-
HUS 3peHUs, C/TyXa, MEHTAIbHOTO Pa3BUTHSI, STIU-
JIETITUYECKUI CUHAPOM U IpPyrue paccTpoiicTBa
HEpBHOII CCTEeMbI, IPUBOISAIIINE K CTOMKOMY CHU-
SKEHMIO KavuecTBa uX Ku3Hu [3, c¢.151]. O6mmupHbIe
reMopparmyecKkue BbICHITAHUS ITPU MEHMHTOKOK-
KeMUU MOTYT OCJIOXKHUTbCSI PA3BUTUEM HEKPO30B,
TPeBYIOMMX B HEKOTOPBIX CJTyYasiX aMITyTalluu KO-
HeyHOoCTu [4, c.21]. B cOBpeMeHHBIX YCJIOBUSIX
HauboJlee IeiicTBeHHOI Mepoii 1o 60pb6e C TsKe-
JIbIMM (OpMaMy MEHMHIOKOKKOBOW MHMEKIUNI
SIBJISIETCS crienuduueckass MMMYHU3aIus Hacesie-
HUSL.

B Mockse B 2022t 3apuKcupoBaHa «HEIpoCcTast
CUTyalUsI» C MEHMHTUTOM Cpeay MUrpaHToB. O6
3TOM COOGIIM/Ia IIaBa MOCKOBCKOTO PocrioTpe6-
Hagsopa Enena AunpeeBa Ha hopyme «Mosl IoJm-
KIMHUKA»., 3a JEeCSITb MECSIEB Cpeau TPYIOBbIX
MUIPAHTOB ObUIO  OOGHapykeHO 32  ouara

3aboneBaHus. AHIpeeBa MOJYEPKHY/IA, UTO CIIe-
[IMaJICTBI TIEPBUYHOTO 3BE€HA ITPOBOST BaKIMHA-
IIMI0 MUTPAHTOB, TOCKOJBbKY KIMHUYECKas Kap-
TUHA «OY€Hb TSDKeJIasi» — eCTh JIETAJIbHbIE VICXOIbI.
PocrnoTpe6Ham30p TakKe 3aITyCTUI KOMITAHUIO 10
6opbbe C MEHMHIMTOM C IIOMOIIbIO BaKI[MHA-
uuu [5].

Lenb: M3YUUTh KIMHUKO-IMUIEMUOIOTHYE-
CKMe 0cob6eHHOCTM 3260/1eBa€MOCTU MEHMHTOKOK-
KOBO# mHeKIMeit HaceneHus YyBalickoii pec-
my6smkm 3a 2019 .

Martepuanbl M MeTOABI: IIPOBEIEH DPeTpo-
CIIeKTMBHBINM aHa/IN3 dAPXMBHBLIX NOKYMEHTOB CIie-
IMATM3UPOBAHHOTO MHGPEKIIMOHHOTO CTallIOHapa
BCMII r. Ye6oKcapsl, MaTepuasoB 1eHTpa Peme-
PaJbHOI CJIY;KOBI IO HaA30py B cdepe 3aimuTh
MpaB IMOTpebuTeNneil 1 6Gaaromnosyunst uyesoBeKa
MpM TIOMOIIY METOAOB CTATUCTUUYECKOI obpa-
60TKM.

PesyibTaThl M 06CYyKIeHe. MeHMHTIOKOKKO-
Bast MH(MEKIMSI — OCTpPOe aHTPOIIOHO3HOE OaKTe-
puasbHOe 3a60JIeBaHNe C aCTTUPAIMOHHBIM MeXa-
HM3MOM 3apaskeHMusl, XapakTepusyloleecs Mupo-
KMM [Mara3oHOM KIMHUYECKMUX TMPOSBIEHUI: OT
6ecCMMIITOMHOTO 6aKTepMOHOCUTEIbCTBA U JIEeT-
KOTO Ha3o(apuHTUTA 0 TSDKeIeiuIuX reHepanu-
30BaHHBIX (hOpM.

BbIsIBJIEHO, UTO YPOBEHDb 3260/IEBAEMOCTY Me-
HMHTOKOKKOBO# MH(eKIIneit B UyBalickoii o6a-
CTM TIOYTM Ha BCEM MCCIEAyeMOM BpEMEHHOM
IIPOMEsKYTKe IIpeBbIlIaeT CpefHUI ypoBeHb B 2019
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r. UHdeknus nMeeT BbIPaKEHHYIO 3MMHe-BECEeH-
HIOI0 C€30HHOCTh, BCTPEUAIOTCSl TeHepaan30BaH-
HbI€ ¥ JIOKQJIV30BaHHbIE (POPMBI.

O6cmemoBaHoO Bcero 15 malMeHTOB, B3SATHIX
CJTyYaifHbIM METOJOM BBIOOPKM, MOCTYIMBIINX B
MH(EKLUMOHHOE OTaeNeHe BY «BonbHMUIIa CKOPOIA
MeAMLIHCKO moMoIiu» B mepuof 3a 2019 rog.

Bo Bcex ciywasx 3abosieBaHMe HAYMHAIOCh
BHE3aITHO C 03HOG0M, (eOGPUIbHOI JTUXOPaJKOI,
1ab0CThI0, BRIPAsKEHHO TOJIOBHOJ 60JbIO, Y Ua-
CcTU OOJIBHBIX C TOINHOTOM, PBOTOI M auapeeii.
HaHHasi KIMHUYECKas KapTuHA COOTBETCTBOBAja
«KJIACCUYECKOi» IJIT HayaJbHOIO Ilepuoja Me-
HUHTOKOKKeMuM. [Tociie o6paleHust 3a MeJUIIVH-
CKOJ1 ITOMOIIBIO € skajobaMy Ha HeJJOMOTaHue, TO-
JIOBHYIO 601b ¥ IMX0paaKy 10 607IbHbIX ObLTN TOC-
MATATU3UPOBAHBI B OOKCHI C IMArHO30M OCTPOE
pecrimpatopHoe 3aboneBanue (OP3). B 5 Habuio-
IeHUsIX 6YpHO pa3BUBaIOIAsICS KIMHMYECKas Kap-
THHA 3a60J1eBaHKS TOTPEOOBAIA SKCTPEHHO 9Ba-
Kyaluu 607bHBIX B Jleue6Hble yupexxgenns. Tou-
HOe BpeMsl TOSIBJIeHMSI reMopparmueckoil 3K3aH-
TeMbl BbISICHUTD He TMpeACTaBUIOCh BO3MOKHbBIM,
T.K. Ha JOTOCMUTAJILHOM 3Tare y YacTyu MalyeH-
TOB ChIITb He OblJIa pacio3HaHa. DK3aHTeMa BCerma
pasBuMBaIach B IepBbie 24 U 3a60eBaHMsI, 3aXBa-
ThIBaJIa OOIIMPHBIE YUACTKM KOXKY Ha TYJIOBUIIE,
KOHEYHOCTSIX U I'0JIOBeE.

[MosiBieHMe ChIIM COBIALANO C BO3HUKHOBE-
HMEM OJBIIIKM, HApYIIeHneM CO3HaHMs (COIIOop),
cHmkeHmeM AJl, y 4acTy 60bHBIX - C TIOSIBJIEHME
pBOTBI U Aauapeu. IaHHBIA CUMITOMOKOMILIEKC
SIBJISVICSL TIPOSIBJIEHMEM Da3BUBAIOIIETOCS CENTH-
YyeCcKOoro Hioka.

C nuarnosom MKU 66111 HaIIpaBIeHbl B CTAL[M-
OHap BCEro MSITh OOJIbHBIX, M TOJBKO TPOE U3 HUX
— B IIepBble CYTKM 3a60jieBaHMsI. IKCTPEHHAs 1Mo-
MOIIIb HA OTOCIIUTAIbHOM 3Tare, periaMeHTUPO-
BaHHAs METOAMYECKUMM peKOMeHAAUUSIMU TI0
MpodWIaKTUKe, TMAarHOCTUKE U JIEUeHNI0 MEHWH-
TOKOKKOBOJ MHGeKkiuyu Oblla OKasaHa TOJIbKO
STUM IISITU 6OTBHBIM.

BoiBOg,

1. HWMMU npepncrapiseT coboii cepbe3HYI0 U
OTIACHYIO JIJIST SKU3HM MTPO6IeMy IJis1 MMPOBOTO CO-
o6miecTBa. CBOEBPeMEHHOCTD BBISIBJIEHMS ITEPBBIX
nposinennii UMW, okasaHue 3KCTPEHHON MO-
MOIM Ha [OrOCHUTaJbHOM 3Talle, CKopeiilias
rocuMTanu3anus B MHQEKUVOHHBI CTalMOHAp
CIIOCOOCTBYIOT COXPAHEHMIO KU3HU U 3I0POBBSI
OOJIbHBIX.

2. lenpio 6myKaiInxX JeT OOKHO CTaThb
yBe/MueHMe OxBaTa BakKlMHALMell MPOTUB Me-
HMHTOKOKKOBBIX 3a60/1eBaHMI, MPOAO/DKEHYIE MO-
HuTopuHra MMU u paspaboTKa YHMKAJIbHOI BaK-
IMHBI, CIIOCOOHOJ OXBAaTUThb BCe€ OCHOBHbIE
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 Cranuciaas HukosaeBuu
KaHAUAAT MeAUIIMHCKUX HAYK,
IOLEHT Kadempsl IICUXOIOT0-TeIarornuyeckoro 06pa3oBaHms,
TOMCKMI1 TOCYIapCTBEHHbIN Mearorn4eckuii yausepcurert, Poccus, r. ToMmck

KWHE3MOJIOTYS B 3CTETUYECKOM IICUXOCOMATUKE

AHHomauus. JlaHHas cmames ucciedyem 83aumocesn3b Mexcdy Cmpeccom, NCUXOMpasmamu, HetipombliieuHOL
peaxyueti U 803pACMHbIMU ICMEMUUECKUMU USMEHEHUSAMU HA auye U mese. Aemop ob6cy#daem 6JusHUe Heza-
MUBHbBIX IMOYULI HA HANPsXHEHUE MblY U npedidzaem UCNONb308AMb MeMOOUKU KUHe3Uo102uu 01 paccaabne-
HUSI HANPAXCEHHBIX Y4ACMKOS8 U YCMPaHeHUs: 3Cmemu4ecKux HedoCcmamkos, C8s3aHHbix ¢ 603pacmom. Taxsice nod-
uepKUB8Aemcs 3HaAUUMOCMb NCUXOIMOYUOHANBHO20 COCMOSHUS NPU NPosedeHUlU CeaHCo8 U 00CYyX#Oarnmcs IMoyu-
OHA/IbHBIE peaKyuu U owjywjeHus, 803HUKaujue 8 npoyecce JeueHusl.

Knroueenle crosa: cmpecc, ncuxompasma, HelipompluleuHas peakyus, MuogacyudanipHolli 2unepmoHyc, 603-
pacmtole 3cmemutecKkue U3MeHeHUs, KUHe3U0J102Usl, IMOYUOHANbHblE Peakyul, NCUX0IMOYUOHAIbHOE COCMOS -

Hue, MoluleuHoe paCCfla6fl€Hu€.

quOBEK peryJyisipHO CTaJIKMBAeTCsd CO CTpec-
caMM pasIMYHOV MHTEHCUBHOCTHU, a Takke, K
CO’KaJIEHMIO, HEe MOKET 130e3KaTh U IMICUXOTPaBMU-
pytomux cutyanuit. CTpecc U ICUXOTPaBMbl HEU3-
0e3XKHO BBI3BIBAIOT HEMPOMBIIIEYHYIO PEaKINIO0 B
BUJle CIIa3MOB, KOTOpbIE CO BpEMEHEM, eC/IU ITU
Cra3Mbl He YCTPaHSITh, MPUBOIIT K CTOMKOMY
muodaciaibHOMYy TUIIEPTOHYCY [3], KOTODbIi
TIPOSIBJISIETCS] HE TOJIBKO B BUAE OOJIEBBIX OIIYIIE-
HUIT B Tejle (YCTPaHATHh 6OJeBble OILYLIEHUS] BCe
K€ MTOJDKHBI CIEeLMaauCcTbl MeAUIIMHCKOTO IIpO-
(buiis), HO ¥ BO3pACTHBIE ICTETUYECKME M3MeHe-
HMS Ha JINLIE U TeJe.

HexoTopble uccimeqoBaTenu B 061acTu MCUXO-
COMAaTMKM TPEeAIoaaralT, YTO Kak[asi HeraTUB-
Hasl sMorus (THeB, CTpaX, 3710CTh, 061/1a) BbI3bI-
BAIOT HAaIPsDKEeHVEe MBIILL B ONIPeeéHHbIX y4acT-
Kax Tena [2]. C DaHHBIM yTBEPXKIEHMEM [0CTa-
TOYHO CJIOKHO COIJIACUTBCSI, TIOCKOIBKY BCe
MBIIILIBI CBSI3aHbI MeEXOYy C€000ii daciusMu.
MO>KHO MUILb YTBEPKAATh, UTO KaKMe-TO yIaCTKU
pearupylT Ha OIpeAeNéHHble 3MOIUU, U B pe-
3yJbTaTe HalpS’KeHMe MBIIII] B 9TUX yU4acTKax He-
CKOJIbKO 60JIbIlle, YeM B IPYTUX.

Hampumep, BO BpeMs CUJIBHOI'O CTpaxa, 4eyo-
BeK, KaK MMPaBWIo YyBCTBYET CIaBAMBAHUS B IPYAU
U 3aTpyOHEeHMe AbIXaHUSI M YYBCTBO HATIPSKEHUS
B 00JIaCcTH 1ien. DTO OUeHb yacTas Gpu3moIornye-
CKasl peaxkiusl Ha JAHHYI0 HEraTUBHYIO 3MOLIMIO.
U, cooTBeTCTBEHHO, KOra OCTpasi CTaAust MposiB-
JIEeHUSI SMOLMUU MIPOXOOUT, B NaJTbHENMIIEM MOXeT
BO3HUKHYTb YyBCTBO ITePMaHEHTHOV TPeBOTH, KO-
TOpPOe M BbI3BIBAETCSl HAIPSDKEHWEM B 0671aCTy
60IBIINX IPYIHBIX MBIIILI, KOTOpBIe

CIasMMPOBAIUCH B MpoLiecce MepeskuBaHus 3MO-
LMY CTPaxa, ¥ I0Ka 5TM MBIIILBI He 6yoyT Haxo-
IOUTbCS B JOCTATOYHON CTelleHM pacciabieHus,
TPEeBOKHOE COCTOSIHMe OyzleT Tak My uHave bec-
IIOKOUTb.

BbIACHUTD yYacTKM C MaKCUMMaJbHbIM Halps-
JKeHMeM ¥ [IOMOraeT TaKoe HallpaBjieHNe, KaK Ki-
Hesuosorus [1]. B KuHe3mosornmy Takke cCylle-
CTBYIOT METOJVIKM, CIIOCOOHBIe ITyTeM pacciiabie-
HUSI HaIIPSDKeHHBIX MBIIIL, BEDHYTh YeJIOBEKY He
TOJIBKO MO3UTUBHOE 3MOLIMOHA/IbHOE COCTOSHMIE,
HO M YCTPaHUTD NIPOSIBJIEHV e BO3PACTHBIX 3CTETU -
YyecKux u3mMmeHeHuin. OTMeTUM ellle pas, 4To BO3-
pacTHbIe 3CTeTUYeCKMe U3MeHeHMs caMy 110 cebe
CIIOCOOGHBI Y HEKOTOPBIX KEHIIMH BbI3BATh CTpecC
U JaKke 3aTSDKHYIO Jelipeccuio. Mimemolmecs ske Ha
PBIHKE KOCMEeTOJIOTMYeCcKye U Xupypruyeckue me-
TOJMKY CBSI3aHBbI C OOJIBUIVM KOJIMYECTBOM PUCKOB
M OCJIOKHEHUI M pe3y/IbTaT MOXKeT CU/ILHO He COB-
MajfaTh C OKUAAHUSAMU.

YenoBek obpaimaeTcss K KMHE3MOIOTY-3CTeTH -
CTy HepelIKO, KOrja TpaAuLMOHHbIE KOCMETOJIO-
rMYecKye MeTOOVKY He [AaloT XKeJlaeMOro pe3yib-
taTa. IIpu obpamieHny u Xanobax Ha HEBO3MOX-
HOCTb YCTPaHUTh KaKoi-1160 BO3pacTHOH KocMe-
TUYECKMII HeJOCTaTOK (HANpyumep, HOCOryOHBIE
CKJIaAKY WIM HOCOCJIe3HYI0 60p037y), IpaKkTuye-
CKM BO BCeX CIy4asix AUarHOCTUPYeTCs JaTeHTHOe
VIV SIBHOE COCTOSIHME TPeBOXKHOCTHU, KOTOpOe ue-
JIOBeK KOHEYHO JXe He CBS3bIBaeT C IOSIBUBIIN-
MUCS 3CTeTUYECKMMM BO3PAaCTHBIMU M3MEHEHM-
SIMM.

Kune3nonor-scTeTucT Ipu 3TOM BBIABJISAET
Y4aCTKA C MaKCMMaJIbHO BbIPa’KeHHBIM
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MuodacialabHbIM TUIIEPTOHYCOM, MPU ITOMOLIU
OTIpeNe/IeHHbIX, MHAUBUIYAIbHO TMOJ0O0paHHBIX
METOJIMK, pacciabiseT HaIpsbKeHHbIE YYacTKMY,
TPEBOXXHOCTb CTAHOBUTCS MeHbIle WM BOBCE
nponajgaeTr, U BMeCcTe C 3TUM HUBEIUPYIOTCS U
OecCIIOKOosIIMe 4YejoBeKa KOCMeTHYecKue HeIo-
CTaTKU (3[eCh HEOOXOOUMO OTMETUTh — pedb He
uaet o6 OMOJIOKEHUM, a JIUIIb 06 YCTPaHEeHUM 3C-
TeTUYeCKUX BO3PACTHBIX M3MeHEeHM, TTOCKOIbKY
OJHOI 13 OCHOBHBIX MIPUUUH CTapeHMUsI, SIBJISIeTCS
M3MeHEeHMe TOPMOHAJIbHOrO ()OHA, a BOCCTAHAB-
JIMBATh TOPMOHA/IbHBIN (DOH IPM MMOMOIIM KUHE-
3MOJIOTMYECKMX METOAMK, Ha JaHHbIA MOMEHT He
TpeACTaBsIeTCS BO3MOKHBIM).

TakuM 06pasoM, KUHE3UOJIOT-3CTETUCT He
TOJbKO MOKET YCTPaHUTh 3CTeTUYecKue Hemo-
CTaTKU, TTOSIBJISIONIMECS C BO3pacTOM, HO M HOpMa-
JIM30BaTh IICUX0IMOIIMOHAIbHOE COCTOSIHIME UeJIo-
BeKa. VIMeHHO 03TOMY KMHE3UMOJIOTUS U SIBJISIeTCS
6a30BOJ1 OCHOBOJ 3CTeTUUYECKOJ IICMXOCOMATHUKIN.

Heo6xonuMo IOAYEpPKHYTh, UTO B ITPOIIECCE
MpOBe/IeHNSI CeaHca, Y yeJJoBeKa MOT'YyT BOSHMKATh
BOCIIOMMHAHMS JaBHO 3a0bIThIX 1 BBITECHEHHBIX B
MO CO3HAHMe CUTYyallMii, SMOLIMOHAIbHASI peak-
LIMST Ha KOTOPbIE MOKET CUMJIbHO Pa3/IMyaThCs, KaKk
MO0 CTeleHM MHTEHCUMBHOCTU, TaK U IO 3HAKy
(HeraTMBHas SMOILIMOHATbHAS PeaKiys BO3HUKAET
B pasbl yallle, ueM MO3UTUBHAs), HO TEM He MeHee,
ocJIe TOA0OHOT0 SMOIMOHAIBHOT'O OTPearupoBa-
HMSI, TIPAKTUUECKM BCe OTMeYaloT OIpee/eHHYIO
crerneHb pacciabnaenust. TIcMxobuU3NONOTUsI Mbl-
[IEYHOTO pacc/iabjaeHus, B JAHHOM acIieKTe, BbI-
3bIBaeT OUeHb MHOI'O BOITPOCOB, U M3y4yeHa HeJo-
CTaTOYHO. MbI MOXeM YeTKO KOHCTaTUPOBaTh
TOMbKO (aKT: «IMOIMOHAJIbHASI peakuuss -—

pacciabieHue», M Kak ucciemoBaTean, paboraem
HaJ 00bSICHeHMEeM 3TOro (GeHOMeHa.

Ocob0 ciaemyeT pacCMOTPeTh CaMOOIIYIEHMS
yeJIoBeKa B ITporiecce ceaHca. OTMeTUM, UTO YesIo-
BeK B CBO€1 ITOBCEeJHEBHOM XXM3HM, HE 3ayMbIBa-
€TCs1 00 OIIYIIEHNSIX B TeJle, IJIS HEeTO eCTh JABa CO-
CTOSIHUS «OOJIUT» UIIN «He 60aUT». Bo Bpems mep-
BBIX IBYX-TpPeX CEaHCOB, peaKiusl aHaJOTUJYHas -
«HOPMAaJIbHO» WJIM «HE HOPMAajbHO», ITOSTOMY B
IepBble CeaHChl, BOCIIOMMHAHMUS U, COOTBET-
CTBEHHO, SMOLMOHA/IbHbIE PEaKLVM BCTPEYAIOTCS
IOCTAaTOYHO peaKko. Y auiib 1ocjie HeCKOJIbKUX ce-
aHCOB, 4YeJIOBeK HaumHaeT ayuddepeHIMPOBATDH
OIIyIeHUs (KTO-TO Aake ONIYIIEHUS OTIMChIBAET B
IIBETaX MJIM 3BYKax), ¥ BOT TOT/A ¥ HAUMHAETCS OC-
HOBHas1 paboTa, maloinasi HeoOXoaUMBbIii HaM 3] -
(ekT, TO ecTh UeJIOBEK OCBOOOKIAETCS OT IICU-
XO3MOIIMOHAIbHBIX OJIOKOB, MBIIIIEUHBIX CIIA3MOB,
" Kak CJIe[ICTBME 3TOT0, YCTPAHSIOTCS BO3pPaCTHBIE
3CTeTUYeCKye U3MeHeHMSI.
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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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COIIMOJOTU A

I'VCEBA Haranbsa HukosaeBHa
COLIMAJIBbHBIN Mearor «ColuaabHas MamMa»,
LleHTp comelicTBUS ceMeliHOMY BocriuTaHuio «Pamgyra», Poccus, r. Mocksa

IMTPO®ECCHOHAJIBHOE 1 JKUBHEHHOE CAMOOITPEJEJIEHNE
BOCITUTAHHHMKOB IIEHTPA COJIEICTBUSI CEMEMTHOMY BOCITUTAHUIO

AHHOmMauua. /JaHHas HAy4Has cmamos paccmampusaem npoyecc 8XoxcdeHus: 60CNUMAHHUKO8 8 COUUOKYb-
MypHOe NPOCMPAHCIMBO U €20 C853b C camoonpedesieHuem 8 #U3HU U NpoeccuoHanvHoli cepe. Agmop onucel-
8aem c8010 poJib nedazoza 8 (opMupo8aHuu y 860CNUMAHHUKO8 HABbIKO8 U YMeHuULl, Heo6X00umbix 015 8b100pa
JHCU3HEHHO020 Nymu u npogeccuu. B ocHose pabomsl ¢ 80CNUMAHHUKAMU JEeXCUM KOMNemeHmMHOCMHbIl n00x00,
KOMopwlli 8KI0OUAEM UHPOPMAUUOHHbIE, UEHHOCIMHO-CMbICI08ble, YUeOHO-N03HABAMEIbHbIE, COUUATLHO-MPYDO0-
8ble U KOMNemeHYUU JUYHOCIMHO20 CaMOCO8EPIUEHCB08aHLs. Asmop 8videsisiem Heo6x00UMOCMb 20MO8HOCMU
nodpocmkos K 8w160py npogeccuu u onucsieaem smanst nNPoGhopueHMayuoHHol padbomsl ¢ yuemom 803pacmHbix
ocobeHHoCmell.

Knroueenle cnosa: camoonpedenetue, npogeccuoHanvHolli 86160p, KOMNemMeHMHOCMHbIL N00X0d, uHpopma-
UUOHHblEe KOMNemeHYUU, UeHHOCMHO-CMbICNI08ble KOMNemeHYuuU, yueOHO-no3HasamenbHbsle KOMNemeHyuu, Coyu-
abHO-mpydosble KoMnemeHyuu, KomMnemeHyuu JUYHOCMHO20 CAMOCOBEPUEHCMB08AHUS, NPOPOPUEHMAYUOH-

Has pa6oma, 603pacmHoble ocobeHHOCMLL.

Hpouecc BXOXXI€eHMSI BOCIIUTAHHMKA IIeHTpa B
COLIMOKY/IbTYPHOE MPOCTPAaHCTBO Hepas-
PBIBHO CBSI3aH C €ro caMoOIIpeleneHueM, Kak
SKMU3HEHHBIM, TakK U podeccruoHabHbIM. Mos 3a-
JIaya Kak rmegarora — (GhOpMMUpPOBATb Y BOCITUTAH-
HUMKOB YMEHUS ¥ HaBbIKM, HEOOXOIMMbIE JIJIST BbI-
6opa XM3HEHHOIo IMyTU BooOIe U mpodeccuu B
yacTHOCTH. ['TaBHAs 11eJib MOei paboThl, IOMOYb
MOAPOCTKAM y3HATh OOJIbIIE O CBOUX MHTEpECAX,
BO3MOKHOCTSIX, CKJIOHHOCTSIX, OCO3HaTb CBOIO
HEMOBTOPMMOCTD, 3alyMaThCsl O CBOeM Mpodec-
CMOHAJIbHOM U KM3HEHHOM IyTU. B 0CHOBe Moeit
paboThl C BOCIIMTAaHHMKAMM JIEKUT KOMIIETEHT-
HOCTHBI MOJXO07, YTO TTO03BOJISIET GOPMMUPOBATH Y
HUX KOMITETEHI[MM B TPeX BAXKHBIX chepax — Jnd-
HOCTHOJA, IesITeJIbHOCTHO ¥ 00pa30BaTe/IbHO

e  uHbOpMAIMOHHbIE KOMIIeTEHIIMM (3HA-
HME CBOMX WHIUBUIYATIbHBIX OCOOEHHOCTEIA,
Ha/luuye TMpeAcTaBlIeHuii o Mupe mpodeccuii,
3HaHMe CTPYKTYPbI ¥ BUAOB MPOGheCcCMOHATBHOTO
ob6pasoBaHusl);

e  I[eHHOCTHO — CMBICJIOBbIE KOMITETEHIIUU
(moTpe6HOCTh B BhIGOpe mpodeccun, ycToirumBas
MOTMBAIIMSI K CaMO0Opa30BaHUIO, CTpEMJIEHNE K

CaMOpa3BUTUIO, [IEHHOCTHbIE OpMEHTAluu B OT-
HOIIIEHUM K TIpodeccusim);

e  yue6HO-IO3HABATEIbHbIE KOMIIETEHIIUM
(KOTHUTUBHO-JTMUYHOCTHbIE: yMeHUe aJleKBaTHO
OIIEHUTh KOHBIOHKTYPY PbIHKA, OCO3HAHMe TPebo-
BaHMI COLMYyMa M yMEHMe UX aHaIU3UPOBaATh C
TOYKM 3peHus liejieit mpodecCHMoHaNIbHONM [esi-
TEJbHOCTY, YMEHMe COOTHECTM 3HAHUS O cebe u
3HaHUS O MpodeccruoHaIbHO esITeIbHOCTY U Ha
OCHOBe 3TOTO MPUHATH pellleHNe O BbIGOpe Mpo-
(dbeccun; aMOLIMOHATBHO-BOJIEBBIE: YBEPEHHOCTD B
CBOMX CUJIAX, BOJIEBASI CAMOPETY/ISINSI, TTOI0XKN-
TeJbHOEe OTHOIIEHMEe K BbIOOPY HaIlpaBiieHus Oy-
Iyieit mpodecCMOHAIBHONM AeITeTbHOCTH);

e  COLMAIIbHO-TPYLOBbIE KOMITeTeHIIUM
(orepanOHaIbHO-AEICTBEHHbIE: aKTUBHAS K3~
HEHHasl MO3ULMS B BbIGOpe IpodecCHoHaTbHOI
cdepsl, CIOCOOGHOCTh K aHAAM3Y TPYHOBOI mdesi-
TEJIbHOCTH, Hajnuue mpodecCMOHaTbHbIX U SKU3-
HEHHBIX [IEPCIIEKTUB ; PETYJISIPHBIE: CIIOCOOHOCTH K
CaMOKOHTPOJIIO B TPYOBOI 1 ITpodecCroHaIbHOI
IesiTeIbHOCTM B Tpollecce MPodeccroHaTbHOTO
caMmooInpeneneHns);

e  KOMIIETEHLMM JMUYHOCTHOTO CaMOCOBep-
IIIeHCTBOBAHUS (CTIOCOGHOCTD K
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MPOTHO3UPOBAHMIO, K OCMBICIEHUIO Pe3y/IbTaTOB
CaMOpa3BUTUSA).

Kaxkap1ii BocrmMTaHHMK Hamlero LleHTpa, umeer
MpaBo Ha CBOOOMHBIN BbIGOP mpodeccun, HO Ofi-
HOTO >XejlaHMsI paboTaTh IO OIpeIeIeHHO Ipo-
deccun u MHTEpeca K Helt HemocTaTouHO. OCHOBA-
HMEM [JIs1 CO3HATeJIbHOro BbIGOpa mpodeccun
IOJKEH OBITh 1eJIbI/ KOMITIEKC 3HAHUI ¥ YMEHUIA,
KOTOpBI/i MOKHO Ha3BaTh T'OTOBHOCTBHIO TIOJ-
pocTKa K BbeI6GOpY mpodeccun. Takasi TOTOBHOCTh
SIBJISIETCS] PE3Y/IbTATOM JJIUTENbHOTO Mefarormye-
CKM HAaIIpaBJIIeEMOTro Ipollecca IpodeccroHasb-
HOT'O CaMoOIIpeeneHNs] BOCIUTAaHHMKOB. B aToM
CYTb Ie[larorM4yeckoro acrekTa npodeccruoHab-
HoOlt opueHTanuu B LleHTpe. UTo6bl paboTa 1O
MPOCBEILEHNI0 MMeNa IOJIOKUTEeIbHbIE Pe3Yilb-
TaThl, OHA MIPOBOAUTCS YMEJIO U ¢ 60IbLINM T1e[ia-
rormyeckMM TaKTOM. [JIaBHBIN TPUHIMII, KOTO-
PBIM 51 pYKOBOJICTBYIOCH B paboTe 1o mpodmpocBe-
IIEHUIO — CBSI3b €ro C ku3Hbi. [IpodopueHTaIm-
OHHasl paboTa C BOCIUTAaHHMKAMM OPUEHTUPO-
BaHa Ha (GOPMUPOBAHME Y HUX YETKUX TIPEICTAB-
JIEHM1 0 cBOelt 6ymytieit mpodeccoOHaTbHOI mes-
TeJIbHOCTH, O MYTSIX, aJleKBaTHOV OlLleHK! CBOEro
YPOBHST 06pa30BaHMUs U MpodecCHOHaTbHOIM MO -
TOTOBKM NIPU TJIAHMPOBAHUU BO3MOXHOCTEN! Tpy-
IOYCTPONCTBA.

IMpodopueHTAlMOHHYI0 PaboTy C BOCIUTAH-
HMKaMM pasfie/injia Ha HeCKOJIbKO CTyTIeHeH, yuu-
ThIBasI BO3pacTHbIe OCOOEHHOCTY IETEN:

IlepBas cTryneHsb. 3yyeHle HampaBJIeHHOCTHU
MHTepPecoB, CIIOCOGHOCTe, 340pPOBbsI, O3HAKOM-
JIeHus1 ¢ MupoM mpodeccuii (6—10 ner).

Bropas crynenb. OnpeneneHne MHTEPECOB K
npodeccusiM, HAKIOHHOCTE! K pa3JIMYHbIM BUIaM
IesTeNbHOCTU 4yepe3 pa3BUTHE JIUYHOCTU, YTOU-
HeHle MHTepecoB, CKIOHHOCTe, (opMupoBaHe
3HaHUI, YMEHUI M HaBBIKOB Yyepes yyacTue B [0-
MOJTHUTEIbHOM 0bpa3oBauuy (10-14 ner).

TpeTbsi cTryneHb. PykoBoncTBo mpodeccuo-
HaJIbHBIM caMoollpeenieHneM, (opmupoBaHie
MpodeccruoHaJbHOIO0 CaMOCO3HAHMS, BbIPabOTKa
M KOPPEKUMSI JUYHOCTHBIX >KU3HEHHBIX IIJIAaHOB
(14-18 ner).

IMpodopueHTanyoHHas pabora B HaiieM LleH-
Tpe BK/II0Yaer:

o [Mcuxomornyeckyrw AMarHOCTUKY MHTEpe-
cOB ¥ mpoeccroHaNbHOM HATPABIEHHOCTY, aHa-
JIU3 CITOCOOHOCTEN U IMYHOCTHBIX 0COOEHHOCTEI];

e  Becensl 0 Mupe mpodeccuit, mHbOpMuUpo-
BaHMeE O CIIPOCe Ha PhIHKE TPya, O TPeOOBAHUSX,
MpebsIB/IIEMbIX K OIpele/leHHON Ipodeccro-
HaJIbHOM JesiTelIbHOCTHU (Heobxomumast

MOATOTOBKA, YPOBEHb 00Pa30BaHUS, COCTOSTHUE
3[I0POBbBSI);

e  UudopmupoBaHme 0 cIocobax Tpymao-
ycTpoiicTBa (rocyJapCTBeHHbIE 1 KOMMepUecKue
O6UpPKU TPyZHa, COCTaBjieHUe pe3ioMe, TPYLOBOTO
JIOrOBOpPA, KaHAJIbI ITOMCKA PAOOThHI);

e Becempl 0 MyTsX M CIOCOOAX ITOTyUEHUST
obpaszoBaHMs (TUITBI YUEOHBIX 3aBeIeHMIA, YCIIO-
BMSI MpMEMa, 110 BO3MOXKHOCTU TOCeleHue «IHs
OTKPBITBIX IBEPEi»);

e  PaspaboTKy nmpodeccroHalIbHOIO IIJIaHa U
o6cyskIeHye crioco60B ero peaansalyin.

B paboTe ¢ BocnmuTaHHMKAMU UCIIOJb3YIO pas-
Hble GOpMbI PabOThI: IMATHOCTUKY, aHKETUPOBA-
HMe, TeCThl, MOKa3 Ipe3eHTalui, MHAUBUIYaTb-
HbI€ U IPYMIIOBbIe KOHCY/IbTAIIVM, CEOSKETHO-POJIe-
Bbl€ UTPbI, IKCKYPCUM, TPYIIIOBBIE TUCKYCCUM,
Kejic-MeTOoIbl, TICUXOTMMHACTUUECKHUE YIIpaskKHe-
HMSI, METOIObI PaboOThl C MPOEKTUBHBIMM PUCYH-
KaMM M CaMOOIIMCaHMeM, YIIpaskHeHMs, HallpaB-
JIEHHbIEe Ha HeBepOTbHYI0 KOMMYHUKAIIMIO U JID.,
MoceleHne OHeM OTKPBITHIX OABEpel pasJIMUHBbIX
yUe6HBIX YUPEKIEeHN, IpMapoK BakaHcuit. Eciny
BOCITMTaHHMKA €CTh MHTEPEeC K TOM MU UHOI ITPO-
deccun, TO 9 TIOKA3bIBAIO, TMe U KaKMM 06pa3om
MOXXHO TIOJIYYUTh MCUEPIThIBAIOIIYI0 WHMOpMAa-
LIMI0 00 yUeOHBIX 3aBeIEHMSIX M BaKAHCUSIX U KaK
paboraTh ¢ 3TOit MHGopMalueir. [IpuopUTeTOM
IIST KaSKIOTO BOCIIMTAaHHYKA IleHTpa sIB/sieTCs 1mo-
JIyyeHue 06pa3soBaHMsL.

MHow paspaboTtaHsl IMpodopueHTaAIMIOHHbIE
npeseHTanuu «B mupe mpodeccuit». Kakgas mpe-
3eHTaLMs COIEPXKUT CJIeTYIONIMIT MaTepuat:

1. 3HAKOMCTBO C IpeAcTaBUTENEM Ipodec-
CUU U C eT0 paboumM MEeCTOM.

2. Tloppob6Hoe onycanue GyHKIMOHAA JaH-
HOJ mpodeccun: yeM NPUXOAUTCS 3aHMMAThCS,
3a4eM, JIJIsT 4Yero U KOro.

3. TpebGyemble TMUHBIE U MPODECCHOHATHEHO
BaskHbIE KaueCTBa.

4. T'me MOXHO MOMy4YnUTh Mpodeccuio, B Ka-
KUX yYeOHBIX 3aBeIeHUSIX, KaK [OJITO JIATHCS
yueba.

5. Hackombko BocTpe6oBaHa [JaHHAsl IIPO-
deccus, B TOM umcie u 6yayiiem.

6. Kakne KapbepHbie ¥ MaTepuaabHbIe Tep-
CTIEKTUBBI B JAHHO ITpOdeccun.

7. Komy moxeT momoiitu maHHasi mpodec-
CusL.

Llenb TaKuX IIpe3eHTaluit:

e  HampaBuTb BOCIIUTAaHHMKOB Ha OCO3HAH-
HBIIi BBIOOD Mpodeccumt (Mbl TOBOPUM O TOM, UTO
BBIOMpPATH Mpodeccrio Heo6X0AMO He 0 MOIHO-
CTM U TOMYJSIPHOCTU Cpeau [py3eit, a Io
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BOCTPEOOBAHHOCTY Ha DPbIHKE TpPyHda, COOTBET-
CTBEHHO JIMYHBIM BO3MOXXHOCTSIM, CKIIOHHOCTSIM U
SKeJIaHU10);

e JlaThb pacuIMpeHHble TIpeACTaBIEHUS O
pasHoo6pa3HOM Mupe IMpodeccuii, moapobHee
MMO3HAKOMMUT C KOHKPEeTHBIMU ITpodeccusimu;

e TlomHATbL MMMIK pabOUMX U UHKEHEPHO-
TeXHUYECKUX Mpodeccuii U CIelMaTbHOCTEN.

B cBoeit paboTe UCITONb3YIO pasIvMUHbIE BO3-
MOXXHOCTHU, TIOCellleHMe C BOCIUTAaHHUKAMMU TPO-
dbopuenranyonHoro Mapadona «KapbepHblii
HaBuratop: macmrab ropozy». Ilpoekr «Kapbep-
HBbI/i HABUTATOP: MACIITA0 TOPOA» BKIIOUAET DS,
OTKPBITBIX TOPOMICKUX TIOMAOK AJIsI 00YJaroInx
Y pOIUTEJIe, ITeJaroroB U CIIeNUaNIICTOB 06pa30-
BaTeIbHbIX OPTaHM3aLii C IPUBJIeYEeHMEM LIUPO-
KOTO Kpyra COIMaabHbIX IIapTHEPOB U paboToza-
TeJieli CTOJIMYHOTO perMoHa. BocriutaHHUKY oce-
manyu npodopueHTallMOHHbIe MacTepcKue — 3TO
MPOCTPAHCTBO i1 KOHCTPYKTMBHOTO AMAOra,
OTKpBITOE U CBOOGOJIHOE OOIeHMe, TIOMAIKN TI0
0OMEHY OITBITOM M JIYUIIMMMU IPaKTUKaMM, pac-
IIMpeHNe JeOBbIX KOHTAKTOB, & TAKXKe BbISIBIIE-
Hue 3(pGheKTUBHBIX pellleHNii B cucTeMe Ipodopu-
€HTaIMOHHOM paboThl, OTKPBIThIE TIOMIAAKNA JIJIsI
obyuaromuxcs u remaroroB «MuuiuaTuba. TBop-
YeCcTBO. YcCIex», TOpOACKOM KOHKYpC IIPOEKTOB
«Iar B mpodeccuio — 2015», dbecTuBaNb MYIbTHU-
MeOuifHbIX TpoeKToB «Ilapand mpodeccuit — XXI
BeK», IeTCKuit mpodopreHTalMOHHbI KBeCT «ITy-
TelllecTBMe B ['opos MacTepoB», eqVHbINI AEHb OT-
KPBITBIX ABepeli «CTo Jopor — 0gHa TBOSI» U [IP.

Takske B cBOeJi paboTe MCII0/Ib3YI0 BO3MOXHO-
CTU NpoeKTa «TeppuUTOpMSI BO3MOKHOCTEN», KOTO-
pblii IpefnosiaraeT OPraHM3aLUI0 MEPOIPUSTUI
1o mpodopreHTalUM BOCITTUTAHHMKOB C MHBAJI] -
HOCTBIO U OTPAHUUYEHHBIMY BO3MOXKHOCTSIMU 370-
POBBSI, BBISIBIIEHME TBOPUYECKUX CIIOCOOHOCTEI,
Pa3sBUTUIO TTO3UTUBHBIX MPO(PECCHOHATBHBIX MO-
TUBALUI U CONEVICTBUIO TPYLOYCTPOMCTBA TaHHO
TPYINbl BOCOUTAaHHUKOB. [IpOeKT HampaBjieH Ha
IEeMOHCTPALMI0 BO3MOXXHOCTEN KOJUIeAKei B CO-
30AHUM YCIOBUII TTpodeCcCHOHATbHOr0 00pa3oBa-
HUS 1 06yUYeHMe JINIT C MUHBATUIHOCTHIO M OTPAHU-
YeHHbBIMU BO3MOKHOCTSIMU 3[TOPOBBSI.

B HacTosiliee BpeMsi MPOBOKY C BOCIIMTAHHM -
KaMM He TOJIbKO mpodTecTupoBaHue, HO OOVH U3
Hanbosee 3pbeKTUBHBIX TOJX0H0B B TPOhOpUeH-
Tauuu — mpodeccuoHanbHas mpoba. ITOT Crocob
TOMOraeT MOAPOCTKY Y3HATH Mpodeccuio UsHyTpu
yepes oblIeHNe C TPeICTaBUTESIMU Tpodeccun u
ydyacTue B TeEMaTUYECKUX IIPOeKTax.

Ham LleHTp coTpymHuYaeT ¢ 6;1ar0TBOPUTENb-
HbIM (oHAOM «Kpyr», KOTOpble OpPraHMU3yIOT C

BOCIIMTAaHHMKAMU MacTep — KJIacChl, SKCKYPCUU U
T.0. [IpoBogsaT Kypcel — IloBap, Ilapukmaxep. 1o
OKOHYAaHUM O6yUYeHMS], BOCHUTAHHUKM I10TydaT
Ceptudukarel. BonoHnreps! 3Toro ¢hoHza mocTo-
sgHHble TOoCTM Hauwero llentpa. CtymeHTsl MIY
nposoauin B LlenTpe «Urpsl byayiiero» mo mpo-
rpaMmme «IloyieHb», HalpaBIeHHbIe Ha Tpodopu-
eHTAILMIO U COLMaNN3aMI0 BOCIUTAHHUKOB. Tec-
HOe B3auMmogeiicTBue ¢ biaroTBOpUTENbHBIM
donmom «ApudmeTruka mobpa» Mo peanusanyun
nporpammbl  «Kommac», B pesyjibTaTe KOTOPOIi
paspabarbiBaeTcss 06pasoBaTebHO-TIpodeccuo-
HaJbHBI MapuIpyT OIS BOCOMTAHHMKA. 3ajava
nporpamMmbl «Kommac» — momoub peGeHKy pac-
KPBITh CBOJ TIOTEHIIMA, IPUHATb U OCBOUTH CO6-
CTBEHHYIO CBOGOAY M OTBETCTBEHHOCTh 3a JKU3-
HEHHbIE BHIOOPHI. [IJI51 YYACTHUKOB 3TOTO ITPOEKTA
MpeLyCMOTPEH KOMILJIEKC TICUXOJIOTUYECKUX U CO-
LIMaTbHO-TIeJarormyeckux TPEHMHTOB, PSZl COLM-
QIbHBIX MPO6 M MPOGOPUEHTALMOHHBIX IKCKYP-
cuii. B pamMKkax JaHHOTO IPOEKTa BOCIIUMTAaHHUKU
MOCeTUJIM TOPOJl MacTepoB «MacTepciaBiib», Ie
03HaKOMWJIMCh C pasHOoOpasueM mpodeccuii u
BO3MOXHOCTeli B GymymieM. B urposoit dopme
CMOIJIM OCBOUTb HECKOJbKO Ipodeccuit, B TOM
yyciae pabory oduiMaHTa, IpPOAABIA, Mep-
YyeHgaisepa.

VBiekaTenbHbIMU ObLIM 3KCKYypcuyu B MUC.
BocnuTaHHMKY He TOMBKO MTO3HAKOMWINCH C TIPO-
(deccueit cracarensa, HayuMJIMCh OKa3bIBaTh
MepBYI0 MOMOILb MPY HECYACTHBIX CIydyasx, IMOo-
cmoTpenn GuiabM 06 3TON Tpodeccuu, MPOLUUIN
CJIOKHBIE UCTIBITaHUSI. BHMMATEIbHOCTDh, YMEHNE
OPMEHTUPOBAThCSI B TMPOCTPAHCTBE, YMEHUe [e-
JIaTh BBIBOJIbI ¥ IIPaBUJIbHO 3a/1aBaTh BOIIPOCHI 110-
MOTJ/IM YYaCTHMKAM UCIIbITAaHUIA.

CoTpygHuky orensi «PeHeccaHC» pagyIIHO
BCTPETWIN HAUIMX BOCOUTAaHHMUKOB, TO3HAKOMMIIU
¢ ipodeccueit oTenbepa, IMIPOBEINU IKCKYPCUA TIO
TOCTUHULIE.

Oskupaemble pe3yibTaThl MOei paboThI:

e  TICMXOJIOTMYECKasi TOTOBHOCTb BOCIUTAH-
HMKOB ILIEHTpPa K CaMOCTOSITeIbHOMY Mpodeccuo-
HaJIbHOMY BBIOODY;

e  HaJIN4Me MO3UTUBHO OPUEHTUPOBAHHBIX U
OCO3HAHHBIX MPOGEeCcCUOHANbHBIX IIJIAHOB, WU
MpeACTaBAeHMI O ITYTSAX UX peannsalnu;

e  TOTOBHOCTb K YCTAaHOBJIEHMIO NOGpOsKeTa-
TEJIbHBIX OTHOIIEHMI CO B3POCABIMU U CBEPCTHU-
KaMM B MMKPO- ¥ MaKpOCOLIMYMeE; TOTOBHOCTb K
BXOXXIEHMI0O B HOBOE COLMOKYJbTYpPHOE IIpO-
CTPaHCTBO.

Kaxk m3BecTHO, IeTu — CUPOTHI U AeTH, OCTaB-
muecst 6e3 MOTIEUEHUS] POJUTENEN, - CIOXKHAS U
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crenyduyeckas TPyIna yJyalruxcs. Yke ¢ Mja-
IIeHYeCKOTo BO3PacTa OHM aBTOMATUYECKM IoTa-
Ialo0T B «TPYIIITY PUCKa».

Eciu B paHHMIT Mepuoj OeTCTBa Y OOBIYHOTO
peGeHKa, BOCIIMTBIBAIOIIETO B CEMbe, 3aK/IaIbIBa-
I0TCI (QYyHIaMeHTaJIbHbIe KauyecTBa JIMYHOCTH,
hopMUPYIOTCS TICUXOJIOTMUYECKAS YCTONUYMBOCTD,
OCHOBBI TIPEJICTaBIEHNI 0 HPABCTBEHHBIX IIEHHO-
CTSIX, SKU3HECIIOCOOHOCTH U 1eJIeyCTPEMIIEHHOCTD,
TO pa3BUTHE pebGeHKa-CUPOTHI MPOUCXOAUT C 3a-
IEePKKOi II0 BCEM OCHOBHBIM HAaIIPaBJIEHUSIM
(CeHCOPHOMY, pPEUYEBOMY, MHTEJIEKTYaIbHOMY,
ro3HaBarebHOMY, addekTMBHOMY U Ap.). Takue
0COOEHHOCTM pa3BUTHUS IPOEIMUPYIOTCS Ha CU-
CTEMY OTHOIIEHMI CUPOTHI C OKPYKAIOIIUM MU-
poM. B xone maybHejiero pasBUTHUSI OTCTaBaHMe
TOJIBKO YBEIMUMBAETCS, YTO IIPUBOAUT K BO3HUK-
HOBEHMIO Y pebeHKa CBOe0Opa3HOro «KOMILIEKCA
CUPOTBI» TI0 CPAaBHEHUIO C TETbMM, BOCIUTHIBAIO-
MIVIMICS B 6J1aTOTTOTYYHBIX CEMbSIX.

ViccnemoBaHusl IOAPOCTKOB B YUPEXKIEHMUSIX
mHTepHaTHOTO Tuma (Y. B. lybposuna, A. M. ITpu-
xoxaH, H.H. CaBuHa, H. H. ToncTeix 1 ap.) cBUAE-
TeJLCTBYIOT 06 OTCYTCTBUM Y HUX MHTEpeca K 00y-
YEHUIO, HESKeJTaHUM TI0JTy4YaThb MpodeCcCMOHaTbHOe
obpa3oBaHMe, OTCYTCTBUM JKM3HEHHBIX TIJIAHOB B
cpenHeil U najnbHel nepcrnekTuse. JleTu — CUMpOThI
yare BCEro 3aBbIIIAIOT WJIM 3aHMKAIOT CBOM BO3-
MOXXHOCTM B pelleHMM BO3HMKAIOMMUX MPobJeM,
YTO 3a4acTyI0 MPUBOIUT K HEaJeKBAaTHOCTM BbI-
6opa JesTeabHOCTY, HECOOTBETCTBUM ITpeJICTaB-
JleHu#t o cebe peasbHbIM BO3MOSKHOCTSIM, Haju-
YMI0 OrPAaHMYEHHOI0 Kpyra obueHus, GpopMupo-
BaHMIO HEaJeKBATHOI CaMOOIIEHKM.

B cBoei1 paboTe no npodopueHTalINM S CTapa-
10Ch HAMTV MHOUBUIYAIbHBINA MOIX0M K KaXKIOMY
BOCIIMTAaHHUKY, TIOMOYb KaXKIOMY ITOATOTOBUTbCS
K CaMOCTOSITeJTbHON JXKM3HU B 00OIIECTBe, B KOTO-
poM He OyHeT yske HM BOCIIMTATeNei, HU yUUTe-
Jieii, pelralomuX Bce KM3HEHHbIe MPOGIeMbI CU-
POTBI, KaK B IEPUOJ, HAXOXIEHUS U MPOXKUBAHMS
B IIeHTpe.

S paborarw B rpyIie KBapTUPHOTO TUIIA, T[e
MPOKMBAIOT Pa3sHOBO3PACTHBIE AETU - OT 2-X JI0
18-Tu neT, pasHOypOBHEBbIE, PA3HOIIOJNbIE U, €CTU
VUUTBIBATh, UTO CITMCOK BOCIUTAHHUKOB MOSKET
MTOJTHOCTBIO MEHSIThCSI 3a T'OJI He OAVH pa3, TaK Kak
IJIaBHAas 3a/a4a HaIlero y4peskgeHus — 3TO IOJ-
TOTOBKAa [ETEeN-CUPOT K YCTPONCTBY B CEMBIO.
IpuxXoaAUTCSI CTPOUTH CBOIO paboOTy TakK, UTOObI
ObLI0 YIOOHO BCEM BOCITUTAHHMKAM, UTOOBI HUKTO
He ocTrajcs 6e3 HY)KHOrO BHMMaHMS. XOuy II0-
IPOOHO OCTAHOBUTHCS HA PaboTe C MOAPOCTKAMMU
mo «IIpodeccuoHaIbHOMY U KM3HEHHOMY

camooripeneneHnio». Ecim 9 maHupyo paboTy c
MOJPOCTKAMM, TO MJAJIINe OeTU 3aHSThI C I10-
MOIIHMIIEN UK C COLIMaIbHbBIM IIe1aroroM ApyTroi
KBapTuphl. Ha JaHHBII MOMEHT B KBapTUPE IPO-
SKMBAIOT TPU MOAPOCTKA, TaK e TpUTJIaliai Mo -
POCTKOB M3 APYTUX TPYII, MPU 3TOM YUUTHIBAIO
0COGEHHOCTHM KaXKIOro, CTapaloCch HaiTyU OOGIIMI
SI3bIK C TIOAPOCTKOM, 3aMMHTEPECOBATh €ro, CTaTh
TaKMM, KaK OH, He BO3BbIIIAs Ce0SI 1 He IpUHIMKAS
€ro Kak JIMYHOCTb.

BocnuTaHHMKM HaIleTo I[eHTpa pa3/iMyaroTcs
TI0 XapakTepy mpobjieM, ¥ B COOTBETCTBUM C STUM
MOJKHO BBIIE/INTD CAeIYIOIIe KaTeTOPUN:

1. Hmewujue 3a0epicKy yMCIMEeHHO20 pa3-
eumus, njaoxo obéyuaemsle, NACCUBHO-8e0OMble.
I paHHOM KaTeropuM BOCIIMTAaHHMKOB Xapak-
TEpHbI CJeAyIoNIye MPU3HAKNU: HU3KUIA YPOBEHb
MHTEeJ/IJIEKTYaJbHOTO Pa3BUTUS; OTCYTCTBME TBOP-
YeCKOro MoTeHIMaNa, Hu3Kast 00y4aeMOoCTb, SIBJISI-
I0ascs  CJIeAcTBUeM  Hec(OopMMUPOBAHHOCTU
YUeOHBbIX YMEHMIT; HM3Kasl I03HABaTeIbHAsI KOM-
MEeTeHTHOCTbD; IMUYHOCTHAS TPEBOXKHOCTD, OTIpe/ie-
JITIOIAsICSI OCOOEHHOCTSIMM OTHOIIEHUS K cebe 1
YPOBHEM CaMOTIPUHSITUSI; SMOLUMOHAIbHBIN AUC-
KoMQOPT; HeJoBepue K JIIOOSM; Ie3adallTHUBHOe
TOBeieHNe, CBSI3aHHOE C Hec()OpMUPOBAHHOCTDIO
TPYAOBbIX HABBIKOB, YMEHMSI IIPe010JIeBaTh TPy -
HOCTM; HechOpPMUPOBAHHOCTh HPABCTBEHHOI
chepbl JIMUHOCTU; OTCYTCTBME 3HAHUIT O MUpe
npodeccuii, OTCYyTCTBME HAMEPEHMIA, CBSI3aHHBIX C
BBIOOPOM mpodeccuu U MpodeccuoHaTbHOM mes-
TEJIbHOCTHIO, HETATMBHOE OTHOIIEHME K Tpodec-
CMOHAJIBHOMY BBIOOPY, OTCYTCTBME ITpodeccuo-
Ha/IbHBIX IPUTSI3aHNI, He3HAHME CBOMX MHIVIBU-
IyaJbHbIX BO3MOKHOCTEN, OTCYTCTBME OIbITa B
MpodeccuoHaAbHON esSTeNbHOCTU; HeyMeHMe
CTaBUTD LieJIM, MPOEKTUPOBATh M MOZIENNPOBATH
MyTU UX JOCTUXEHMUS; OTCYTCTBME CTpeMJIEHUS K
camMmopean3aLyn.

2. Hmerowue HapyuwieHuss 6 JUYHOCIMHOM
paseumuu, Cy3eHHyH 6pPeMeHHYI nepcneKkmuey
O6yodyuiezo (Hcusyujue «Ce200HAWHUM OHeM»). DTa
KaTeropusi BOCMUMTAHHUKOB XapaKTepusyeTcsl He-
YI0BIETBOPUTETHbHOCTHIO XKM3HbIO; BBICOKOM JINY-
HOCTHOJ TpPEeBOXXHOCTbIO, CBSI3aHHOI C OTCYT-
CTBMEM >KM3HEHHbBIX CMBICJIOB; HU3KOI aKTMBHO-
CTBIO B TPYIOBOIJi U 06IIeCTBEHHO-II0Ne3HOI Jes-
TeIbHOCTY; OTCYTCTBYEM ITPOGeCCHOHATBHBIX I1e-
JIell ¥ TIJIAaHOB; HETOTOBHOCTBIO K ITPOJO/IKEHUIO
o6pa3oBaHMs; HU3KOM MOTPE6GHOCTHIO B Mpodec-
CMOHAJbHOM CaMOoOIpeeeHun; HecPopMUpo-
BAHHOCTBIO MPOdeccuoHaNbHO BpeMEeHHOI Tep-
CIIEKTUBBI; HeC(OPMUPOBAHHOCTHIO OPUEHTUPO-
BOYHBIX, IMOVICKOBBIX, IIPOEKTUPOBOYHBIX,
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aHAMUTUYECKUX YMEHUI; HEKOMIIETeHTHOCThIO B
CUTyalMM BbIOOpA; HETOTOBHOCTBIO K B3poOcCiie-
HUIO.

3. XapakTepusywliuecs HU3KOI COLMaIb-
HOJT MOTUBaLIMel, MpeobiaJlaHeM acolaTbHOTO
MUY PUCKOBAHHO-3alMTHOTO NTOBeAeHMs. [JaHHas
KaTeropmus BOCIIMTAHHMKOB MMEIOT TaKMe Xapak-
TePUCTUKU, KaK JIMYHOCTHASI TPEBOKHOCTD, SIBJISI-
I011AsICSI Pe3yAbTAaTOM HM3KO COLMATbHON MOTU -
BalluM; HEYMEHMe YCTaHaBIMBATh MEKIUUHOCT-
Hble KOHTaKThI B Ipollecce yueOHOM HesTeslbHO-
CTM U HU3KMUeE, BCIELCTBME ITOTrO, MOKa3aTelu B
yuebe; HeyMeHMe YCTaHABIMBATb KOHTAKTHI B M-
POKOJI cOUMaNbHOM cpefie U, Kak CleCcTBUe, HU3-
Kas TO3HaBaTeJbHAass KOMIIETEHTHOCTb; TPYIHO-
CTM B COLMATbHOM B3aMMOZEICTBUM, COITPOBOX-
Jarolyecs HeraTMBHBIM OTHOIIIEHMEM K OKpYysKa-
IOIUM JIIOSIM; OTPULIATENIbHOE OTHOIIEHUE K
npodeccruoHanbHOM  [1esTelbHOCTU; HEroTOB-
HOCTh K MPOAO/DKEHNIO 06pa3oBaHMs; 3aBbIIIEH-
HBII MM 3aHMKEHHbI YPOBeHb IIpodeccroHasb-
HbIX MPUTSI3aHUI; HU3KUIT YPOBEHb OTBETCTBEH-
HOCTY 3a CBOe IMpodeCcCMOoHATbHOE U KU3HEHHOE
camooIipeieseHue.

[Mpurnamass BOCOUTAaHHUKOB U3 APYTUX KBap-
TUP, YYUTHIBAIO HAJIMUYME pa3HbIX KaTeropuii mop-
POCTKOB ¥ 10 BO3MOXHOCTM KOMIIJIEKTYIO TPYIIIThI
B COOTBETCTBMM C HUMM, Habupas JeTeit co CXO-
HBIMM ITpo6IeMaMu.

IMpy opraHusanuu 3aHSITUILI C BOCIIUTAHHMU-
KaMyM TIepBOJ KaTeropmMm ynaessiilo BHMMaHMUe Ha
dbopmupoBaHe Y HUX 3HAHUI, yMEHMIi, HABbIKOB,
KOMITETEHIIMIA, CBSI3AaHHBIX C CUTYyallyeil BbIOOpa
npodeccuut 1 KM3HEHHOTO ITyTY B II€JIOM; Pa3BU-
TUIO UX BOJIEBOIt cdepbl; TOMOUM B OCO3HAHUU
MHIVBUAYJIbHBIX BO3MOXKHOCTeN; ¢dopMupoBa-
HUIO HABBIKOB Ile/ienoiaraHusI U TPOeKTUPOBAHUS
cBOero npodeccruoHaaIbHOro 6yayIero.

Co BTOpOI1 KaTeropuei BOCIUTAHHUKOB 00JIb-
IIoe BHMMaHMe HampasJsio Ha GopMupoBaHMe
SKM3HEHHBIX CMBICJIOB, MPodecCHOHaTbHBIX Ile-
JIeil, BpeMeHHO IepCHeKTUBBI Oy IYILIEro, a TakKe
OPMEHTUPOBOYHBIX, IIOMCKOBBIX, [TPOEKTUPOBOY-
HBIX, aHAJIMTNUYECKUX YMeHI/[ﬁ IIyTeM BK/IIIOUEHMA
YYaluxcs B pa3auyIHble BUAbI MTPAKTUUECKOI Jesi-
TEJIbHOCTU  (MCCIeIOBATENIbCKOM, TMOMCKOBOIA,
TIPOEKTHOM U Jp.).

B paboTe ¢ mogpocTKamMu TpeTbeit KaTeropuu,
CUMTAIO, UTO ITPUOPUTETHBIM AO/DKHO CTATh 00Y-
yeHMe yuyaluxcsi HaBbikaM 3 ¢eKTUBHOIO B3au-
MOJIeiCTBUS C OKPYXKaIoUMMHU JIIoIbMK; Gopmu-
pOBaHMe MO0JIOXKUTETbHOT0 OTHOIIEHUS K pa3/ind-
HBIM BUZAM IpodecCHOHANbHON AesTeNTbHOCTH;
OCO3HaHMe CBOMX MHAVBUYAIbHBIX CKIOHHOCTEN

¥ BO3MOXKHOCTEN B X07ie (hOpMUPOBAHUSI peam-
CTUYHOTO YPOBHS TIpUTSI3aHuii; (PopmupoBaHue
OTBETCTBEHHOCTH B IIpoOliecce MIPUHSITUS pellleH i
Y CITOCOOHOCTEN K aHAIMU3Y UX TOCIEeICTBUIA.

Takum o6pasom, paboTasi C KaXKIOi KaTero-
pueii BOCTUTAaHHMKOB OYIEeT MMEeTh CBOIO CIIEIN-
dbuky. B niaHax 3aHSITHIT TI0 TIOATOTOBKE BOCIIM-
TaHHUKOB K ITpodeccroHabHOMY CaMOOIIpeiesie-
HUIO T[IpefCTaB/ieHbl YIpaskHeHUsI, KOTOpbIie
MOSKHO BKJIIOUATh B paboTy C pasHbIMM IMOJPOCT-
KaMM, HO OTOOp /I JaHHOI KOHKPETHO IPYIIIThI
MPOM3BOIUT COLMANbHbIN Teparor. TombKo cam
mejaror, oTéupasi MOAPOCTKOB Ha 3aHSTHE, pe-
IIaeT, Kakue yrpaskHeHUs! OyIeT MIPUMEHSITh JIJIs
IOCTUKeHUS Liejieii M 3a7au 3aHSITUSI, CKOIbKO
BpeMeHM 6GyIeT IMOTpavyeHO Ha OTPabOTKy Ipue-
MOB ¥ HaBBIKOB yYaIMMMCS, Kakyio ¢opmy pa-
60TBHI C ITOJIPOCTKAMM BHIOPATH.

B cBS13M € TeM, UTO yCBOEHME TeOPEeTUUECKUX
3HaHUII MO MpodeccMoHaIbBHOMY camoorpezesne-
HUIO [I7I1 BOCIIUMTAHHUKOB MOKET IpefCTaBsTh
3HAUUTEbHYIO TPYOHOCTD, SI TIPOBOXKY JOMOJIHU-
TeJibHble MHAVBUAYaJbHbIE 3aHSITUS C KaKIbIM
MOJIPOCTKOM, a HeMOCPeACTBEHHO MpaKTUUecKue
37IeMEeHTBbI, KOTOPbIE YCITeIIHO OCBOEHbI, peaan30-
BBIBATh B IPYIIIIE.

Bosnblioe BHMMaHMe YAensi YIPaKHEHUSIM,
HampaB/IeHHbBIM Ha CaMOaHa/IM3 U CAMOOIIeHKY, B
OCHOBE KOTOPBIX JIEXXUT IMOCTaHOBKA BOIIPOCOB:
«KTO0 51?», «Kakoii 1?», «Kakum s cTaHy?» U T.I., TaK
KaK OHM MMEIOT INIyOMHHOEe 3HaUeHue IJ1s1 BOCITM -
TaHHMKA. BO3MOXHO BO3HMKHOBEHME BasKHO Te-
peIOMHOM CUTYyalluu, KOTAa MOJPOCTKY, TPUBBIK-
1eMy OTBeyYaTh MPaKTUUeCcky Ha BCe KM3HEHHbIe
BOIIPOCHI IPYIIIIOBBIM «MbI», IIPUXOOUTCS IIPUHU-
MaThb CaMOCTOSITe/IbHOE pellleHye, Kacalolleecs
TOJIKO €ro CaMoro, ero co6CTBEHHOro «SI» B
HACTOSIIMIT MOMEHT U B GymymnieM. PyKOBOACTBO
BBITTOJIHEHMEM TaKMUX YIPaKHEHUI TpebyeT OT
MeHS HauboJiee TIATeIbHOM IMTOATOTOBKMU, TaK XKe,
Kak 1 MpoBejieHMe TPYINOBOro aHaau3a, OpraHu-
3aIMsl TaKOM «0OpaTHOW CBSI3M», KOTOpas He
HaHecs1a 6bI TICUXOJIOTMYECKOTO Bpeaa BOCIIUTAH-
HUKY, a, HA060POT, MO3BOJIMIA Obl €My OCO3HATh
MPOMCXOISIIIVEe BHYTPU HEro M BOKPYT HEro Ipo-
11ecChbl, pa3BUTh HaBbIKM CaMOaHaaM3a, HayUUThCS
TOBOPUTH O cebe, 3asIBJISATh O cebe, TOPAUTHCS CO-
6071,

B 3aBMCHMOCTY OT IICUXOJIOTMYECKUX OCOOEH-
HOCTell BOCIIMTAHHMKOB SI BbIOMPAIO pa3vMyHbIe
yIIpaskHEeHMS, YUUTHIBAI0 MHAMBUIAYAIbHBIA TEMIT
paboThI KAKIOT0 BOCIIMTAaHHMKA. [IpakTHKa MTOKa-
3bIBaeT, YTO BOCIIUTAHHUKU MOTYT B 3HAUUTENb-
HOIl Mepe OTJMYAThCSl PYT OT Apyra Mo TeMITy
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ocBoeHMs1 MaTepuana. OnHM 0CBauBalOT MaTepual
ObIcTpee, BCIEICTBME Yero BpeMsI Ha BBIIIOTTHEHE
3aJaHMIi BbICBOOOKIAeTCs. B Takom ciyuae s me-
pepacripefiesisiio ero Ha JIpyrue yrnpaxHeHwus), 60-
Jiee CJIOXKHBIE I10 CBOEVi AVHAMMKe U COLepKaHUIo.

U3 Bcero cka3aHHOTO MOHSITHO, YTO JOCTMKE-
HMe Pe3yJbTaTOB PabOThl 3aBUCUT HE TOIBKO OT
YCUINIA BOCIMUTAaHHUMKOB, HO B 3HAUYUTEJbHON
Mepe OT MOero MoAXoAa K IJIaHUMPOBaHUIO U IIPO-
BeJleHMIO 3aHSITUII 10 MOATOTOBKE BOCHMUTaHHU-
KOB K NpodeCcCMOHATbHOMY U JKM3HEHHOMY CaMO-
oTpesie/IeHNI0, K CAMOCTOSITeTbHOM KU3HU B 00-
1IeCTBE.

Tema, BbIOpaHHAS B CTaTbe, UMEET CBOIO aKTy-
aTbHOCTb B HacTosiliee Bpemsi. Ha Moit B3rsn,
BHeIpeHMe pa3paboTaHHbIX GOPM U METOMOB
npodopueHTAllMOHHOM PaboThl, TTPOBOIUMOI C
BOCIIMTaHHMKAMM, MOKa3bIBaeT IOJOXKUTENIbHbIE
M3MeHeHusI B CHOpMUPOBAHHOCTM ¥ BOCIIUTAHHU -
KOB CIIOCOGHOCTM K MPOQeCcCUOHATBHOMY CaMO-
omnpeJeeHuIo.
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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
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to choose a profession and describes the stages of career guidance work taking into account age characteristics.
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