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ON3UKA

3AXBATKHUH Anekcanap IOpreBnyu
Poccug, r. banamuxa

0 ®U3NYECKON NMPUPOJE UHEPIITMN B HEOK/IACCUYECKO! ®U3UKE

AHHomauus. Paccmampusarmcs 80npocsl pusutieckoli npupodst peHoMeHa UHepyuu 8 KOHMeKCme HeoK1Ac-

cuueckoli pusuxu.

Knroueesle cnosa: unepyus, Kuxepeus, opacepausi, axepeusl.

B HacTosIIee BpeMs MOHSTHE UHEPLUU TIPEro-
IAéTcs B IIKOJIax Kak CjaeICTBYe 3aKOHA MHep-
1107078

«Ceolicmeo mes coOXpaHsams c8010 CKOpOCMb Npu
omcymcmeuu deticmeust Ha HUX dpyaux men Hasbl-
eawm uHepyueti mes (0m 1aMUHCK020 1064 inertia
— 6e3dessmenbHOCMb, KOCHOCM®B). Tloamomy u yka-
3aMHbITl 3aKOH HA3bIBAIOM 3AKOHOM UHepYUU, a 06u-
JHeeHue npu omcymcmeuu deticmeust Ha mesio opyaux
men HA3vl6aiom dguxceHueM no uHepyuu.» [3, c.78].

OU3SUYECKUIT SHLUUKIONEeAUYECKUI CJI0Baph
JlaeT cienyoliee ornpeaeeHne MHEPLUN:

«MHEPIIHMS (unu uHepmHOCMb) 8 MeXAaHuKe —
€80liCMB0 MamepuaivbHeIX me, Haxodauiee ompa-
Hceue 8 1-m u 2-m 3akoHax mexanuxu. Kozoa eHeu-
Hue go30elicmaus Ha meJo (Cuibl) 0MCcymcmeyom
UIU 83aUMHO ypasHosewusaomces. MHepyus npose-
JIS1emcsi 6 mom, umo meJsio COXpaHsiem Heu3MeHHbIM
COCMosIHUe C80€20 D8UMEHUS WU NOKOSI N0 OMHOue-
HUI0 K MAaK HA3vléaemoll UHepYuanvHou cucmeme
omcuema. Ecnu e Ha meno delicmeyem HeypagHo-
8elleHHas cucmema cujl, mo ceoticmeo uHepyust cka-
3bl6A€MCsL 8 MOM, UMO U3MEHEHUEe COCMOSIHUSL NOKOS1
UIu O8uUMeHUs meaa, m. e. udmeHeHue ckopocmeti
€20 mouex, npoucxodum nocmeneHHo, a He M2HO-
8€HHO; Npu 3mom deuieHue UsmeHsiemcs mem meo-
JieHHee, uem 6onbule uHepyust mena. Mepoti unepyuu
mena siensiemcs ezo macca.» 2, c. 182].

[Tpuyém Ba)KHO OTMETUT, YTO B CTaThe «MHep-
LMajbHasl CUCTeMa OTCYETa» 3TOTO JKe CI0Baps,
YKa3bIBaeTCs Ha TO, YTO 3TO MOHSITUE «U.C.0.» SIB-
JISIeTCSI aOCTPAKTHBIM, TO €CTh, 9TO He (pM3UUecKast
XapaKTePUCTUKA TAKOTO SIBJIEHUS KaK «MHEePLUSI»,
a BCIIOMOTaTeIbHBbI MaTeMaTU4YeCKUil MHCTPY-
MEHT, ITO3BOJISIOIINII COOTHOCUTH MEXIY C060i
MaTeMaTU4ecKye ImapaMeTphbl PasJTNIHbIX 00beK-
TOB. [ToaTOMY B Heok/Iaccuueckoit Gusuke 3TOT

TepPMMH He UCITONIb3YeTCsl, TaK KaK HAaXOOUTCS 3a
npenenaMu (U3NIECKON pPeaTbHOCTU, KOTOPYIO
M3yyaeT U MUccaedyeT HeoKaccuueckass Gu-
3uka/1/.

HemocpenCcTBEHHO TEPMUH «MHEPLMSI» BBEN B
HayuHbIli 060poT VMoranHn Kerjiep B CBOEM Tpak-
TaTe <«BoImuolieHnu acTpoHomuu KorepHuKa»
(1618-1621), roe, B 4aCTHOCTU, OTMEYAI:

«H60 edunbli dsuxcumens [Contye] 00HUM c8OUM
spaweHuem nepemeujaem wecms niaavem... Cinedo-
sameJibHo, eciu Ovl naaHemst He obnadanu ecme-
CMBeHHbIM conpomueieHuem uUKcUposaHHoli eeu-
UUHBL, MO He ObL10 Obl NPUUUH, N0 KOMOPbIM OHU He
cnedosanu Obl MOYHO 3ad 8PAULAMENILHBIM O8UNCe-
HUeM c80ez0 dsuxcumens U, makum o6pasom, He co-
sepulaiu Obl NOJIHBLI 060pOM 8Mecme ¢ HUM 3d 00HO
u mo e epemsi. OOHAKO, Xoms 8ce OHU UGYmM 8 Mmom
e HanpaejieHuu, 8 KOmopom epawaemcst 08UMcU-
menb, HU 00HA He docmuzaem 6 NOJIHOL mepe CKopo-
cmu dsuxcumens, u [, kpome mozo,] oona [nnavemaj
dewcemcs medneHHee dpyeoii. CnedosamesibHo, OHU
cmewiugarom 6 onpedesieHHoU hponopyuu Ovlcm-
pomy deuxcumens ¢ uHepyueti cgoeti mamepuu».

Tonbko ciycTst 65 et Hbl0TOH 060CHOBAT U3-
MeHeHMe OpOUTAIbHOM CKOPOCTYU IUIaHEeT 3aKo-
HOM BceMMpPHOro TSTOTEeHMS, KaK BEJIMUMHY 00-
paTHO MPOTOPIMOHATBHYIO PACCTOSTHUIO TUTAHET
ot Comxua. To ectb, Keriep, Kak u ero cpegHeBe-
KOBBI€ IIPeaIIeCTBeHHMKY, CUMTAN «CTPeMIeHNe K
okow» (inclinatio in quietem) BHyTpeHHMM CBOJI-
CTBOM TeJIa, KOTOPO€e OHO COXpPaHsSIeT U TOraa, Ko-
rga HaxoauTcs B OBIoKeHuM. CBOMCTBEHHOE Te-
JlaM, Ha TIOBEPXHOCTU 3eMJIU, CTpeMJIEHUE K TIO-
koio Keriep mepeHOCUT Ha HeGeCHble OOBEKTBI.
Hecmorpst Ha TO, uTo mpencraBieHue Keriepa
0Ka3aJIoCh OIIMO0YHbIM, HbIOTOH B CBOe€ii Mexa-
HMKEe, TeM He MeHee, He TOJIbKO COXpaHSeT



AKTyaJIbHBIE UCCIIEIOBAHUS * 2025. N29 (244)

W dusmka | 7

TIOHSATHE VHEPIMM, HO U AAET eMy (U3UUECKYIO
VMHTEePIpeTaInio:

«BpoxcdenHas cuna mamepuu ecta hpucyujas eii
CNOCOOHOCMb CONpOMuseHUs, N0 KOmopoii 8csikoe
omdesnbHO 83Moe meJlo, N0CKOJIbKY OHO hpedocmas-
JIeHO camoMmy cebe, yoepicusaem ceoe COCMosiHue no-
KOSl WU pABHOMEPHO20 NPAMONUHELHO20 DBUINEHUSI.

THosicHeHue:

«Jma cuna ecez0a nNponopyuoHaibHa macce, u
ecu omauuaemcss om uHepyuu Mdaccel, mo pasee
MOJIbKO 8033peHuUeM Ha Hee.

Om uHepyuu mamepuu NPoucxooum, umo 8csKoe
meno Auwb ¢ Mpyodom 8b1800UMCS U3 C80€20 NOKOS
wiu 0guxceHus. [10aImMomy «8pOH#OeHHAs CUNA» MO2A
0Obl OblMb 8eCbMA 8PA3YMUMENILHO HA38AHA «CUTOKO
uHepyuu» (Vis inertiae). dma cuna nposieisiemcs me-
JIOM eOUHCMBEHHO JULUb K020a Opyzas Cud, K Hemy
NPUNOIEHHAs, NPOU3B0OUM U3MEHEHUE 8 e20 COCINO-
sHuu. IposieneHue amoli cunsl moxcem Ovlme pac-
cmampueaemo 08051KO: U KaK conpomuseJsieHue U Kax
Hanop.

Kax conpomusneHue — nockonvky meuo npomu-
sumcs deticmeywujeli Ha Hezo cuje, CMpemscsb Co-
Xpamume €80e COCMosiHUe; KaK Hanop — nocKoabKy
mo e mesno, ¢ mpyoom ycmynas cujie conpomueJis-
Houjezocs emy npensimcmeust, Cmpemumcs U3MeHumby
cocmosHue amozo npensamcmeusi. ConpomuejieHue
npunucsieaemcst 066IKHO8EHHO MeJIAM NOKOSAUWUMCS,
Hanop — menam dswicywjumcs. Ho dsuxcerue u no-
KO, npu 006IMHOM UX PACCMOMPEHUU, PA3NUUAOMCs
JIULUb 8 OMHOWEHUU 00HO020 K dpy2omy, ubo He 8cezoa
Haxooumcsi 8 noKoe mo, 4mo maxkosviM NPOCMOMY
8327190y npedcmasnsemcs.» (HbioToH, MaTtemaTu-
YyecKye OCHOBBI HATypasibHOM (utocodumn. Ompe-
Ienenue III).

N Kemnep, n Hbl0TOH, OJi1s1 onpeneieHUs Co-
MPOTUBEHMS Tejla M3MEHEHMIO ero COCTOSTHMS,
MICITO/Ib30BAIM JIATMHCKOE CJIOBO «inertia», KOTO-
poe o3HavaeT — 6e3/eliCTBIeE, JIEHb, BSJIOCTD, 0Ue-
BUTHO, TIPOTUBOIIOCTABJISISI 9TO COCTOSTHME CTPEM-
JIEHUIO TeJT K MU3MEHEHMIO UX COCTOSTHMS. IIpy aTOM
HbIOTOH BCE-TaKM OTMeEYaeT, YTO MHePLUs CBO-
CTBEHHA He TOJIbKO JIeHU, 6e3/1esITeTbHOCTY, HO U
Haropy, KOTOPbIiI Takke TpeOyeT 3HAUMTETbHbIX
BHEIIIHUX YCYWINI [IJIsT ero u3MeHeHus. To ecTh B
9TOM CMBbICJ/Ie TIOJ «MHepLueit» HaJo cCKopee Io-
HMMAaTh He JieHb, a HEKYI0 6e3bIHULMATUBHOCTD
MaTepuu, €€ PUTUIHOCTb OTHOCUTEIBHO CBOETO
MICXOTHOTO COCTOSIHUS TIPeJIIECTBYIOIIEEe ero u3-
MeHEeHMUIO.

HeioToH, pasBuBasi umaeo Kerutepa o6 mHep-
1IMY, KaK BHYTPEHHEM CBOJICTBE MaTepuu, CBA3bI-
BaeT eé ¢ Maccoii Tejia U CIIOCOGHOCTBIO K COMPO-
TUBJIEHUIO I3MEHEHMST CBOET0 COCTOSTHMS JTIOOBIM

BHEIIHUM CIJIaM, KOTOpbIe JIMOO IbITAIOTCS MPU-
HYIUTb 3TO TeJO K JABVKEHMIO, eCiM OHO HaxXo-
IUTCS B IIOKOE, 60 KakuM-11bo 06pasomM usme-
HUTb ero ABVDKeHMe, eC/i OHO YKe 10 3TOTO IBU-
rajiocb. JTa MHTepHpeTauus MHepLUuu 1 Jjierjia B
OCHOBY ero [lepBoro 3akoHa MeXaHMUKU, KOTOPBIN
yCTaHaBAMBAET YCJIOBME, IPY KOTOPOM TeJI0 MO-
sKeT 6eCKOHEUYHO HaXOIUThCS B [IOKOE MUJIM PaBHO-
MEpPHOM [IIBIDKEHMM, TI0OKa Ha Hero He GymeT BO3-
IelicTBMe KaKuX-11n60 BHEIIHMX CUJI.

@dakTuuecku GopMyIupoBKa MHepuuu Helo-
TOHA, OO HACTOSIIEro BpeMeHM He IIpeTepIiesia
HMKaKUX M3MeHeHui, 1 ero [IepBbiit 3aKOH MeXxa-
HUKMU SIBJISIETCS] 6A30BbIM B IIOHMMAHUM TIPUPOILI
UHEePLUH.

OCHOBHBIM ITIOJIOKEHMEM HbIOTOHOBCKOI'O ITO-
HUMAaHUS VHEPLHA SIBJISIIOTCS IBa OCHOBHBIX (haK-
TOpa: Macca TeJia ¥ ero ClI0COGHOCTh K COMMPOTUB-
JIEHMIO M3MeHEeHMsI CBOEero COCTOsIHMS. [IJIst TOro
YTOOBI MOHATh HMPUPOAY MHEPIUM HAIO IpeXIe
BCEro MOHSITb MIPUPOAY TTOKOS U OBUKEHUS.

[Toko1 — OTCYTCTBME IBVDKEHMUSI.

JIio60e OTCYTCTBME IBVDKEHMSI MOXKET YKa3bl-
BaTh Ha JIBa (haKTOpa: OTCYTCTBME Y Tejia SHEPIU
B0O06IIIE, 1160 3Ta SHEPrUs HAXOAUTCS B IIOTEHIIN-
aJIbHOM COCTOSIHUM B BUJIE Ipaceprum.

Hampumep, mpenmeT JeXXMUT Ha Kpaio CToJjIa
HeTMOABVDKHO. [I7s1 ABVOKEHUS] TOPU3OHTAJIBHO Y
Hero HeT MOTEHIIMATIbHON SHEePIruM, 1 IoKa Ipes-
MEeT He TIPUO6PETET KMHETUUECKMIT UMITYIIbC, KO-
TOPBIN MepegacT eMy HeoOXOOUMYIO JIJIsl IBIKe-
HUSI SHEPTUIO, OH OyIeT 6eCKOHEUHO JTOJITO JIEXKATh
Ha 3ToM MecTe. Ho BOT eciu M3-1101 HErO pe3Ko
ybpaThb CTOJI, TpeaMeT HauYHET C YCKOPEeHMeM Ia-
IaTh B HampaBjeHUu LeHTpa 3eman. To eCTh, BCeé
3TO BpeMms ITOKa OH Jieskasl HeIloBMKHO Ha CToJIe,
B HEM ObLIa Ipaceprusi, KOTopasi Ipy 6JIaronpusIT-
HbIX VCIOBMSAX CTajia IIpeoOpa3oBBIBATHCS B
KUHEPIruio. [IBMsKeHMe 3TOro Teya 6ymeT IpoIo-
SKaThCs 0 TeX MOP, TI0Ka OHO He BCTPETUT oUepe[i-
HYIO TIperpajy, HalpuMep MoJi, KOTOPbIi MOTJIO0-
TUT KMHETUYECKYI0 SHEepTuio Taalollero Teja, u
OHO CHOBa OOGPETET IMMOKOI, ¥ COOTBETCTBYIOIIYIO
Ipacepruio.

WTak, ocHOBHAs1 pu3uyeckass XxapaKTepucTuKa
TTOKOSI: IGO0 TIOJTHOE OTCYTCTBUE B Tejle (0ObEKTe)
SHeprum, obecreunBawIleii ero apkeHue B [Ipo-
CTPaHCTBe, MO0 9Ta SHEepPrus HaXOAUTCS B HEM B
MMOTeHILMaTbHOM COCTOSIHMM Apacepruu.

IIBu>keHMe — OTCYTCTBME TOKOSI.

[Bu>keHue (OTCYTCTBME TIIOKOS) YKasbIBaeT
TOJIBKO Ha OJHO €IVHCTBEHHOE YCJIOBME — Tejo
MMeeT KMHEPruio, TO eCTb, OHO KaKUM-JIU6O CII0-
coboM Mpuobpeso SHEPIUI0 MO BO3IEiCTBUEM
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MeXaHWYeCKOTO MMITYJIbCA, U 9Ta SHeprus GopMu-
pyeT nBIWDKeHMe Tena (06beKTa) B HAIMpaBIeHUNU
IeliCTBUSI MeEPBUYHOTO MMITyJibca. Eciu mpu sTOM
HampasjieHe 0CIeI0BaTeIbHbIX UMITYTbCOB OY-
IeT MEeHSIThCSI OHO 6yIeT OBUTaTbCs 10 CJIOKHOI
TpaeKTOpUH, OIIpeesisieMOoi HarTpaBJIeHUSIMU UM-
My/IbCOB, TE€HEePUPYEeMbIX 3SHEPTUIO [ABVKEHUS
Tesa.

V3 ripuBeieHHOT'O BbIllle IpuMepa, HeMoABIIK-
HOTO TIpeiMeTa Ha CTOJjie, Mbl BUAUM, UTO IJIs U3-
MEHEHMS COCTOSIHMSI 0ObEeKTa JO/DKHBI ObITh pea-
JIN30BaHbI YCJIOBUSI: TMOO 0OpeTeHus] HeoOX0oau-
MOJi SHEpPrMM OT BHEIIHMX MCTOUYHUKOB, JMOGO
yCTpaHeHMe MPEeNnsTCTBUI peaau3alyy cCOOCTBEH-
HOJt mpacepruu o0bekTa. IHBIMM CIOBaMM, IJIsSt
peanusauuy OBVDKEHUS BCerga A0JDKHA MPUCYT-
CTBOBAaTh YHEPTUSI B TOM WJIM MHOM COCTOSIHUM,
mmbo B Buae mpacepruu (IIOTEHIMATbHON SHEp-
M), b0 B BUIe KUHEPTUM (KUHETUUECKO
SHeprum).

Ho B cityyae, eciu TeJIo yke paHee Ipuodpesio
SHEPIUI0, ¥ Ha4ajI0 ABVKeHMe, M0, €€ Ie/iCTBUEM
BHEITHSSI CpeJia, B KOTOPOIt OCYIeCTBISIeTCs 3TO
IBIDKEeHME, 6ymeT oTOMpaTh y Tejla SHePruio, KO-
TOPYIO0 OHO PacxXoAyeT Ha I BVDKEHMUE.

B ycnoBusax 3emsn Takue GakTOpPbI SIBHBI
(Hanpumep, TpeHME U IFIOTHOCTD CPeibl), HO BOT B
YCJIOBUSIX TJTYOOKO KOCMOCA UX HET, Y €CJIY UCKITIO-
ynUTh GaKT AMCKPETHOCTU IIpoCcTpaHCTBa, TO IBU-
KeHMe Tel B YUIOBMUAX TyOOKOTO KOCMOCA
DOJDKHO OBbITh G€CKOHEUHBIM O[T BO3IENCTBUEM
eIMHUYHOrO MMITyJibca. Ha 3TO Ham, HampuMmep,
yKa3bIBaeT JBIDKeHMe I1aHeT BOKpYT CoHLIa, U3-
MeHeHMe CKOPOCTU [ABIDKEHMUS KOTOPbIX COBpe-
MeHHbIe Cpe/ICTBA HAO/TI0IeHN S HEe OTMEeYAlOT, UTO
IaéT OCHOBaHME CUUTATDh ITOT PaKT MOATBEpPsKAe-
HueM IlepBoro 3akoHa HblOTOHA: IIpU OTCYTCTBUN
BHEIIHUX (PaKTOPOB ABMSKEHME TeJ TIOJ BO3[eli-
CTBMEM TIEepPBMYHOTO MMITYyJAbCa ITPOJODKAETCS
6eckoHeuyHO. Ho BOT HabiomeHe 3a ABMKEHMEM
(OTOHOB OT yHaJEHHBIX MCTOYHMKOB ITO3BOJIMIIO
BBISIBUTb (D€HOMEHBI «KpPAaCHOTO CMEIEeHUS» U
«PEJINKTOBOTO M3JTyYeHMUsI», KOTOPbIE YKA3bIBAIOT
Ha TO: YeM JT0oJibIle (POTOH HaXOUTCSI B COCTOSTHUM
IBVDKEHMS, TeM OOJIbIlIe OH 3a 9TO BpeMs TepsieT
9HeprMmM CBOEro MEepPBUYHOrO MMMynabca. M mo-
CKOJIBKY Ha €ero myTu MeXAY MCTOUHUKOM U
HabmomateneM Kpome IIpocTpaHCTBa HUYEro
00JIbIlIe HET, TO MbI BBIHYKAEHBI CIIe/IaTh BBIBOJ, O
TOM, UTO 3Ty 9HEPIH1I0 ITIePBUYHOT0 UMITY/Ibca (o-
TOHa Moryoniaer camo IIpocTpaHcTBo, 1, caegoBa-
TeJbHO, OGECKOHEUHOe [BVDKEHME TIIOof, BO3[eli-
CTBME eIVHUYHOTO MMITY/IbCca GpU3MIECKM He BO3-
MOSKHO.

To, UTO MbI, 3TOT (DeHOMEH TOTJIONIEHNS SHEp-
iy TIpocTpaHCTBOM He HabI0maeM Ha MpUMepe
IBYDKEHUS TIJIAHET, CBSI3aHO JIUIITb C UX MaJjIoii, 1Mo
CpaBHEHMIO ¢ (OTOHOM CKOPOCTBIO ABIVKeHMs. B
5TOM C/Iyuyae COBOKYIIHOE ITOIJIOLIeHME IHepPIUM
[TpocTpaHcTBOM GYIET BO CTOMBKO Pa3 MEHbIIIe Ha
eIVHUITY MacChl, BO CKOJIBKO pa3 MeHbIIle KBagpaT
CKOPOCTM IBVDKEHMS IIJIaHeT I10 OTHOLIEHMIO K
KBaZpaTy CKOPOCTM [IBVOKeHUSI (DOTOHOB. JIjist
3eMJIM 3TO COOTHOIIEHMe, HalpuUMep, pPaBHO
1,0*10, mosTomy MbI 1 He Hab/OHaeM eé M3Me-
HEHMe CKOPOCTH, B OT/INYME OT POTOHOB.

WTak, Heokmaccuyeckas (usuka pasinyaer
IBa BUAA MHEPLUM: MHEPUUST TOKOS U MHepLUs
IBVDKEHUS.

VHepius MOKOSI, XapaKTepusyeTcs b0 IMoJ-
HbIM OTCYTCTBMEM B Tejie (0OBEKTE) IHEPIuH,
60, e€ MPUCYTCTBYE TOJIBKO B BUIE IPACePTUNA.
[T TOTO YTOOBI BHIBECTU TEJIO U3 COCTOSTHUS T10-
KOS HeOOXOIMMO IepenaTh eMy COBeTyIollee KO-
JIMYECTBO SHEpPIUM, HOOCTaTOYHOE, UTOGhI OHO
CMOIJIO MPUOBPECT CIIOCOOGHOCTh K IBVIKEHMUIO,
ITI03TOMY B 9TOM ITPOIECCe OCHOBHYIO POJIb UTPAET
MOIITHOCTH ITEPBUYHOTO UMITY/bca. Ecyii ero mori-
HOCTb BejIMKa, TO BpeMs M3MEHeHMs CKOpPOCTU
IBYDKEHUST Tejla OT HY/IS OO0 MaKCMMyMa MWHU-
MaJIbHO, HAIIpuMep, BpeMsl MPeooaeHNs] IJIMHbI
CTBOJIA JJISI OTHECTPEJIbHOTO opykusi. Eciau mor-
HOCTb TEePBUMYHOTO MMITY/IbCa, IO OTHOIIEHUIO K
Macce Teja (06beKTa) HeBeJMKa, TO Iepexof OT
MTOKOSI K pPABHOMEPHOMY IOBVKEHUIO, MOXKET 3aHM-
MaTb 3HAUYNTEIIbHOE BpeMs, KakK, HallpuMep, Y
O0JIBIIETPY3HBIX KOpabseit, 0 HEeCKOJbKMX Ya-
COB /2/.

ViHepiusl OBVOKEHMSI, XapaKTepu3yeTcs eduH-
CTBEHHBIM IIOKa3aTeleM — YPOBHEM KUHEPIUM.
[IJist TOro 4To6hI MPEKPATUTDb ABVKEHME, HE00X0-
IVIMO CO30ATh YCOBMS MaKCHMMAIbHOTO ITOTJIOoNIe-
HUSI KUHEPIUU IBIOKYIIErocs tena (o6beKra), ca-
MO€e 3KCTpPeMabHOE M3 KOTOPBIX SHEPreTUYeCKu
MIpOYHas perpaja, BCTpeya ¢ KOTOPOii OCYIIeCTB-
JIIeT B3aMMHOE TIOTJIONeHNe KMHePTUM ABUTAI0-
IIEerocs Teja, Kak IpemnsiTCTBYEM, TaK ¥ CAMUM Te-
JIOM. JIJ1S1 TIOT/IONI e HMSI M30BITOUHOI SHEPTUM IBU-
skeHMsT 6e3 TOBPEXIEeHMSI CaMOro Tejla Heo6Xo-
IVMO MCIOJb30BaTh CaMble Pas3/IMYHbIE CIIOCOObBI
TIOTJIONEHNST YHEPTMM, HAuMHASL C IPOTUBOHA-
MIPaBJIEHHOTO VMMITYJIbCA, M KOHYAasI IKOPEHUEM O
TPYHT. B TI060M ciTyuae MHepLNS IBVSKEHMS OYIeT
MIPOMIOJIKATBCS IO TeX MOp, ITOKa He OymeT uspac-
XOJIOBaHA BCS KMHETHYecKas sHeprus teja (06b-
€KTa).

Takum 06pa3oM, MHEPLIMSI B HEOK/IACCUUECKOI
¢usmke TmnoHMMaeTcs JubO, KaK HEJOCTATOK
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SHepruym (MHEpIMSI TOKOS), b0, KaK M30bITOK
SHeprum (MHepLusl OBVKeHMSI) B MeXaHM4eCKOi
cucreme.

B oTimune OT Kiaccuueckoit GusuKu, HeoKac-
cuyeckas GM3MKa He paccMaTpuUBaeT MHEPIMIO
KaK BPOXIEHHOE CBOVICTBO MaTepuu, a TIOHUMAeT
€€ KaK COOTBETCTBYIOUIMII YyPOBEHb BHYTPEHHEl
SHepruu Tena (06beKTa).

@eHOMEH MHEPIMM Mbl MOXKEM TaKKe HaOJTIO-
JlaThb BO BpeMsI repelauy SHepruu OT OJHOTO Tesia
(06beKTa) Apyromy. DTO XOPOIIO BUIHO Ha Cedy-
I0lI[eM IPUMeDe.

IIBa Tejila OAMHAKOBOI MacChl IBUKYTCS B Off-
HOM HampaBJeHUM Ha HEKOTOPOM MHTepBajie
MeXIy cob6oit. Y mepBoro Teira CKOpocTh U, Y BTO-
poro 2u. CopaumBaeTcs, UTO MPOU30iiaeT, KoTaa
BTOpOE TeJ0 JOTOHUT IlepBoe?

Iljis TOro YTOOBI OTBETUTH HA 3TOT BOIPOC, C
YYETOM KMHETUYECKO WMHepHuu, Heo6XOaMMOo
chopMyIMpOBaTh YCIOBME OOMeHa 3Hepruein
MeXAy TeJaMu.

[Tocko/IbKY 3HEPTUS, ITO YHMUBEPCAIbHOE I0-
HSITME, TO Mbl MOKEM BOCIOJb30BAaTbCS aHaIo-
rueii TepMOAMHAMMKM, KOTOpas IMpeaycMaTpu-
BaeT nepeavy TeIJIOBOM SHEPTUM OT OJJHOTO TeJa
Ipyromy TOJbKO IO YPOBHS paBHOBecus. [IBa Tena
C OIMHAKOBOJ TEIJIOBOJ SHEpruei eé He OOMeH -
BAlOTCS, TO €CTh HM OJJHO U3 HMX HE MOXKEeT Harper
IPYyToe 3a CYET CHIYDKEHMSI COOCTBEHHOI TeMIIepa-
Typbl. T ke MPOUCXOIUT U C KWHETUUECKOI 3Hep-
rueii. JIBa Teja OAMHAKOBOM MacChl, KMHETUYECKU
CBsI3aHHBbIE MeXIy c060t U BbIBellleHHbIE HA OfI-
HOJ U TO¥ Ke BbICOTE Ha PaBHbIX IJIeyax YpaBHO-
BelIMBAIOT APYT APYyTa, U He MOTYT MepefaTh Mpo-
M3BOJBHO CBOIO SHepruio coceny. Ha atom nmpuH-
1uume paboTaloT paBHOIUIEUHbIE BeChbl. MHBIMU
CJIOBaMU, IHepreTUYeckoe paBHOBeCHeE He MoJpa-
3yMeBaeT 0OMeHa SHepTrueii Mexmy Teamu (00b-
ektami). Ho BOT MHepLys BHOCUT B 3TOT OOIIMIi
3aKOH SHepreTUYecKOro paBHOBECUS CYIeCTBEeH-
HYIO TTOMpPaBKy. IIpy 6bICTPO MPOTEKAIOMIUX IIPO-
meccax obMeHa SHeprueii BO3MOXHA Ilepenaya
SHEpPIUM CBEpPX PaBHOBECHUS], Uero Mbl He Ha6IIO-
JlaeM B TepMOJIMHAMMKE.

CMmbICTT 9TOM moMpaBku B cinenyiomem. KnuHep-
TSI pacIipOCTPaHSIeTCsl B MaTepUMU He MTHOBEHHO,
a Takke, Kak 1 TeIJIOBasi 3HEPIus C oIpeieIeHHOM
CKOpPOCTbIO, KOTOpasi OIpefesseTcs MHAVUBULY-
aJbHOM KMHEPrompoBOJHOCTHIO MaTepuasia Tea.
K coskanenuto, Kiaccuueckoit pusmke 3ToT pusn-
yeCcKuii mapaMmeTp He 3HaKOM, HO OT 3TOTO OH CTa-
HOBUTCSI MeHee peajibHbIM, [I09TOMY €ro Heo0xo-
IVMO YUUTBIBATh.

Utrak, yHUBepCa/JbHBII 3aKOH SHepreTuye-
CKOTO paBeHCTBa OOMeHa SHepPruyM YCTaHaBJIM-
BaeT, YTO HU OJHO TeJIo (06beKT) He MOKET moje-
JIUTBCSL C IPYTMM TeJIOM (O6BEKTOM) SHepruei
CBepX paBEeHCTBA UX 3Hepruii. Mexnay Tem mnepe-
Jaya 9HepruM, 5TO He MTHOBEHHBbIN mpolecc, a
PaCTSIHYTbBI BO BpeMeH!, He0OXOIMMOe JIJISt OCBO-
eHUS TIOJIyYeHHOI SHepruy maTepuajoM Tesia
(o6beKTa), M0ITOMY Iepefava SHepruu GakTuye-
CKM ITPOUCXOIUT ObICTPEe UeM OTK/IMK Ha e€ ToJTy-
yeHme. Kmaccuueckas ¢wmsmMka Ha CErofHS He
TOJIBKO He chOopMyaMpoBaia IOHSATHE KUHEPTO-
MIPOBOIHOCTHM, HO U He pa3paboTasia MeTo, pelie-
HMS IOJOOHBIX 3a1a4.

[MosTomMy pacCMOTPUM 3TOT METOJ, HEOK/TaCCH-
yecKoi Gu3MKM Py pelleHuy BbIllle MPUBEIEH-
HOTO [IpMMepa € AByM4 IapaMu (TeJlaMu).

IMockonbKy, ABa 1apa, Mocjie TOro Kak BTOPOit
IOTOHUT TIePBbIii, OCYIIECTBIT 0OMEH SHEPTUIMHA,
TO pelleHMe HauMHaeM C 3aKOHa COXpaHeHUs
SHepruy Nnpy yCIOBUU PaBEHCTBA SHEPIUMU 11apOB
TOCJIe CTOIKHOBEHMS

E. =m.u.’ = E; + E; = mu? + m(2u)? = 5mu?;

ITpy m, = 2m;

Ec = 2mu.? = 5mu?;

uc’ = 2,5u%;

uc = u4/2,5= 1,581u.

UTtak, Mbl NONYYUIU CPEIHIO CKOPOCTH IIa-
POB 1oc/ie o6MeHa SHepruei, mpyu 3TOM JBa mapa
MIPeICTaB/ISIIOT COO0J Y3Ke CUCTEMY U3 IBYX IAPOB
JIBUTAIOLIEIOCS C YPAaBHOBEILIEHHOM CKOPOCTHIO.

Ho, npekpaiieHne o6MeHa TPOVICXOIUT He TIPU
3TOI CKOPOCTU BTOPOTO (SOTOHSIIOINIETO) 1apa, a
HEeCKOJIbKO MEeHbIIIel, TaK Kak IepBblil (IOroHse-
MbIif) IIap OCBauBaeT MOJIy4YeHHYI0 SHEePTUIO C He-
KOTOpPOI1 3aAep>kKoii. [Io3TOMY, CKOPOCTb IIPU KO-
TOPOJ IpeKpalllaeTcs MpeaBapuTe/bHbI SHepre-
TUYeCKMit 06MeH, HaXOoMUTCs 13 GajiaHca CUI 10 U
TocJe B3auMOJeCTBUS :

m;u + my(2u) = mus + myus;

npmm; =mp;=m,;

3mu = 2mus;

Uz = (1,5)11

Temepb HaM M3BeCTHA CpeAHSST CKOPOCTb CU-
CTeMbl TIPU SHEePTeTMUYEeCKOM PaBHOBECUM, U CKO-
pOCTh, TIPU KOTOPOI MPOUCXOOUT MpeKpalieHue
npegBapuTeNbHOro obmeHa. OTcioga HaXOIUM
CKOPOCTh TEPBOTO (AOTOHSIIOIIEr0) Iapa IMocsie
MpeKpalieHns npeJBapUTeNbHOTO 3SHepreTudye-
CKOro obmMeHa:

u4 = 2uy/2,5- (1,5u = 1,6623u.

WTak, B 3TOM KOHKPETHOM C/Iy4yae, B pe3yiib-
TaTe SHEPreTMYeCKOro o6MeHa CKOPOCTM IIAapoB
U3MEHWINCH:
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e Yy IepBOro (AOTOHSIOIEro) 1apa ¢ 2u Ao
1,6623u.

e Yy BTOPOrO (OOTOHSIEMOrO) ILiapa C U OO0
1,5u.

Pasumiia B ckopoctsax 0,1623u o6ycioBieHa
(beHOMeHOM MHepLMM MEpenauyu SHEPTUM OT OI-
HOTO Iapa Apyromy. B manHoM ciydyae dheHOMeH
VHepHUM SHEePTreTUMYeCcKoro obMeHa CBSI3aH CO
CKauK00Opa3HbIM CHIKEHMEM CKOPOCTH 0OMeHa B
CBSI3M C YMeHbIIIEHMEeM YpOBHS IlepenaBaeMOoii
sHeprun. IIpu 3TOM MpolLiecc SHepreTUUecKoro 0o-
MeHa He OCTaHaBIMBAETCS, HO CYIIeCTBEHHO CHMU-
SKAeTCs ero MHTEHCUBHOCTD.

[Tocne TOMHOTO 3aBepiieHUs KUHETUUECKOTO
obMeHa IMIapbl MPUMOOGPETAIOT OAMHAKOBYIO CKO-
pOCTbh:

u. =0,5(1,6623 + 1,5)u = 1,58115u.

B kimaccuyeckoit ¢usuke 3TOoT (peHOMEH 3a-
Iep>KKy 0OMeHa SHePTUSIMM MeXIY IBYMs TeJlaMu
He YUUTHIBAETCS.

Haunbomee CJIOXKHBIM CTydaeM Iepefauyy SHep-
MM OT OJHOTO TeJla OPYTOMY SIBJISIETCS IMPSIMOE
CTOJIKHOBEHME ABYX TeJ IIPU IIeHTPaTbHOM yIape,
KorJga OJHO TeJo JBUXKETCS, a Jpyroe Herno-
IBUKHO. [Ipy HeGOMBIIMX CKOPOCTSIX CTOJIKHOBE-
HMe TTPOVICXOIUAT TIO0 BBIIIIE PACCMOTPEHHOM CXeMe,
KOT'Ia 9Hepryst OSHOTO Tejla paBHOMEPHO pacIipe-
IessieTcs Ha IBa ¥ 00a MPOI0JDKAIOT ABMKEHME CO
CKOPOCTbIO PaBHOJ ITOJIOBMHE CKOPOCTU yaapsiio-
miero tena. Ho B ciyuae Kiamnmitoca SHeprist IBU-
SKYIIETOCSl Tejia TOJHOCTHIO TepemaéTcsl Hero-
IBIDKHOMY TeJly, IIPY 3TOM HaJIeTeBIlee Tejo
OCTAHABIMBAETCS HA MeCTe KOHTAaKTa ABYX TeJ, a
BTOpOe HauMHaeT ABMKEeHMEe CO CKOPOCTbIO Iep-
Boro. Takast cuTyaLysl MPOTUBOPEUNT 3aKOHY 00-
MeHa dHeprusMM, Korjga hakTUuuecKy Mocjie paB-
HOBECHOTO 0OOMeHa, epBoe TeJIO MPOA0JIKAET ITe-
pemaBaTh CBOIO SHEPTUIO TeIy YKe C OOoJbIieit
SHepruesi YeM y Hero caMoro.

B sTom cjiydyae Mbl BUAMM, KJIaCCUUYECKYIO 3a-
IepsKKY MEKIY repeadeil SHePIUM OMHMUM TEJIOM
" €€ OCBOEHMEM JIPYTUM, KOTOpas SIBISIETCS CIIe[I-
cTBMEM GeHOMeHa MHEePITUM TTOKOSI.

IOast Toro 4yTo6bl HayaTh OBMKEHME Bce IIPO-
CTPAHCTBEHHbIE TOUYKM HEIMOJBMXHOTO TeJa
IOJKHBI TIPMOOPECTM OOMHAKOBYIO SHEPIUI0, a
MPOCTPAHCTBEHHbBIE TOUKM TeJa, KOTOPOe JIBUTa-
JI0Ch, OJDKHBI OTAATh CBOWO 3Hepruio. IIpomecc
repefauyy SHEPTUM ABVSKYIIETOCS Teja MPOMCX0-
IUT TeM ObICTpee yeM O0JIbIlle CKOPOCTh ABIKY-
mierocst Tejaa, C OXHOV CTOPOHBI, a C JOPYroii
HampapjieHe KMHeTUYECKOrO MMITYIbCa CTPOTO
OPUMEHTUPOBAHO B TOUKY KOHTAKTA.

B HenmoABWXHOM Tejie, KaXaas ero MpoCTpaH-
CTBeHHasl TOUKa, BO-IePBbIX, COIPOTUBISIETCS U3-
MeHEeHMI0 CBOero COCTOSIHMS, TaK KakK [IJIsl TIOTJIO-
[MeHUs SHEepPrMM UM HeoOXOAMMO HEeKOTOpoe
BpeMsi, KaK Mbl BUJENIU IO NPeIbIayIleMy Mpu-
Mepy HeCKOJIbKO OO0JbIIeMY, YeM UIET Iepegava
9HEepPruu OT IBMKYILErocs Teja, a BO-BTOPbIX, LIap
(B cydae KJIAIIITOCA) BHYTPU CaMoro cebsi me-
HSeT HallpaBjieHMe IIpeJaHHOrO0 MMITy/IbCa OT
MIPSIMOJIMHEITHOTO ABVKeHMs B AuanasoHe ot 0 1o
90°, YTO COOTBETCTBEHHO CKa3bIBAETCS HA YPOBHE
9HEepruy HalpaBIeHHO CTPOTO MO HAaIpaBIeHUIO
ynapa. COBOKYITHOCTb 3TUX (aKTOPOB IIPUBOJIUT K
CYLIECTBEHHON 3aJlep>kke Tiepefayu 3SHEPrUmn.
Cama mepenmada OymeT OCYIIECTBJISTHCS OO TeX
1Op, MMOKa HeMOABVDKHBIN 1Iap He HAUHET IBIDKe-
Hue. [T TOro, 4YTO MOT OBITh peayn30BaH
KJIAIMILITOC, BpeMsl IpMéMa U Tepefauu SHepPruu
IOJIKHBI COOTHOCUTBHCSI KaK BelMuMHa KMHeTu4Ye-
CKOTO MMITYJIbCa K MMITYJIbCY TPEHUSI TIPEnsITCTBY-
IOIerT0  Havaldy [ABVWKEHUS  HeNOABVIKHOIO
miapa /3/:

to/t1 = Yi/Yr = 1/(0,5Kqy);

kyp — k03 dUIIMEHT TpeHUS;

s 6vnbsipaHOTO CyKHA Ky = 0,255

tz/tl = 8

Ecmm GymeT M3BeCcTHa KUHEPTrOMPOBOTHOCTD
MaTepuajga OWIbSIDAHOTO Illapa, TO He CJIOXKHO
paccuuTaTh, CKOPOCTh OMTKA IJIS1 BBIIOJHEHMS
KJIAIIITOCA. A 0 TeX MOp, ITOKa TaKMUX UCCIe0Ba-
HUIA HeT, CWia yaapa Ajisl ero BbIIIOJIHEHUS Ompe-
TIeJISTCSI METOAOM ITpo6 1 OIK6OK.

B r060M cityuyae ImoyiHas mepegava SHePTuu OT
OAHOTO Tejia APYTOMY BO3MOXHA TOJIBKO B TOM
cyyae, KOTIa Bpems mepenauy He 6Gosbiine 1/8
BpPeMeHU NPUEMa SHePTUM HeMOABVKHBIM TeJIOM.
B paHHOM Cyyuae MHepUMs Mepefauy SHEPTUU OT
OJTHOTO TeJIa IPYromMy 06yc/IoB/IeHa hU3NIeCKUMU
XapaKTepUCTUKaMU OOMEHHBIX TeJI, OoIpepese-
MBIX X KUHEPTOIIPOBOIHOCTHIO /4/.

[TonBoast UTOT IPOBEAEHHOMY UCCIeN0BaHUIO,
clenyeT OTMETUTDb, YTO COBPEMEHHOe IpeCTaB-
neHve 06 WHepUMY, K COKAIEHUIO, OCTAETCS IO
cux nop Ha ypoBHe XVII Beka, paccmaTtpuBas eé
Kak Hekoe crenyuduyeckoe CBOMCTBO MaTepuab-
HBIX TeJI COIIPOTUBIISITHCSI U3MEHEHUIO CBOETrO CO-
CTOSIHMSI, HE COOTHECEHHOE C COBPEMEHHBIMU
MpeaCcTaBaAeHUSIMMU O GU3NUECKOM CTPOEHUM Ma-
Tepun. B XVII Beke emié He 6bUI0 cHOPMYIUPO-
BAaHO ITOHSITUE SHEPTUM, TTIOSTOMY IBIDKEHME Oe3
IBVDKUTEJISI pacCMaTPUBAIOCh KaK HEOObSICHUMOE
cBOJCTBO MaTepum. CerogHs Mbl y>kKe 3HA€M, UTO
MIPUYMHON JII0O0TO ABVKEHMS SIBJISIETCSI KMHEP-
TSI, KOTOpas IepefaeTcss MeXaHMueCcKoii CucTeme
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OT MICTOYHMKA SHEPTUH, [TO3TOMY JIBVDKEHYE OUITb-
SIpAHOTO IIapa mocJie yapa o HeMy Kus IPOJ0J-
SKaeTcs A0 TeX Mop, ITOKa He OyIeT ucuepriaHa 1no-
JlyueHHas IIapoM Heprusi, uiau Ha ero IyTu He
BCTPETUTCS TIperpaja, KoTopasi MOTJA0TUT BCIO U3-
OBITOUHYIO SHepruio Imapa. C APYroil CTOPOHBI,
e HeoGXOAMMO CABMHYTH C MECTa TSDKEJbIN
TpeMeT, TO YCU/INIL OHOTO YeJioBeKa MOXeT JIJist
9TOTO ¥ He XBaTUTb, B 9TOM C/IyJyae Hago JIubo muc-
MI0JIb30BaTh YCUJIMSI HECKOJbKUX YesIOBeK, 160
MPUMEHUTh  COOTBETCTBYIOIIVE  MeXaHU3Mbl,
YTOOBI IIepenaTh Teay HeOOXOOVMYIO IIJIsT OBIKE-
HUSI BHEPTHUIO.

Takum o6pasom, ¢pusMueckass Ipupoaa MHep-
MM B HeOK/Iaccuueckoi (Gusmke paccMaTpuBa-
eTCcsl UCK/IIOUUTEebHO Yepe3 ypOBeHb 3SHEpIrumu
Tesa (00beKTa). EC/IM 3TOT ypOBEHbD JIJISI ABVIKEHUS
TeJla HeIOCTAaTOYEH, TO PeUb UIEeT 00 MHEPLIUY IT0-
Kost. Eciu aTOT ypoBeHb sHepruy u36bITOUEH, TO
peub ugeT 06 MHepUUM IOBVDKEHMS, KaKUX-T160
MHBIX CBOMCTB Y MaTepUaabHBIX TeJ MPOSIBIEHMS
MHEpPUMM B NPUPOAE He cyllecTByeT. IIpu aTom,
OCHOBHAasl Mepa MHepIIMK, 3TO He Macca Tesa, Kak
9TO MPUHSATO CUMTATh B KIaccuueckoil pusuke, a
YpPOBEeHb KMHETUUECKOTO MOTeHIIMala 3TOTO Tejia
8(e) = E/m = (m*u?)/m = u?. [lo3TOMY B HEOK/IaCCH-
yeckoit (usMke MHEpUMSI MOXKET ObITh OMMCaHa
ypaBHEHUEM:

N=K-®;

U — uHepuus Tena;

K — npnobperéHHas KuHeprus Tena (00beKTa)
OT TIEPBUYHOTO UMITYJIbCA;

@ — daneprus, oTepst SHEPTUM BO BPEMSI IBU-
SKeHMUSI TeJia.

IIpuK=0; K=E - [I;

E — monHas sHeprus Tena;

I — npaceprus (IoTeHIMa/IbHAasI SHEPTUS);

U =0 — uHep1Ms MOKOSI.

Ipu K = m*u? > 0;

m - Macca Tejya (06beKTa);

U — MTHOBEHHas WM CpefHsss CKOPOCTh Tesa
(0o6bekTa), B 3aBUCUMMOCTM OT MCTOYHMKA SHEp-
TUU: UMITYJIbC MU CUJIA;

N =K - ® >0 - nHepuus ABUKEHUSI.

[Tpu aTom, ciaemyeT yUMTbIBATh, UTO HUKAKME
CUCTEMBI OTCUETA HE MOTYT M3MEHUTH (u3ude-
CKUI1 YypOBEeHb MEPBUUYHOTO MMITYJIbCA, KOTOPBIN
repenaéT Teny (00beKTY) HEOOXOOMMYIO IIJIST OBU-
SKeHUST SHepruio.

IIpumeuaumns

/1/. VIctionb30BaHMe pa3IMUYHBIX CUCTEM OT-
cyéTa BBOOUT MCCAeIOBaTesell B 3ab6ayKIeHue.
s mpuMepa paccMoTpum COTHEUHYIO CUCTEMY.

Llentp ConHeuHol cucTeMbl COJIHIIE IBIKETCS
B IIpocTpaHCTBe MO ompejie/ieHHO TpaeKTopuu
OTHOCUTENIbHO LieHTpa l'anakTuku. B 310 Bpems
Bpanjawasics BOKpyr CosHIla 3emiisi, IBVDKETCS B
TOM Xe camoM IIpocTpaHCTBe yKe IO 6osiee CoK-
HOJ TpaeKTOpuM, a IpegMeT, KOTOpbIi HeIo-
OBIDKHO JIESKUT Ha MOBEPXHOCTU 3eMJu, IO ele
60J1ee CJIOKHO TpaeKkTropun. Ho u3 Tpéx paccMor-
PEHHBIX 00BEKTOB TOJIbKO NBa, CoJHIE U 3eMIls,
OBIDKYTCS TIO MHEPUUM, KaKIbII IOf, BO3Ieli-
CTBMEM COOCTBEHHOTO IIEPBMYHOTO WMMITY/IbCA,
MpUYEM 3eMJIs IIPU STOM KeCTKO cBsizaHa ¢ ComH-
1leM rpaBUTAlMOHHBIM B3aMMOJECTBMEM U TaH-
TeHLVAIbHOM CUI0M OpOUTAIBHOTO OBVKEHMS. A
BOT TpPeTMi YyYaCTHMK 3TOTO [BUKEHUS, Hero-
IBVKHBINM ITpeAMeT Ha [TIOBEPXHOCTU 3eMJIH, Ilepe-
meniaetcss B [IpocTpaHCTBe He MOA [IeiiCTBUEM
COOCTBEHHOW MHEpLUM, a Iof, JeiICTBUEM KUHe-
MaTUYEeCKOI CBsI3U ¢ 3eMui€ii. [Ipu sTOM momHas
MHepLUS 3TOro IpeamMeTa B IIpocTpaHCTBe oIpe-
nensietcss cymmoii uHepumii ComHIla U 3eMIIN.
Hackonmbko 3HaHMe 3TOro (M3UYECKOro Iapa-
MeTpa Heo6X0IMMO 10 OTHOLIEHUIO K HEITOABIK-
HOMY IIpeaMeTy, BOIIPOC PUTOPUUECKUIL, TTOITOMY
IJIST IPAKTUYECKUX I1Iejieil paccMoTpeHue 6ecko-
HEeYHOJ MOC/IeI0BaTeJIbHOCTY B3aMMOCBSI3aHHBIX
CUCTEeM, Kak IMPaBUjIo0, TepsieT CBOI0 aKTyaJbHOCTb.

B paccmoTpeHHOM IipuMepe IIpeCTaBIsIeTCs
MaJjIo 3HAUMMOi MHpopMaIys 06 MHEPIUM HeIo-
OBVKHOTO Ha 3eMiie MpeaMeTa OTHOCUTEbHON!
1eHTpa ['alaKTUKM B CBSI3Y C HECOM3MEPUMOCTBIO
UX pa3MepoB. A BOT oOlpefesieHMe ero MHepLUn
OTHOCUTE/IbHO TIOBEPXHOCTU 3eM/u [IeliCTBU-
TeJIbHO aKTya/libHO. B CBSI3U € 3TMM HeoKJaccuye-
ckast GpuU3MKa He MCKIIIoUast BCEBO3MOXKHBIX B3al-
MOCBSI3aHHBIX BapMaluii pas3jMyHbIX MeXaHuJe-
CKUX CUCTEM, TIPU 3TOM OPUEHTUPYETCS Ha UX OTI-
TUMaabHBIi MUHUMYM, [AJIs1 pellleHUs] KOHKpeT-
HbIX ITPAKTUUYECKMX 3a7au.

/2/. B aBTOMOOWJIbHOJ TeXHMKE IIpeoioJieHle
MHEPIINM ITOKOSI aBTOMOOMJISI M3MepSIeTCsl Bpeme-
HeM M3MeHEeHUSI CKOPOCTHU JIBMKEHMST aBTOMOOIIIS
oT Hyns fo 100 kv/4. Ha pucyHKe npencTaB/ieHbl
3HaUeHMs BpeMeHM pa3roHa pas3jIMuHbIX Mojeeii
aBToMobOueii Mepcemec 124 rmpu pasHbIX MOIIHO-
CTSIX IBUTATEJSs.
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Pacxog no nacnopty (n/100 km)

Mogudmkauns Ckopocte Pasron OO0wem MowHocTe Pacxop
E 200 W124 200 km/v 115¢ 1997 cm?® 109 n.c 8.6n
E 200 D W124 160 km/v 185¢c 1997 cm?® 75 n.c 6.7 n
E 220 W124 210 km/y 106 ¢ 2199 cm?® 150 n.c 8.8n
E 230 W124 199 km/y 104 c 2298 cm® 136 n.c 9.0n
E 250 Turbo-D W124 198 km/y 123 ¢ 2497 cm?® 126 n.c 7.5n
E 280 W124 230 km/v 91¢c 2799 cm? 193 n.c 125 n
E 300 4-matic W124 217 km/y 91¢c 2960 cm? 180 n.c 11.3n
E 300 D w124 200 km/y 128¢c 2996 cm? 136 n.c 7.4n
E 300 Turbo-D W124 202 km/y 109¢ 2996 cm3 147 n.c 7.9n
E 300 Turbo-D 4-matic W124 198 km/y 11.8c 2996 cm3 147 n.c 8.7n
E 320 W124 235 km/y 8.3c 3199 cm? 220 n.c 11.0n
E 420 W124 250 km/v 7.2¢c 4196 cm?® 279 n.c 11.8n
E 500 W124 250 km/v 6.1c 4973 cm3 320 n.c 13.0n
E 60 AMG W124 250 km/y 54c 5956 cm? 381 n.c 14.0n

Puc. Bpems paszoHa u MOWHOCM®b 08uzamens

MakcumManabHOe BpeMsl pasroHa 18,5 c. coort-
BETCTBYET MOIIHOCTH 75 JI.C., a MMHMMAaJIbHOE 5,4
C, COOTBETCTBEHHO MoIIHOCTU 381 j.c. VIHbIMU
CJIOBaMU, YTOOBI IIPEOIOJIETh MHEPLIMIO ITOKOS aB-
TOoMOOWIS B 3,43 pasa ObIcTpee, IOHAmOOMUIOCH
YBeJIMUEHME MOIIHOCTU CTapTOBOTO MMITYJIbCa
5,08 pasa. TakuM o06pa3omM, Mbl BUIUM, YTO
MHEPTHOCTb 3aBUCUT HEe OT MacChl™, a OT MOIIHO-
CTU TIEPBUYHOIO MMITY/Ibca. UeM OH 60Jibllle, TEM
HIKEe MHEPTHOCTD Teyia. Ho 3TO yke He HeKoe He-
M3BECTHOE CBOJMCTBO MaTepuy, a CAeAcTBUe 3a-
KOHA KMHETHYEeCKOli SHepruu, uemM oHa 6oiblile,
TeM ObICTpee HauMHAeT IepeMeliaThCs TeJlI0 B

MIPOCTPAHCTBE:
E = m*u? = me¥t?; nmpu £=1;
t = |(m/E)"?.

WHbpIMM CIOBaM¥, Ha TPEOJOJNIEHUE OIHOTO
MeTpa IPOCTPAHCTBA Teay TpebyeTcss BpeMeHM
TeM MeHbIIle, YeM OO0Jjblle IMpUoOGpeTEHHAS UM
SHEpIus.

Bpemst pasroHa B 9TOM CjTydae BEIUMCISIETCS U3
BBIPaKEHUS :

t, = t1(E/Ey)2 = 18,5(87/381)2 = 8,84 c.

@aKkTUYeCKMil pe3ynbTaT* oKasaucs Ha 3,44
(8,84-5,4) c myumre, 3a CUET YMEHbBIIIEHUS TIOTEPD
B paboTe Bcex MeXaHM3MOB YUaCTBYIOIIVX B Iepe-
Jaye MeXaHMYeCKOro MMITYJIbCa OT OBUTATeNs K
KojiécaM, MO CpaBHEHMIO C TIpeabIayIieit moje-
abl0. Takum ob6pasom, HabGIOJaeMblii pe3yabTaT
yKasbIBaeT HaM, BO-TIEPBbIX, HA TO, YTO COG-
CTBEHHO MHEPIIVS, 9TO €CTh SHEPTUS IBVDKEHMS, a
BO-BTODBIX, B Mepejjaye SHEPTUM OT JBUTATENS K

MUCIIOTHUTEIbHOMY OpraHy, HeMaJIOBasKHYIO POJIb
UrpaloT (GusMyeckue IPoLecChl IOIIOUEeHMS
SHEpPIUM, MPU 3TOM HMKAKUX OCOOBIX CBOVICTB Y
MaTepuu Ipy 3TOM Mbl He HabJI0JaeM.

*E 200 D W124 — 1430 xr; E 60 W 124 — 1660
KT. 12 J1.c. TOTpe6oBasoCh Ha IMPeo0IeHNE YBEJTH-
YyeHMs1 macchl Ha 230 Kr.

/3/. ®U3uUeCcKkuit CMbICJI 3TOTO YpaBHEHUS 3a-
K/IIOUaeTCsl B TOM, UTO HA4ajIo ABIOKeHME MOJIKHO
HayaThCsl He paHee YeM 3aKOHUMTCS ITOJTHAas Iepe-
lavya SHepPTUM OT OJHOro Teja IPYyromy, HO He
[103Xe, YeM MPOoMU30JiiAeT OTpakeHe SHEPIUU, UTO
IOJDKHO MPUBECTU K OTCKOKY HaJeTeBIIEro Tea.
[MosToMy, 3TO ypaBHeHMe HOCUT YCJIOBHBI Xapak-
Tep, ¥ HeOOXOOMMO JIUIIb JJISI TTOHMMaHUsI Bpe-
MEHM OCBOEHMSI IIOKOSIIIMMCSI TeJIOM SHEPIruu
BHEeIITHEro UMITYJ/IbC, 10 Hayaja ero ABUKeHMsI.

/4/. YCJIOBHO, B 3TOM CJ/Iy4ae, MOXXHO TOBOPUTH
06 MHEpPLUMOHHOM CBOJICTBE MaTepuyu B BUMAE
KMHEepProlpoBOAHOCTH, [0 aHAJIOTUM C TeIJIOIpo-
BOJHOCTBIO.
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3AXBATKUH Anexkcangp IOppeBuu
Poccus, r. banammnxa

0 ®U3NYECKO! IMPUPOJIE PbIUYATA B HEOK/IACCUYECKO¥ ®U3UKE

AHHomauun. PaCCMampusaromC}l 80Nnpocol d)uSuHECKOﬁ npupoabl dJEHOMeHa pbliaza 8 KOHMeKcme HeoKJac-

cuueckoli pusuxu.

Knroueswie cnosea: pbolduaz, KuHepaus, MmexaHudeckas cucmema, 66301’10[)H0€ dsueHue.

HnyTapx (45-127 rr.), ommchIBasT TOABUTU
IPEeBHEPUMCKOrO TOJKOBOAIA U TOMUTHYE-
CKOTO JIesiTensl, MATUKPAaTHOIO KOHCY/Ia PUMCKOi
pecrryonuky Mapka KnaBoust Mapuenia, B 212 T.
IO H. 3., B YaCTHOCTM, OTMeYaI:

«Mexdy mem Apxumed Kak-mo pas Hanucau
yapro T'uepory, c komopwim ObL11 8 Opyxcbe u podcmae,
Umo 0aHHOI CUON MOXCHO CO8UHYMBb H000L OaH-
Hblil 2py3; Kak coobuwaiwom, yeaeueHHslii yoedumes-
HOCMbl0 COOCMBeHHbIX doKaA3amenbCcma, oH 006asul
ceopsua, umo 6ydo 6 ez20 pacnopsyiceHuu oOpyzas
3emJisl, Ha4 KOMOpYy MOXCHO 6Gbl1o Obl 8CMams, OH
cdsuHyn Ovt ¢ mecma Hawty. TuepoH U3ymMusics u no-
npocu npemeopums 3my mbiCe 8 delicmsue u no-
Kasamo Kakyw-aubo msxicecmos, nepemeujaemyio ma-
JIbIM ycunuem, u mozoa Apxumeo eejiesl HANOJHUMb
00bIUHOTI K1AO0bI0 Yapckoe mpexmaumosoe 2py3080e
CyO0HO, HEAABHO C 02ZPOMHBIM MPYOOM BblMAUEHHOE
Ha Oepez uenow moJanow Jarwdeti, nocadun Ha Hezo
60/BUYI0 KOMAHOY MAmMpocos, d cam cejl Noodas U,
0e3 BCK020 HaNpsyeHus 6vimseuedst KOHel Ka-
Hama, nponyujeHHozo uepe3 cocmagHoii 610K, npu-
JdeuHyn K cebe Kopabab — maxk MedaeHHO U POBHO,
MouHO mom Nl o Mopi. Llaps 6bi1 nopaxceH u,
0C03HA8 8Ce MO2YU{eCnaeo 3Mmozo uckyccmaea, yoeoun
Apxumeda nocmpoums emy HecKoNbKo MAwuH OJis
3awumel u 0711 HanadeHusl, KOMopwle Mo2nu Obl NPU-
200umucsi 80 6cakoll ocade; camomy I'uepoHy, npo-
geduiemy 6OJIbULYI0 UACMb HUHU 8 MUpe U NPa3oHe-
cmeax, He NPUUWLIOCh 80CNOJIb308AMbCS UMU, HO me-
nepb U MawuHsl, U ux u306pemameib COCYHCUIU CU-
paky3sHam eepHyio cyxuby.» [3] /1/.

CobcTBeHHO, ApxuMe[ He U306pEN pbryar, OH
TIOHSIT ero ¢M3MuUecKye CBOMCTBA, ¥ HAYUMIICST UX
9(pdeKTUBHO UCIIOIB30BaTh.

BriepBpie 1cCHonb30BaHME CBOWCTB pbIyara,
OYEBUIHO, CJIeAyeT OTHECTU K 5 ThIC. 10 H. 3., KO-
IIa TOSBWIMCH TepBble PhbIYakKHbIe PaBHOILIEY-
Hble BeChbl, KOTOpble TO3BOJISUIM [TOCTAaTOYHO
TOYHO B3BEIIMBATb PAa3/IMUHbIE TOBAPhl COM3MeE-
psIst MX MeXXITY 06071 IT0 BeCy, UTo 06eCIIeunBanoch
bu3uveckMM 3aKOHOM pbIUara: IpOU3BeIeHNe

Beca Ha JJIMHY Ileda pblyara eCcTb BeJIMYMHA I0-
CTOSIHHasl, ¥ OIpeleiseTcs Kak MOMEHT Bpalie-
HUS:

M=P*¢, (1)

I'ne:

M — MOMeHT BpalleHus Iijieya pplyara;

P - Bec, IpMIOKEHHBI/I K CBOOOIHOMY Kpalo
pblyara;

{ — njvHa pblyara.

IByruieueBas 6aaka 6yIeT HaXOOUTHCS B PaB-
HOBeCUM, ecyiv OyIeT BBIMOTHEHO YCI0BMe:

M."[ = Ml'[’ (2)

I'ne:

M, — MOMEHT BpalleHMs JIEBOTO Iieya GaaKu
OTHOCUTEJIBHO OIIOPBI;

M, — MOMEHT BpallleHMsI TPaBOTo Iieua 6aaKu
OTHOCUTEJIbHO OTIOPBI.

Kak BMIHO M3 3TOr0 paBeHCTBa [BYIlJIeueBble
BeChl MOTJIM OBITh KaK paBHOIUIEUEBbIE, TAK U Pa3-
HOIIEYeBBIMM, KOTOpbIE Ha3bIBaIMCh Ge3MeH. Ta-
KM 06pa30M, KWNHEMATUYECKAsT CXeMa PhIYaskKHbIX
BeCOB Oblja JOCTAaTOYHO HAIJISIOHONM U He Tpebo-
BaJla [IJI peanusaluy ocobo IrimyboKkux dusmye-
CKMX 3HaHMI. ApxuMen BHOCUT B 3TOT IIPOCTEN-
M MeXaHU3M MPUHLIUIT MYJAbTUIUIMKALIMU (OT
nat. multiplico - ymHOXaTb, yBenuuuBath). OH
3aMeHseT BeC yCUIMeM, Iof, KOTOPbIM B HEOKJIac-
CUYECKO (M3MKe ITOHMMAETCS MeXaHU4YeCKUii
MMITYJIbC, ¥ TIOJIyYaeT y)ke CUJIOBOe ypaBHEHMe:

Y1 * E1 = Yz * Ez, (3)

OTkyna:

Y= YI*(EI/EZ), (4)

To ecTb, OTHOIIIEHME TIJIEY pbluara MpeacTaB-
JisieT co60i MeXaHWYeCcKuii MYyJbTUIUIMKATOpP, B
KOTOPOM WMMIIYJIbC, IPUJIOXKEHHBII Ha OLHOM
KOHI[e pbIuara, IpeobpasyeTcsl B MMITY/IbC Ha €ro
IPYyroM KOHIle KpPaTHO OTHOLIEHUIO IJIMH IuIeY
peiuara. 1o Apxumena pbluar HUKTO C 3TO TOUKM
3peHust He paccMaTpuBal, /ia U MOHSITHE MY/IbTHU-
IJIMKaLMM pblyara Tak [0 CUX IIOp OTCYTCTBYET B
KJIacCcuyecKoi Gpusmke.
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He TpymHO BuaeTh, 4TO ypaBHeHMe (3) mpeoob-
pasyeTcs B ypaBHeHMe paBeHCTBO IJleYeBbIX SHEP-
T'Mi1 ppIyara:

E=K=Y*¢{=m*a*{=m*u? (5)

Ine:

K — kuHeprus (KMHeTuuYecKas SHEpPrusi);

a — yCKOpeHMe repeMellieHus Teja Maccoit m;

U — MTHOBEHHasl CKOPOCTb TeJjia B KOHIIe ITyTH.

Torga:

E1 = Ez, (6)

CremoBaTebHO, PbIUAr IO CBOEN (GU3UIECKOI
CYTV B HEOKJIACCUYECKO (hMU3UKe SIBISIETCS IHEP-
reTMYecKUM OasaHcoM, ¢ PyHKIMed MyIbTUTUIA-
KaTopa.

Ho, noTteHuuanbHble BO3MOKHOCTM pbluara
9TUM He MCUepHbIBAIOTCS, TaK KaK MPUHIUII ero
paboThl OCHOBAH Ha BpallaTeJIbHOM IBVDKEHUM.
[TosTomy cBo¥icTBa pbluara B HEOKJIACCUUYECKON
dusuke paccMaTpUBAIOTCS TakKke U B YCIOBUSX
ero Bpaienus. [Ipu aTom MmakcumasnbHast 3ddek-
TUBHOCTb pbluara B 3TOM Cjy4yae OOCTUTAEeTCsS B
YCJIOBMSIX €0 AMcbaaHca, TO eCTh, B YCIOBUSX He-
paBeHCTBA ero MpaBo¥i U JIEBO YacTeii:

Y, ¥ 0 >Ys * Ly, )
E, > Ez, (8)
AE = E1 - Ez =m* (U12 - UZZ), (9)
AE =m * @? *(0;% - (%), (10)

u=w * R - TaHreHIMa/IbHast CKOPOCTH Tpy3a Ha
KOHIIaX pbluara;

 — YI7I0Bas CKOPOCTb BpallleHMsI pbluara;

R = { — npjiMHa 1ieva ppiyara.

TaHreHIMaabHas cuaa AucbamaHca pbryara
paBHa:

AF:=AE/w(l; - €2)=m * w *(€; + £), (11)

Llentpob6eskHas cuia (F;) BpalaTeabHOro OBU-
SKeHMS CBsI3aHa C TaHTeHIManabHOo cunoi (Fr) oT-
HolleHueM [1, c. 7-12]:

Fr = +/2Fr, (12)

Torpa:

AFr =V2+m*w=*L, (13)

I'nme:

L= (¢, + £3) — monHas OJiMHA pblyara.

U3 ypaBHeHnwmit (9) u (13) BUIHO, UTO IIpU paBs-
HbBIX MaccaxX Ha KOHIIaX pplyara, BO BpeMsi ero Bpa-
IIaTeJIbHOTO IBMsKeHMST HOPMUPYETCS] HEKOMIIEH-
CUPOBaHHAs LIeHTPOOEKHAS CMjIa B HAITpaBIeHUN
MaKCUMaJIbHOM Pa3HOCTU [JIMH ero Iuied. JTa
Cua 3acTaBisieT IBUTATbCS pbluar B IIpocTpaH-
CTBe He 3aBMCUMO OT Cpejibl, B KOTOPOI HaXOAUTCS
ero MexaHuyeckasi CMCTeMa, Tak KakK pblyar u3o0-
JIMPOBAH OT BHEIIHE Cpelibl, TO €CTh, B 9TOM CJTy-
yae, peaJn30BbIBAETCSI TaK Ha3bIBaeMbIil 3QeKT
6e30MOpHOTO ABMKEHMS [2, . 6-12]. B aTom cy-
yae pblyar BO BpeMsl CBOEro BpalleHus Oymer

yBJIeKaTb B HaMpaB/lieHUM HEKOMIIEHCMPOBaHHOM
IIEHTPOOEKHOM CWIbI BCHO MEXaHWYECKYI CHU-
CTeMy B KOTODOJl pealu30BBLIBAETCS €ro Bpalja-
TeJbHOE IBIKeHue /2/.

Takum 006pasom, mucOasaHC Bpallarollerocs
pbluara sIBJISIeTCSI OCHOBOJ 6e30IOPHOr0 IBIKe-
HMUSI, KOTOPOE B KJIACCMUYECKOi DU3MKe CUuMTaeTCs
HEBO3MO>KHbIM.

1t TpOTUBOLENCTBUSI UMITYIbCY TPaBUTALM-
OHHOT'O B3aMMOJIEMCTBUS Ha MeXaHUUYeCKylo CU-
CTeMY JIOJI’KHO BBITIOJTHSTHCS YCIOBUE:

AFr + @ = V2+m*w2+L=M=xg, (14)

AF, — cua mucbaiaHca pbluara;

W — YIJI0Basi CKOPOCTh BpallleHUs pbluara;

m — Macca IeHTPOOEKHOTO YTSKReJIUTeNs (TS-
razo);

g — yCKOpeHMe CBOGOIHOTO MafgeHus] B IpaBu-
TallMOHHOM II0JIE;

M - momHasi CHapsbKEHHasi Macca MexXaHuue-
CKOJ1 CUCTeMbI, KOTOpasi JOJIKHA TTPe00/IeTh CUITY
TSDKECTH.

OTKyma Macca IIeHTPOOEKHOTO YTSKeTUTeIs
(Taranmo), obecreunBaioniero sdderr 6e30mop-
HOTO IBVDKEHUST HAXOIUTCS U3 BbIpaskeHUs

m = (Mx*g)/(V2* w2 L), (15)

Hampumep, o1 MexaHMUYeCKO CUCTeMbl Mac-
coit 2000 kr, w=3000 06/c (314,16 pan/c), L=0,35 m
(0,3+0,05; AL=0,25):

m = (2000 * 9,8)/(v2 * 0,35 * 314,162) = 0,4012 kr.

[TopBoast UTOT MPOBEAEHHOMY UCCIEN0BAHUIO,
MOJXXHO CHieIaTh CAeIYIo/e BbIBOMbI.

B koHie III Bexk mo H. 3. Apxume[, IOHMMAET,
YTO MOTeHLMaabHble CBOJMCTBA pbluara 3Ha4YM-
TeJIbHO IINMpe, YeM YTUIUTApHOE B3BeEIIMBAaHMUE
TOBApoOB, ¥ OH BIlepBble OTPbIBAET B pbluare ero
CBOJCTBO MY/IbTUIUIMKATOPa, KOTOPOE CTajao MC-
MOJIb30BaThCSI CHauvaja B TMOJMCIACTe, a MO3XKe B
CUJIOBBIX peAYKTOpax C MOHVKAIOIIMM, MU TTOBBI-
IIAIONIMM YPOBHEM ITpeoOpa3oBaHMS AMHAMUKO-
KMHEMaTUYeCK1X CXeM, B 3aBUCUMOCTU OT KOH-
KpeTHOJ TeXHM4eCcKoi1 3agaun. Ho, K coxkaseHuto,
IabHeIIIero CBoero pasBUTHUS CBOVCTBA pblvara,
TakK [0 HACTOSIIErO BpeMeHU U He HallIN.

A Mexpay TeM, BpallalOUIUIACS pbluar ¢ mepe-
MEHHbBIM IJIEYOM MO3BOJISIET Peaan30BaTh He J10-
CTYITHOE KJIaCCUYecKoi husuke 6e30MopHOe ABU-
>KeHIe, Ha OCHOBe KOTOPOTO MOXHO CO37aBaTh Jie-
TaMO6GM/IM, CIIOCOBHBIE K MOJIETY B JIIOOBIX Cpefax,
TaK Kak pbluar, obecreunBaonmii Ux mojeT, 130-
JIMPOBaH KOPITyCOM arlfapaTa OT BHeIlTHel CpeJibl.
BesomopHoe ABMsKeHNE Ha OCHOBe pa3bamaHCUpO-
BaHHOTO pbIUara, 3TO COBepIlieHHO HOBOe Halpas-
JieH/e er0 MCIIOJb30BaHMUS, N0 HACTOSILETO Bpe-
MEeHM OcCTalollleecsi BHe MHTEpPeCOB YUEHBIX U
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CTeManucToB. B To Xe Bpemsi, TONbKO 6e3010p-
HOe JIBVDKEHME CeTOIHS MOXKeT PeIlNTb ITPO6IeMbl
TPaHCIIOPTHOI'O KOJIJIAICA, K KOTOPOMY CTpeMu-
TEeJIbHO BeIET YeJ0BeYeCTBO HAyYHO-TexXHUYe-
CKUI1 Iporpecc.

I[Ipumeuanmst

/1/. Panee Ilnyrapxa 06 sTom mucan uomop
Cynynuiickuii (90-30 rr. 1o H. 3.) B cBOi1 «cTo-
pPUYECKOii GUOTUOTEKE»:

«XVIII. (1) (Apxumed) uszomosun (8 220 2. do H.
3.) MexaHu3mbl 6OJILWOLE CUBL; MAK, C NOMOU{bIO Me-
XAHU3MA ¢ MPOLiHbIM OJI0KOM OH 0OHOLI MOJBKO Jie-
801l pyKoli nepemecmul CyOHO 2py30N006eMHOCMBIO
8 5 mblcsU MEOUMHO8 ™.

* 1 megumH = 39,17 kr; 5000 Mz = 195,9 TOHH.

Kro u xorma mepeBén 3Ty MHGOpMAINIO BO
(dpaseonorusmel «J/laiiTe MHe, TOe CTaThb, U S T0-
BepHY 3eMITio» 1 «JlaiiTe MHe TOUYKY OTIOpbI, 1 S TTe-
peBepHy 3eMJ/II0O» B HaCTOsIIee BpeMsl He WU3-
BECTHO, BEPOSITHO 3TO OBLIO YKe B paHHEM Cpe[i-
HeBEeKOBbe, KOr[a Mpobyamuics MHTepec K aHTU4-
HOJ Hayke. VICTOYHMKOM 3TUX (paseoyoru3mMoB
crano 3amevanue Ilnyrapxa: «...6ydb 6 e2o pacno-
psceHuu Opyzast 3emJis, Ha KOMOopy MOMCHO 0bL10
Obl 8BCMAMb, OH COBUHYJI Obl C MECMA HAULY».

®opmainbHO, 1 Juongop Cunmnuiickuii, u Ihiy-
Tapx, ONMMUCBHIBAIM HE COOCTBEHHO pbIUar Apxu-
Mena, a IOJIMCIIACT, MHOTOOIOKOBBI/I MeXaHM3M,
KOTOPbIii UCTIOIb30Ba/I ApXUMe[, IJis yBeanueHUs
CBOJi TSITOBOV CUJIBI ITPU TIEPEMEIIEHUN KOPabJIs.
Ouopop CULMINIACKUIA YKa3bIBAaeT HA TO, UYTO Ap-
XVUMe[I MUCTTOJIb30BaJI BCETO Tpu 6J10Ka.

st TOrO YTOGBI CABMHYTH C MECTA TPY>KEHBIN
Kopabnbp momo6HOro BomousmerneHust (= 200
T*CUaa), MCIOIb30BaHHbIN ApXMMeOoM TOJIC-
MacCT JOJ/DKeH ObLT MMeTb K03 duiuyeHT mpeobpa-
30BaHus yeunus 1:16000. MOXXHO TTpeIONIOXKNUTb,
YTO IepBbIi 60K uMeN KodbduuyeHT npeobpa-
3o0BaHus ycunus 1:80, Bropoit 1:20, Tpetuii 1:10,
TOrga CyMMapHbIi ko3 duLeHT

npeobpasoBanus 6buT paBeH 1: (80*20%10). [Mpu-
JIOKMB K mostucracty yewine B 50 kr*cusa (500 H),
Apxumen mor co3paTh ycwime Ha Bbixoge 800
ToHH*cma (8%10° H).

Bec HarpyskeHHOTO KOpPabJyis MOT COCTaBJSITh
200 ToHH. C yuéToM KO3(dUIIMEeHTa TpeHUS He-
peBa 10 nepesy 0,25, moyiHasi Harpy3ka Ha KaHaT
moria cocTasasiTh 800 TOHH*cuita. DTOT pe3yabTaT
Jlaxke CerofHsSI BOCIIPUHMMAETCS KakK (haHTacTuy-
HBI1, He TOBOPS Y3kKe 06 aHTUUHOCTMU.

ITpu 9TOM HAO YUYUTHIBATD, UTO KAXK/IBIN METP
KaHaTa CO CTOPOHBI ApXMMena, MO3BOMSII Iepe-
IBUHYTh KOpabsb Bcero Ha 0,0625 MM, ITO3TOMY
nepemMernieHne Kopabyis Ha OOUH CAHTUMETP
MOIJIO 3aHMMAaTh OKOJIO 2,7 MUHYT MPU CKOPOCTHU
NPOTSIKKM KaHaTa Apxumenom 1 m 3a 10 cekyHz.
T. e. 3a uac Kopabib MOT CIIBUHYTBCS BCETO JIUIIIb
Ha 22 ¢cM uau Ha 1 M mpuMepHo 3a 4,5 vaca.

/2/. KOHCTPYKTMBHO 3TO MOXET He Bcerpga OT-
HOCUTBCSI HETIOCPeACTBEHHO K pblyary, a Juilib K
VTSDKeJIUTeNIM (TsrajgaM), KOTOpble MMeIOT BO3-
MOKHO IlepeMellaTbCs BAO0Jb pbluara BO BpeMs
BpauieHus. B Teireckonmueckoii KOHCTPYKIAN PbI-
yara 9TO YCJIOBME OTHOCUTCSI HEeIIOCPeACTBEHHO K
caMOMy pblyary.
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ON THE PHYSICAL NATURE OF THE LEVER IN NEOCLASSICAL PHYSICS

Abstract. The issues of the physical nature of the lever phenomenon in the context of nonclassical physics are

considered.
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BOEHHOE AEJO

XOIKAMKYJIMEB Pycram MasinsiBueBuu
cyuiaTenb, BoeHHas akajieMust MaTepuaJibHO-TEXHUUECKOTO 06ecrieueHust
uMeHu reHepana apmun A. B. Xpynea, Poccust, r. CaHkT-ITeTep6ypr

HEKOTOPBIE ITEPCIIEKTVBHBIE HAITPABJIEHUSI PA3BUTHS CUCTEMbI
3AIIITHI, OXPAHBI, OGOPOHBI ITOZIPA3EJIEHUI MATEPUAJIBHO-
TEXHWYECKOI'O OBECIIEYEHUWS ITPU UCITO/Ib3OBAHNU
POBOTOTEXHUNYECKNX KOMIIJIEKCOB BOEHHOI'O HASHAYEHV S
(B T. Y. YIIPAB/IIEMbBIX OIIEPATOPAMMN)

AHHOmMauus. B cmamve packpuimsl cO8peMeHHble U NepcnekmusHsle HanpasieHus peuleHuli npoéaem no 3a-
Wumel, 0Xpamsl, 060POHbI U MACKUPOBKU NodpasdesieHUll MamepuanbHozo (MamepuaibHo-mexHu1eckozo) obec-
neueHus 80LiCK HAUUOHANBHOU 28apduu u 800pyxceHHbvIx cu Poccutickoii @edepauuu, komopsie mozau 6vl Obimb
UCnoab308aHsl Npu 8ederuu 6oeswix deticmauli U 8bINOJIHEHUU CYyHeOHO-00e8bix 3adad.

Kniouegsle cnoea: 8oiicka HayuoHaIbHOU 28apoul, 3auumad, 0Xpamd, 000poHa, MACKUpPos8Ka, noopasodeneHus
MamepuansHozo (MamepudanibHoO-mexHU4ecKko20) obecneueHus, pobomexHuuecKue KOMnaeKcol.

HOHBJ‘IEHI/IE HOBBIX 00JjIee COBEepPIIEHHBIX BUIOB
OPYKMSI TIPUBOOUT K M3MeHeHUI0 GopM U
C1oco60B BOOPYKEHHOI 60pbObI, UTO MPOSIBIISI-
eTCsI B COBPEMEHHBIX MOIX0Hax 0 OpraHu3alumn
3aIIUThI, OXPAaHbl ¥ MACKUPOBKM CUJI U CPEACTB
oA pasmesieHuni MaTepUaIbHO-TEXHUYECKOTO
obecnieuenust (manee — «<MTO»).

HeiicTBUS CUJT U CpeACTB moApasaenenuii MTO
obecreuMBalOTCI HaAeKHbIM 0OOEBBIM OXpaHe-
HMEM CpeICTBaMM VH)XEHEPHO pa3BeaKy U pas-
MMUHMPOBAHMS, XUMUYECKOI pa3BeIK! U 3alUTHI,
3aceKkpevnBalollel anmapaTypbl CBSI3U U BCECTO-
POHHMM TBUIOBBIM oGecrieueHueM. Takum obOpa-
30M, MEpOIPUATHSI M 3aJauy 3allyUThbl, OXPaHbI,
060POHBI ¥ MACKMPOBKM CUJI ¥ CPEJICTB MTOApa3e-
neHuit MTO Bo BpeMsI TTOATOTOBKYU U TIPOBEIEHMS
00€eBbIX MAENMCTBUII BBITTONHAIOTCS ¥ PeIIaloTCs
KOMILIEKCHO.

B HacTosee BpeMst HanboJ1ee MoJIHO TpeboBa-
HUSIM T10 SKMBYUYECTU, MOOMIIBHOCTY I aBBTOHOMHO-
CTU TI0  OTHOWIEHMIO K  obecrieueHuIo

MeponpusITUIA TIO 3alIUTe, OXpaHe U MaCKMPOBKE
cun cpencts MTO yOooB/IeTBOPSIIOT POGOTOTEXHMU-
yecKye KOMIUIEKChI BOEHHOT'O Ha3HavueHus (Jaiee
— «PTK BH»).

OcCo6eHHO aKTyaJIbHBIMM B HACTOSIIIIEe BPeMs
CTAHOBSITCSI BOIIPOChI OOeCrevYeHus 3alluThl,
OXpaHbl, 000POHBI ¥ MAaCKUPOBKU CWJI U CPENCTB
MTO B myHKTax BpeMeHHON auciaokauyu. [Ipmn
3TOM B CHUCTeMe 3allMUThl, OXPaHbl, 000POHBI U
MacKMUpOBKU cui u cpeacts MTO B MupHOe U BO-
€HHOEe BpeM$sl 3HAUUTebHAs POJb NMPUHAAJIEXKUT
3all[ATe OT OCHOBHBIX YTPO3 6e30MacHOCTH: HU3U-
YeCKUX, SIHePreTU4eCcKmx, IKOJOTMIeCKmx 1 T. [I.

HaseMmHBbIiT pOOOTOTEXHUYECKUIT KOMILJIEKC
«YpaH-9»:

Cpenu oTeuecTBeHHbIX Ha3eMHbIX PTK BH pa3-
BebIBaTe/IbHO-YIAPHOTO Ha3HauyeHMs, KOTOpbIe
MOTYT ObITh MCIIOJb30BaHbI IJIS 3AIIMThI, OXPaHbI
1 060pOHBI c1J1 U cpeacTB MTO, B riepByIo ouepenb
MOXeT ObIThb OTMEUeHO wusfmenue «YpaH-9»

(puc. 1).
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B coctaB BoOpykeHMSI MaHHOTO KOMILIEKCa
BXOmAaT: 30-MM aBTOMaTm4yeckas Iymka 2A72,
KVB «Araxka», mynemer 7,62 mm [TIKTM, PITO ITIM-
a «llImenn-M» u/unu PITIO-A, PITO-/I, PIIO.

Po6oToTexHnueckuit Komiiekc «Copart-
HUK»:

Takke oTeueCTBEHHOJ pa3pabOTKOIi, KOTopast
MOKeT HaliTu MpuMeHeHue [ 3alIUThl, OXpaHbl
" 060poHbI 06beKTOB MTO sIBjIsIeTCS Ha3eMHbBI
PTK BH «CopaTHuk» (puc. 2), npegHasHaYeHHbIN
IUISE BBITIOJTHEHUST 3amay pasBenKy,

\
e S

PasBegbIBaTe/IbHO-yAapPHbIif
(apmuu CIIA):

AHayornuHble pa3paboTKV UMEIOTCS U 3a pyoe-
KOM. B uacTHOCTHM, Ha pUCYHKe 3 TpencTaBiIeH
pasBenbiBaTebHO-60eBoii HPTK BH cpegHero
Kimacca Ha 6ase miardopmam RCV-Light u RCV-
Medium, mocTynamomuii Ha BOOPYKeHUEe apMuu
CIIIA. Oco6ennocthio ganHoro HPTK sBnsercs

«RCV-Light»

Puc. 1. HazemHulli po6omomexHuuecKuti KomMnaexkc «Ypam-9»

S

Puc. 2. PobomomexHuueckuti komniekc «CopamHux»

MaTPYAMPOBAHMS U OXPaHbI TEPPUTOPUIL 1 OObEK-
TOB, Pa3MUHUPOBAHMS U pasTrpaxkaeHus.

JJaHHBIJI KOMIUIEKC MOKeT BbIIIOJIHITD JIOIIO0JI-
HUTENbHbIEe QYHKIIMM Y UCITOIb30BAThCS AJISI OT-
HEBOJ TMOAIepskKM 6OeBbIX AECTBUIL, TOCTAaBKMU
MaTepuaabHbIX CPeICTB Thljad, IBaKyaluu paHe-
HBIX, CTOPO’KE€BOTO OXpaHeHUs U T. II.

Komrnekc nmeeT maccy He 60see 7 TOHH, 3arac
xoga — 400 kM, BpeMst paboThl B aBTOHOMHOM pe-
skuMe — 10 CyTOK, a JaJIbHOCTh YIIPaBAE€HUSI OTe-
paTopoM cocTasisieT 10 Km.

MHTErpupoBaHKe aImapaTypbl KPyroBOro 0630pa
B KOPITYC MaIlIMHbI (pUC. 3).

B nesom, TexHM4YeCKMit ypOBEHb Ha3€MHBIX PO-
60TOTEXHMYECKMX KOMILJIEKCOB BOEHHOTO Ha3Ha-
YeHUsI CpeJHero U TSDKEJIOro Kaacca OTeueCcTBEeH-
HOrO IPOM3BOJCTBA He YCTYIIAeT TeXHUYECKOMY
YPOBHIO aHAJIOTMYHBIX POOOTOTEXHUUECKUX KOM-
TJIEKCOB 3apyOesKHOTO ITPOM3BO/ICTBA.
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PoGoToTexHMUYeCKMii OXpaHHbII KOMILIEKC
«MDARS»:

BmecTe ¢ TeM, yUUThIBass MHOTOOOpasue 3a1ad,
pelraeMbIX TIpU 3alluTe, OXpaHe, 0OOPOHE U Mac-
KupoBKe cui u cpeacts MTO, B MyHKTaxX MOCTOSIH-
HOJi ¥ BpeMEeHHOJ NUCIOKaLUuM IeiecoobpasHo
paccMOTpeTh BOIPOCHI MCIOJIb30BaHUSI MPU MO-
CTPOEHUM UX COOCTBEHHBIX CUCTEM 3allUThI CITe-
LIMa/IbHBIX OXPaHHBIX POOOTU3MPOBAHHBIX U PO6O-
TOTEXHUYECKUX KOMIIJIEKCOB.

[Tprmepom Takoro pojaa yCTpPONCTB MOKET I10-
CTYKUTD, paspaboTtanublii B CIIIA oxpaHHBI po-
60oToTexHMUeCcKui Komruieke «MDARS» (puc. 4).

HanHblii Komiuieke «MDARS» mpenmHasHaueH
IS IATPYJAMPOBAHUS KOHTPOIUPYEMOIt TeppUTO-
puuM B aBTOMAaTU3MPOBAHHOM peXume U

Puc. 3. Pazsedvisamenvro-ydapHuili HPTK BH RCV-Light apmuu CIIIA

4,

TIpefiCTaB/IsIeT COO0Ii Teaeymnpas/seMylo 4-KoJec-
HYIO TIaThopMYy.

Ha komriekce yCTaHOB/IEHBI CUCTEMBI yIIPaB-
JIEHUS ABVDKEHUEM U HaBUTAIMU, B TOM 4uciie 00-
Hapy>keHMs ¥ 06xX0Jla MPeMnsITCTBUI IBVKEHUIO, a
TaKKe CreluaabHble CYUCTEeMBbI, II03BOJISIONIVE 06-
HApY>KUTb NPOHMKHOBEHME IOCTOPOHHUX JINL, K
00BEKTY, OCYIIECTBISITb KOHTPOJb COCTOSTHUSI
OTpaXIeHul M 3alopHBIX YCTPOWMCTB. IS ocy-
LIeCTBJIEHMS  aBTOMAaTM3MPOBAHHOIO  peXyma
YIIpaBI€HNSI KOMIIJIEKCOM WCIIO/Nb3YIOTCS BUEO0-
KaMmep, B ToM uucie VIK-kamepsl, 1 nuaap. Bpems
HeIpepbIBHOI paboThl KOMILIEKCA COCTaBisieT 12
YacoB, 110 MCTEYEHUN KOTOPOro He06XOIMMO 0CY-
L1eCTBJIATD 3alIPaBKy TOIUIVBOM.
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OxpaHHbIII POOOTOTEXHUUECKUIT KOMILJIEKC
«Tpan ITaTpynb»:

B nensix obecrieueHus: HafEXKHOI OXpaHbI Tep-
PUTOPUM, Ha KOTOPOJi pacrosararoTcs HeGobiIe
110 pasMepy OXpaHseMble 0ObEeKTbI, MOXET ObITh
OXpaHHbIN

MCIIOJIb30BaH crenuaabHbIi

Puc. 5. OpoHbuj pobom

Kommiekc umeeT BO3MOKHOCTb OCTaHAaBJIM-
BaTbh CBOE IBIIKEHME Ha 3apaHee BbIGPAaHHBIX I10-
3ULUSIX, C KOTOPhIX Haubonee 3pGheKTUBHO MPo-
BOIUTb BUIEOHAOIIOEHNE, U OCYIIECTBISITh 00-
30P OXpPaHSIEMOJ TEPPUTOPUM IIECTHIO TTAHOPAM-
HBIMM BMleOKaMepaMu B pagmyce 10 50 M ¢ 11e1bio
obHapyKeHMsI OBMKYIIUX OOBEKTOB U jiofeit. B
cTyyae MxX 0OHapYysKeHMSI CUCTeMa BiIeoHab o e-
HMSI HAaBOOUT YIIPaB/IsIeMYIO TAHOPAMHYIO KaMepy
Ha HUX U TlepeaeT MoJyuYeHHOe BUIe0oM300paske-
HJe Ha ITOCT OXPaHbI.

Cucrema ympaBjaeHUs PoOOOTOTEXHUUECKUM
KOMIIIEKCOM MMeeT BO3MOKHOCTb paboTaTh Kak B
aBTOHOMHOM, TaK U B AUCTAHLVOHHOM DeXUMe
paboThl. B aBTOHOMHOM pexkuMe paboThl cucTeMa
yIpaBjeHMs] KOMIUIEKCOM BKJIIOYAEeT B CeOsl aBe
aBTOMAaTUYECKME CUCTEMBI: YIIPaBIEHUS IBIKe-
HMEM U BUIEOHAOTIOOeHNS.

[TepBas cucTemMa OCYUIECTBIISET ITEPEMEIIEHN e
KOMILJIEKCA KPYIJIOCYTOYHO (HE3aBUCMMO OT IO-
TOIHBIX yCIOBUIT) 6e3 yuacTtus omepartopa. IIpu
IBVDKEHUM KOMIUIEKCA 0 3aJaHHOMY MapuIpyTy
cUCTeMa yIpaBjaeHus ABMKEeHMEM MMeEeT BO3MOXK-
HOCTb 00BbE3KaTh BCTPEUAKIIMEeCcs HA MYyTU IIpe-
MISITCTBYS, HE IOITyCKATh CTOJIKHOBEHMIA C YesioBe-
KOM ¥ BbIJaBaThb KOMaHIbI YIIPABJI€HNUS HA M3Me-
HeHMe MapIIpyTa JBVKEeHMS.

B OMCTAaHIMOHHOM peXume paboThl KOM-
IJIEKCa OIepaTop YIIPaB/sieT ABVDKEHMEM KOM-
TJIeKCa JUCTAHIIMOHHO C YICIIO/Ib30BAHWEM ITY/IbTa
IUCTAHIIMOHHOTO YIIpaB/ieHMs U IIaHIIeTa. Pac-
CTOSIHME, KOTOpOe IpeoaoieBaeT KOMILIEKC 6Ge3
IO 3aPSIAKA aKKyMYJISITOPHBIX GaTapeit,

omexHuueckutl komnnekc «Tpan Ilampynv»

poboToTexunueckuit komruieke «Tpan [MaTpynb»
OTeUeCTBEHHOTO MPOU3BOACTBA (puc. 5). TaHHbI
KOMIUIEKC TpeAcTaBysieT cob60ii aBTOHOMHOE KO-
JieCHOe IIacCu C 3JIeKTPONPUBOIOM, HA KOTOPOM
yCTaHOBJIEHA CHCTEeMa BUIeOHAGII0IeH s, Coep-
Kamjasi 6 Bugeokamep.

mocTuraer 25 KM, a MPOAO/DKUTENIBHOCTb aBTO-
HOMHOTO MaTPyAUPOBAHUS COCTaBisieT 12 4.

VYapasisieMble IIepeHOCHbIE OpYKeliHbIe
miaaT¢opMsI:

OmbIT COBpeMEHHbBIX BOEHHbBIX NECTBUI CBU-
IIeTeJIbCTBYET O TOM, UTO 60pbba ¢ BITJIA Bce BU-
OB He MOXeT HOCUTb OJMHOYHBIN XapakTep, TaKk
KaK He ob6ecrieunBaeT 3auTy 06beKTOB, a JOJIKHA
HOCUTb CUCTEMHBIN xapakTep. CIIocoObl OpraHu-
3auyy 60pb0ObI ¢ BITJIA HanpsIMyI0 3aBUCSIT OT Tpe-
060BaHMI, MMPEIBIBISIEMbIX K CUCTEME MPOTUBO-
neiictBus BITIA.

OCHOBHOJ MpOOGJIEeMOII MpU OpTaHU3AIUK
60pb6BI ¢ BIUIA, ¢ KOTOPOJi OYAYT CTAJIKUBATHCS
KOMaHAMphI noapasnenednit MTO ripu opraHmsa-
MY OXpaHbl ¥ OOOPOHBI, GyIeT SIBIATHCS He-
XBaTKa JIMYHOTO COCTaBa. PelieHuem 3TOW Mpo-
0/1eMbl MOXKET BK/IIOUEHME B CUCTEMY 3all[MThI IU-
CTAHLIMOHHO-YIIPaBJIIeMbIX 60€BbIX MOy, UTO
TOBBICUT BO3MOXXHOCTY 10 OTHEBOMY MTOPAXKEHMIO
BIUIA, mpu 3TOM KOJMYECTBO JIMUYHOIO COCTaBa,
TIPUBJIEKAEMOT0 K BBIMIOJIHEHUIO 3a7a4y 3alllUThl
nogpasgenenuii MTO, cHMKaeTcss MHOTOKPAaTHO.

Iyis opranmsanuy GU3MUIECKON 3alUUThI 00b-
eKTOB ThljJIa, pa3MellleHHbIX B paitoHax pacIioyio-
SKeHus nogpasaeneduii MTO 1enecoo6pasHo uc-
MOJIb30BaTh AMUCTAHIMOHHO yIpaBjseMble Tepe-
HOCHbIe OpysKeiiHble TIaTHOpMbl (pUC. 6) U Iu-
CTAaHLMOHHO YIIpaBJisieMble 60eBble MOIY/IM, KO-
TOpble Kpome 60pb6bI ¢ BITJIA MOTyT MMeTh KOM-
IJIEKCHOE VCIT0/Ib30BaHMe, TO eCTh MOTYT OBITh MC-
MOJIb30BaHbI JIJII OTPaKeHUs] HaNaJeHusI Ha3eM-
HOTO MPOTUBHMKA.
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Puc. 6. [lucmanyuoHHo ynpasnisiemble opyiceliHble niampopmol

BoeBbie Moayau M AMCTAHIMOHHO YIIpaBisie-
Mble OpysKejiHble TIaTGOPMBI MOTYT OBITH yCTa-
HoBJIeHbI Ha BBT u moaBuskHbIe IIaTOPMbI, TaK
¥ Ha HeIOABIKHBbIE IIaTGOPMBbI B YCIOBUSIX 3a-
TJIAHMPOBAHHOTO IJINTEILHOTO HAXOXKIEeHMSI TTO]I-
paszenenuit MTO B 0mHOM paiioOHe pasMeleHusl.

Ilnst opraHu3aiyuu MPOTUBOBO3AYIIHON 0060-
poHbI Toapasaenennit MTO, a uMeHHO 60PBObI €
BITIA u MBIIJIA, Han6oee 3¢bHEeKTUBHBIM OYAET

OCHOBHBIM BOOpY>XEHMEM KOMILIEKCA SIBJISI-
etcsi 30-MM [OBYCTBOJIbHBIV 3€HUTHbBI aBTOMAaT
2A38M, obecreunBalonuii MopaxkeHue IBVKY-
LIMXCS 1eel Ha BbICOTax 0 3 KM. B cocTaB KoM-
TJIeKca Takxke BXOMST 4 MyCKOBble YCTAHOBKY [IJist
paxketr 9M337 c IBeHaAaTMKaHAIbHBIM JIa3€PHBIM
0eCKOHTAaKTHBIM B3pbIBaTeJIeM, CITOCOOHBIX TTOpa-
>KaTh 1eJIM Ha JaJbHOCTH OT 1,3 1o 8 KM, JeTsinne
Ha BbICOTaX 4o 3500 m.

Takum o6pa3om, IpuMeHeHMe B CUCTEME ITIPO-
TUBOBO3JYIITHOV 060pOHBI moapasaeneHuit MTO
COBpEMEHHBIX MYyIIeYHO-PaKeTHbIX KOMIIJIEKCOB,
YCTaHOBJIEHHbIX Ha wTaTHbiX BBT moppaspene-
HUIi, BbIAEISEeMbIX OJIS BBIIIOJHEHMS 3amau 060-
POHBI, TIO3BOJIUT, B COBOKYIHOCTU C MpPUMeEHe-
HMEeM OCHOBHBIX cpencTB [IBO pemutbh 3agauvy

Puc. 7. Modyns 3IIPK

MPUMEHEHVE  3€HUTHBIX  IyIIEYHO-PAKETHBIX
KOMILJIEKCOB MaJIOro pajuyca OeiCTBUs, aHaJo-
IMYHBbIX OGYKCHPYEMOMY 3€HUTHOMY IYIIEYHO-pa-
keTHOMY Komiunekcy «CocHa-PA» (puc. 7.), KOTO-
pbie B COYETAHUU CO CPEICTBAMM PAIMOIIEKTPOH-
HOJt 60pbOBI, 06ecIieyar 3aIuTy 00bEKTOB ThLJIa U
XPaHWINII C 3aTlacaMy MaTePUaIbHbIX CPECTB OT
6eCIIOTHBIX JIETAaTEeIbHBIX allllapaToB.

!l..

«CocHa-PA»

IIPUKPBITUS paliOHa pa3MellleHus Mo pasie/leHUs
MTO oT BO3OyIIHOTO NPOTUBHUKA.

BrIBOJ: HEO6XOAVIMO OTMETUTH, UTO B HACTOSI-
uee BpeMsl B OT/IMYME OT apMMIi MHOCTPaHHBIX
rocygapcTs, B PO OTCYTCTBYIOT pa3paboTKu 00-
pasuos crenuanbHbix oxpaHHbix HPTK BH, uTo B
MepBYI0 0UYepeab CBSI3aHO C OTCYTCTBMEM BBICOKO-
aBTOMAaTU3UPOBAHHBIX aBTOTPaHCIOPTHBIX
CpencTB, KOTOPbIe MOKHO ObIJIO ObI MCIIOIb30BAaTh
B KauecTBe uX 6a30BbIX maccu. TeM He MeHee BO-
rpockl pa3paborku oxpanubix HPTK BH ocTatotces
B HACToOs11lee BpeMs BeCbMa aKTyaJlbHbIMMU.

B monrocpouHoit mepcrekTuBe B 1esix b dex-
TMBHOJ 3alMThl, OXPaHbBl ¥ OOOPOHBI CUIT U
cpencte MTO 1esecoo6pa3sHO co3maHMe U MC-
nosib3oBaHue aBToHOMHbIX HPTK BH pa3sBenbiBa-
TebHO-60eBOr0 Ha3HAUEHMS.
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Kaxk mokasaHo B psifie paboT, 3HaUMUTebHOE I10-
BbIlIeHMe 3G (PEKTUBHOCTY 3aIIUThI CUJI U CPEICTB
MTO MOXeT 6bITh JOCTUTHYTO ITPY KOMIUIEKCHOT
3aIIUTe OT OCHOBHBIX YIPO3 6€30MacHOCTY, TaKUX
Kak Qusnyeckas, SHepreTMyeckas, 3KOJIOrUYe-
CKasl " T. IL., ITyTeM pa3paboTKyM 1 BHeOPEHMUS aB-
TOMATU3UPOBAHHBIX POOOTOTEXHUYECKUX KOM-
TIJIEKCOB 6€30IacHOCTM.
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SOME PROMISING AREAS OF DEVELOPMENT FOR THE PROTECTION,
SECURITY, AND DEFENSE OF LOGISTICS UNITS USING MILITARY-GRADE
ROBOTIC SYSTEMS (INCLUDING THOSE OPERATED BY OPERATORS)

Abstract. The article reveals modern and promising directions for solving problems of protection, security, de-
fense and camouflage of material (logistical) support units of the National Guard troops and the Armed Forces of
the Russian Federation, which could be used in combat operations and the performance of service and combat tasks.

Keywords: national guard troops, protection, security, defense, camouflage, material (logistical) support units,

robotic systems.
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XO/>KAMKYVYJIMEB Pycram MaBisiBueBU4
cymaresib, BoeHHast akaieMust MaTepUaabHO-TEXHNYECKOTO 0becrieueHmst
uMeHu reuepasna apmun A. B. Xpynesa, Poccust, r. CankT-IleTepOypr

I'VCEB AHpapeii AHApeeBUY
cymaresib, BoeHHast akaieMust MaTepuaabHO-TEXHNYECKOTO 0becreueHmst
uMeHu reaepajna apmun A. B. Xpynesa, Poccust, r. CankT-IleTep6ypr

A3I0PA31H Baagumup BiaaguMuposuu
cymaresib, BoeHHast akageMust MaTepuaabHO-TEXHMYECKOTO 0becrieueHmst
uMeHu reaepasna apmun A. B. Xpynesa, Poccust, r. CankT-IleTep6ypr

HEKOTOPBIE ITEPCITEKTVBHBIE HAIIPABJIEHUS PA3BUTHVSA CUCTEMbI
3AIIITHI, OXPAHBI, OGOPOHBI ITOZIPA3EJIEHUI MATEPUAJIBHO-
TEXHWUYECKOI'O OBECIIEYEHHS ITPU UCITIO/Ib3OBAHWUN ITPOTUBHVKOM
BbICOKOTOYHBIX CPEICTB IIOPAJKEHUA

AHHOmMauus. B cmamve packpuimsl cO8peMeHHble U NepcnekmusHsle HanpasJsieHus peuleHuli npodaem no 3a-
wumal, 0Xpamsl, 060pPOHbl U MACKUPOBKU hodpasdeneHUli MamepuaibHozo (MamepuaibHo-mexHuueckozo) obec-
neueHust 80liCK HAYUOHAILHOUI 28apduu U 80opyxceHHblx cui Poccutickoii @edepayuu, Komopsle Mozau 6bl Gbimp
UCno1b308aHvl Npu 8edeHuu 6oeswix deticmauti U 8bINOJIHEHUU CTYyHeOHO-00e8bix 3adau.

Knroueenle cnosa: solicka HayuoHanwbHoll zeéapouu, 3awjumad, 0XpaHa, 060poHa, MAcKUposKd, hodpasoeneHust
MamepuansHozo (MamepudaibHo-mexHU4eckoz0) obecneyeHusl, 8bICOKOMOUHble Cpedcmed NopapceHus, 3azy0ieH-

Hble cknadsl, aHmudpoHossle ycmpoticmad.

AHaJH/IB xoma 60eBbIX AENCTBUII B COBpEMEH-
HbIX BOEHHBIX KOHQUIMKTaX MTOKa3bIBaeT POCT
BO3MOXKHOCTE} TIPOTUBHMKA 10 OGHAPYKEHUIO U
OTHEBOMY ITOPAKEHMIO MMOApasiesieHunit 1 06beK-
TOB. B 3TUX YCIOBUSIX «K/IaCCUUECKUI» TTOIXOM, K
pa3MeleHNIO IMYHOTO COCTaBa, TEXHUKY U MaTe-
pUaNIbHBIX CPEJICTB B TIOJIEBBIX JIarepsXx, MapKax u
CKIagax He OTBevaeT TPeGOBaHMUSIM BpeMEHU U
MOXXeT IMPUBECTU K HEOTTPaBIAHHBIM ITOTEPSIM.

Taxk, pasMelleHue JMYHOTO COCTaBa B IMaJiaT-
KaX, Jayke C IPOTMBOOCKOJOUYHOJ OOBaIOBKOIA, B
30HE JOCSITaeMOCTY PeaKTMBHBIX CUCTEM 3aJIlo-
Boro orus «<HIMARS», «Onbxa» ¥ aHaJIOTUYHBIX UM
T10 TaJIbHOOOHOCTM M TOUHOCTY He TOJbKO Helle-
JIecoo6pasHo, HO MPECTYITHO.

TaksKke OIBIT COBPEMEHHBIX G0EBBIX IECTBUIA
ToKa3aja BaskHOCTb pPacCpeloTOYeHUST U MacCKu-
POBKM 3aIlacOB MaTepMUalbHbIX CPEACTB, KaK OC-
HOBHBIX ()aKTOPOB UX COEpEREHNS.

PaccMOTpMM OCHOBHBIE TIPUHIIAIIBI pa3Mele-
HMSI IMYHOTO COCTaBa ¥ MaTepuaibHbIX CPEJICTB B
YCJIOBUSIX COBPEMEHHOJ BOVHBI IIPU HAIUUUU Y
MIPOTUBHMKA BBICOKOTOUHBIX ¥ TaJbHOGOITHBIX
CPe[CTB IMOPasKeHMSI:

Hu mpu Kakux YCIOBMSX HeNb3sl, OOIYCKaTb
pasmelteHye JMYHOTO COCTaBa 6aTaabOHa/POTHI B
OJTHOM 3JIaHUU (COOPYKEHUM). DTO HE TOJIBKO I0-
IapoK MPOTUBHMKY, HO U MPAKTUYECKM ITPECTYII-
Has XaJlaTHOCTb, pacCIUIauMBaTbCS 3a KOTOPYIO
MIPUAETCS HeMaIol KPOBBIO.

Henb3s momyckaTh pasMelleHue 3HAUYUTeb-
HOT'O KOJINUECTBa PeCypCcoB B OJJHOM MeCTe, YCTh
Jaxke ¥ XOpOILIO 3aMaCKMPOBAaHHOM — IIOTEPS
cHaGKeHUSI B KPUTUYECKM BaskKHbIVi MOMEHT CITO-
coOHa MPUBECTM K IIOTEpe MPEeMMYLIeCTBa Iepe
MIPOTUBHUKOM.

Ipy 3sTOM HEOO6XOAMMO COGIIOCTM GasaHC
MEXIY HeOOXOIMMOCTbIO «pa3douTb» KPYIIHbIE
CKIambl GOEIpMIIacoB, TOPHOYEro, IPOAOBOJIb-
CTBUSI ¥ OPYIUX MaTepualbHbIX CPEICTB HA MHO-
SKeCTBO CKJIaI0B MOApasaeeHuii U TPyJHOCTeN B
OopraHMsaluy JIOTUCTUKY II0 OrPOMHOI CeTu
MWHM-CKIA0B, TPU M30bITKE KOTOPBIX MOKET
HACTYIIUTh KOJUIATIC B CHAaGXeHMM BOMCK, ma U
MPOTUBHUKY TakKMM o6Gpa3oM He OymeT CO3maHO
HUKAKUX KPUTUUYECKMX TIPOOJIEM B YHUUTOKEHUN
9TUX MUHM-CKJIaIOB 10 OTAEIbHOCTH.
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To ke camoe M C pasMellleHVEM JIMYHOTO CO-
CTaBa — MOXHO ObLIO ObI pacIpemeuTb JUUHbINA
COCTaB YCJIOBHOTO 6aTajbOHA M Pa3sMeCTUTh €ro,
CKakeM, TIOB3BOAHO B pa3HbIX 3JaHUSIX, BOT
TOJIbKO HUKAKMUX KPUTUMUECKUX TTPO6JIEM C Topa-
SKEHMEeM 3TUX 3[aHUI y MMPOTUBHMKA He BO3HMK-
HET, 1a ¥ TAKOT'O KOJIMYECTBA MYCTYIOMVX 3TaHNA,
B KOTOPBIX MOKHO GBIJIO GBI pa3MeCTUThb JTUYHBIN
COCTaB C COOMIOfEHMEM MMHUMATbHBIX CaHU-
TapHO-ObITOBBIX TPeGOBaHMIA, MPU ITOM HE B
yiiep6 6e30macHOCTM BOIM3U OT JUHUM (PPOHTA
He HalTHu.

Vcnosnb30BaHMe 3ar/IyO/IEHHBIX 3alUIIEH-
HBIX CK/IAI0B:

PaccMOTpUM MOAXO[, K pasMeIleHuI0 IMYHOTO
CoCTaBa M MaTepUaIbHbIX CPEACTB B 30HE Ieii-
ctBust yonoBHoro HIMARS, ¢ ycimoBuem, uto cu-
CTEeMYy MaTepuaJbHOrO obecrieueHus BOICK He
TIPeBPATUTCS B «JIOTUCTUUECKMI KOILIMAp» 3a CUET
COXpaHeHMs 06IIero KOJMYeCcTBa CKIaA0B 1 MeCT
pasMemeHusl JIMYHOTO COCTaBa B [IOITyCTUMBIX

npenenax. IIpy 3ToM, Kak HM ITapagoKcanabHO, 60-
Jlee CJIOKHOJA IMPo6/1eMoii OyfeT pa3MeInieHne Ma-
TepUATbHBIX CPEICTB, a He JIMYHOTO cocTasa. Mc-
XOJISl U3 ITOro, CHayajga pacCMOTPUM B TI€pPBYIO
ouyepeb  paccpeloTOYEHME  MaTepuaabHbBIX
CPeJCTB, a IOTOM, UCIIOb3YS Te K€ MOAXOIbI — U
JIMYHOTO COCTABA.

Bo-nepBbIX, HEOOXOAMMO MOHMMATh, YTO BBI-
COKOTOYHOE OpY>XMe — 3TO A0poras U CA0XKHas B
npousBoacTBe cucteMa. CiiemoBaTe/bHO, IepBast
3a7aya mpy pasMellleHn MaTepUabHbIX CPEICTB
— YTOOBI MPOMAaxX MPOTUBHMKA Taske HA HECKOJIbKO
MeTpOB IIPMBOJIVII K TApaHTMPOBAaHHOMY BbIKMBA-
HUIO CKIaZa.

BTopast 3amaua — ckiaj JOJIKEH BbIAEPKUBATD
MpsIMOe MonagaHue OgHONM paKeToil 6e3 rmosyye-
HUSI KPUTUUECKOTO YPOHA.

Bo-mepBbIX — 9TO HO/DKEH OBITh IOI3EMHBbIN
06BeKT (puc. 1). 3eMJIst UMeeT BbICOKME 3aIIUTHbIE
CBOJCTBA OT ()yracHOIO ¥ OCKOJIOYHOT'O IEeCTBUS
CPe[CTB IMOPaKeHMS.

(zparumisi weders)
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Puc. 1. 3cku3 3auiuujeHHozo ckaada

He meHee, a MOkeT ObITh U 60jIee BaxkHA - 3a-
UTa 06bEKTa OT OOHAPYKEHMS.

[Ipenrionaraemasi yCTONYMBOCTD 3allUILEH-
HOTO CKJIaJa TaKoOBa, UTO Ja’ke He3HauUTeIbHbIi
MpoMax Io HeMy IIpUBeHeT K ero «BbIKMBAHUIO».
CremoBaTesIbHO, HEOOXOAMMO 3aCTaBUTh MPOTUB-
HMKa IIPOMaXHYThCS XOTS GbI Ha AECITOK METPOB.

PaccMoTpyuM, Kak MMEHHO 3TOTO MOXHO J0-
OUTBCA.

Ha mecTHOCTM, BBIOPAHHO IS pasMelleHUs
MaTepuaabHbIX CPeICTB, CO3aeTCs OOUH WIN He-
CKOJIbKO CKJ/IaJIOB.

Hap 3ammMTHOM HaCBIIbIO KaXXIOro M3 HUX
YCTAHABAMBAIOTCS yTeIlJIeHHble TMaJaTKu (Uian
IpyTVie OJHOTUITHBIE COOPYXEHMST), BHYTPU KOTO-
PBIX pacIojiaraeTcs BXOH B 00beKT. VX Ioianb

IOJKHA TIOJMHOCTBIO  3aKpbhIBaTh  3aU[UTHYIO
HACBIIb OT BHEILIHEro HaOIIooeHs.

B 3uMHee BpeMs BHYTPHU ITAJIATOK 06sI3aTETbHO
Mo Iep>KMBaeTCsl TeMIlepaTypa Bblllle OKpYKaro-
el cpefbl (IOCTAaTOYHO YCTAaHOBUTH B MajiaTKe
ra30BYIO TOPEJIKY/TeIIOBYIO MYIIKY) C 1[eJIbI0 CO-
30aHUS TEIIOBOV CUTHATYPBI.

C 1enb0 BBeAeHMSI IPOTMBHMKA B 3a0JysKe-
HME BOKPYT MCTUMHHBIX 3alIUIIEHHBIX O0OBHEKTOB
OpTaHu3yeTcsl HEeCKOJIbKO JIOKHBbIX. PaccTrosHue
Mexxay oobektamyu 20-30 merpoB. Ha Kaxkmoit
JIOKHOJ TO3UILIMM TakKe yCTaHABIMBAETCS UJIEH-
TUYHAs MajaTKa, BHyTPpU KOTOPOI TaKkKe Moaaep-
SKMBAETCS TeIyIoBasi CUTHATypa U, C TIOMOIIbI0 BCE
TOJA 3Ke CeTKM-PabuLIbl, 00eCIIeunBaeTCs UIeHTUY-
Hasl pauoI0KallMOHHAsI CUTHATYpa.
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Bce mosuumm (MCTUHHBIE U JIOKHBIE) COEIVHS -
IOTCST MEXIY CO0O0i MOA3eMHBIMM ITyTSIMM COO00-
menys. [Tog3eMHblii ITyTh COOOIIEHMS ITPeICTaB-
JiieT co6oil TpaHIIelo, MepeKkphITYI0 CBepXy Ge-
TOHHOI1 TIJIUTOM U CJIOEM IPYHTA, C OCBellleHeM U
BeHTUIsALMeEN. Tlepexonpl MeXay IMO3ULIUSIMU He

m — SOXHBIU CKAAO
=15 ] i — UCIMUHHBIL CKAAT
T
/ — M CO0DUEHUS

A7

R

R
gy -~
A/T

IIOJKHBI OBITH TIPSIMBIMU ¥ AOJDKHBI HATIOMMHATD
JIoMaHble JIMHUMU.

Peanusaiiys Bcex YIIOMSHYTBIX Mep MTO3BOIUT
CO3[aTh Ha y4yacTKe MeCTHOCTM MacCCUB B3aMMO-
CBSI3aHHBIX (MCTMHHBIX M JIOXKHBIX) OOGBEKTOB,
KasKObIN M3 KOTOPHIX OYAEeT COBEPIIEHHO HEOTIN-
YUM OT APYTUX (pUc. 2).

Puc. 2. Bapuanm munoeoti cxembl MACKUPOBKU 3aUUUIEHHO20 CKNada

brarogapsi CKpbITOI OT CTOPOHHMX IJ1a3 B3au-
MOCBSI3Y 13 JIFOO0J MaJIaTKM MOSKHO ITOITACTb B JTIO-
60Ji MCTUHHBIN CKJIaL — 3TO IO3BOJIUT JOOUTHCS
UAeanbHOM MAaCKMPOBKM MCTUHHON MNO3ULUU U
MCITOJIb30BATh JTII0OYIO JIOXKHYIO MTO3UIMIO B Kave-
CTBe BX0O/,a/BbIX0/IA.

[Tpu 3TOM B 11€/15IX MAaCKMPOBKU UCTUHHOTO Me-
CTa pasMellleHMs CKIaJa IIOrpyska/pasrpyska
KaXIbIil pa3 GyImeT MpPOU3BOIUTHCS MPU TTOMOIIN
CJIyyaifHO BbIGPAHHOl B KauecTBe BXO[a/BbIXOZa
MajaTKu.

Kondwurypaiiust JTOKHBIX ¥ MCTUHHBIX IIeJeit
1ocJie yoapoB [0 HUM MOKeT AMHAMUUECKU U3Me-
HATbCS. Tak, mocsie TopaskeHMsT JIOKHOM 1e/iv Ha
eé MmecTe 000pYAYyeTCsT UCTUHHBIN CKIal, PUKPBI-
TBI TaNaTKOM, WIN Xe BHOBb YCTaHABAMUBAETCS
MajaTKa B KauecTBe ouepeqHO JIOKHO 1en.

VKa3zaHHasl TaKTMKa TO3BOJUT OBICTPO U Jle-
IIEBO MCTOIIUTD JII060€ KOJIMYECTBO BHICOKOTOY-
HbIX paKeT U MOAXOOUT il OpraHu3aluu JIOTU-
CTUKU B YCJIOBUSIX COBPEMEHHO BOWHBI.

[Tpu 5TOM COOGCTBEHHO JIOTUCTUKA He OymeT 3a-
TpyAHEeHa — HECMOTpPSI Ha OTPOMHOE KOJIMYEeCTBO
JIOKHBIX IIeJieif, COOCTBEHHO CKIafoB OymeT co-
37JaHO He TaK YK ¥ MHOTO, a pacroJiaraTbCsi OHU
MOTYT AaXke HeJaJIeKO OT JMHUM (PpOHTa, UTO
KpaliHe HeMaJIOBa)XHO.

KoHeuHO, HEKOTOpbIE 13 HUX GYIYT MOTEPSIHBI,
HO MPOIIEHT TOTeph IPU TaKOM IMOAxome Oymer
3HAUMTE/IbHO CHVDKEH, a PacXo[ BbICOKOTOUYHOTO
OPY>KMSI TPOTMBHMKOM ITPU 9TOM IPEBBICUT yCTa-
HOBJIEHHbIE HOPMbI 6€3 HOCTVDKEHUS] HeoOXOomu-
MOTO pe3yybTara.

ToBOpSI O pPacHOOXKEHUYM JUMYHOTO COCTaBa,
0e3yCJIOBHBIM TpebGOBaHMEM CJeAyeT MPU3HATh
ero paccpegorouenye. IIpakTuka ITOKa3bIBaeT,
YTO CUTYAIlMM, B KOTOPBIX I1€/IbIi1 6aTabOH PacIio-
JlaraeTcs B OMHOM 3[JaHUM, MOTYT PUBECTH K I10-
Tepe JUMYHOrO COCTaBa YMCAEHHOCTBHIO IO POTHI B
TeueHMe HECKOJIbKUX CeKYHI,.

OuYeBUIHO, UTO 3TO COBEPIIEHHO HEIOIy-
CTUMO.

Ilesrecoobpa3HoO UCIIOMH30BATh IIOTEHIINAI ObI-
TOBBIX YHUBEPCATbHbBIX KOHTEITHEPOB JIJIT MaKCU-
MaJIbHO CKPBITHOTO U IIPY 3TOM BecbMa KOMGOPT-
HOTO pasMelleHMs JIMYHOTO COCTaBa Ha JIIOO6OM
yIaJeHuy OT JIMHUY GPOHTA.

O61IMe MPUMHIUITBI TPUMEPHO Te JKe, HO 3Ha-
YUTEIbHO MPOIIIEe:

e  TION YHMBEPCAIbHBI KOHTETHEP 060py-
IIYeTCsT KOT/IOBaH COOTBETCTBYIOIIEro pasMepa;

e  3achlllaeTcsl MecyaHasl MOAYIIKA [JIsT 3a-
IIATHI OT TOATOIIEHNS;
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e B KOTJIOBaH YyCTaHAB/IMBAETCS YHUBEP-
CaJIbHBIN OBITOBOJ KOHTEMHED;

e  MEeCTO YCTaHOBKM 3aChITIaeTCsI TPYHTOM U
MacKupyercs.

Inst emé Gojee KaueCTBEHHO!M MaCKUPOBKU
MOYXHO 060pYZOBaTh HECKOJIbKO JIOKHBIX BBIXO-
JIOB, KaK yKa3aHo Bblllle, TOTJa UCTMHHOE pacIio-
JIO)KEHMe KOHTeliHepa C JIIOAbMM IPUKPBIBAETCS
MajlaTKoi, a Ha HeOOJbIIOM  PaCCTOSTHUU

"

”

Puc. 3. 3awuweHHpili MOOYb 0151 pazmeuwjeHus JUUHO20 cocmasa Ha 3 uenogeka

[maBHBIE TpeuMMyHIeCTBA TaKUX MOIYJIEH —
JIeTKMii BeC ¥ IpOCTasl yCTAaHOBKa.

B Ky30B 0JJHOTO I'Py30BOTO aBTOMOOMJISI TTOMe-
ujaeTcs 4 Momys.

KoHcTpyKIMs TI03BOJISIET BeCTU HAOMOfeHne,
Ha Kpblllle YCTaHOBJIeHa CrelMaabHas 3aliuTHasI
CceTka OT cOpachlBaeMbIX C KOITEPOB CHapSIOB.
BHYTpM COOpY>XeHMS JIOK, KOTOPBII MOXXHO MC-
M0JIb30BaTh B KauecTBe aMbpasypsl s BeAeHUs
OTH$I MO0 Kak 3aracHoi BbIxo[l. Takke ecTb Me-
CTO AJ1S1 XpaHEHUs OPY>XMS U IMeuku. VX MO>KHO
YCTaHOBUTb Ha IIOBEPXHOCTM, TOrAA IO IEepu-
MeTpy COOpY)XeHMsl YKIa[bIBAalOTCS MeIlKH,
SIIMKM C 3eMJIe.

PaccMoTpeHHbIN BapMaHT pa3MelleHus JIU4-
HOTO COCTaBa M MaTepUaIbHBIX CPENCTB IMO3BO-
JISIET TIOBBICUTH JKMBYYECTb OOBEKTOB U CHU3BUTH
[OTepu JIMYHOTO COCTaBa M MaTepuaabHbIX
CpPencTB Kak 3a cueT (U3NMUYECKUX CBOICTB

YCTaHABAMBAETCSI HECKOIbKO JIOKHBIX ITAJIATOK C
ra3oBbIMM TOpeJIKaMy/060rpeBaTesIMy BHYTPHU.
JTO CHUXKAaeT BEPOSITHOCTb TOPaKEHUSI KOHTei-
Hepa C IMYHBIM COCTaBOM [0 TEOPETUYECKOTO MU-
HUMYMa.

Tomo6Hast MpakTHUKa BIIOJIHE peajnsyeMa — B
060poTe TPaHCIOPTHBIX KOMIIaHMIT B Poccum
HaxXOASTCS ThICSUYU YHUBEPCATIbHBIX KOHTETHEPOB

(puc. 3).

3aIIMUIIEHHbIX O0OBEKTOB, TaK M 3a CYET OPUTHU-
HAJIBHOTO MOAX0Aa K OOOpYIOBaHMIO PaliOHOB
pasmelneHus.

Hcnonb3oBaHMe aHTUAPOHOBOM CETKU:

B wryuae mpopbiBa BITJIA K 06beKkTaM ThUIa
nogapasgenenduii MTO Heo6XoOMMO IPUMEHSITh
pasauMuHble 3alUTHBIE CETKU (3KpaHbl), IMyTeM
YCTaHOBKU UX B BUJIE KYTIOJIa HaJ, 3allMIaeMbIMU
o6bekTaMy. OTHUM U3 TaKUX KOMIUIEKTOB SIBJISI-
€TCS KOMIUIEKT 3alUTHO JIETKOI aHTUIPOHOBOI
CeTKM, IIpeJHa3HaueHHOTO /i1 OTHECEHUS] TOUKU
KoHTakTa BITIA Tumna «6appaskupyroIimii 6oenpu-
rac» «Jlanuet- 1», «JlaHmer-3», «<Ky6» oT Boopyske-
HMSI, BOEHHO} U CIIeliMaJbHOI TeXHUKU, UX 3a-
IIUTe, a TaKKe IS 3aIUThl BOEHHBIX OO6BEKTOB,
CKJIa70B, 6a3 XpaHeHMsl, COOPYKeHM U 06bEeKTOB
KpUTUYECKOi MHGPacTPyKTypbl. CeTKa yIaKoBbI-
BaeTCs B MaUKy BecoM 69 Kr, yoo6Ha IJIs rmepeme-
meHus 06e3 MCIIONb30BaHMUS CIELMANbHONM TeX-
HUKHU (puUC. 4).
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Puc. 4. Ynaxkoska aHmuopoHo8oti JiezKoti cemku

JuHaMuuecKuii KapKac 3alilUTHOTO 9KpaHa
Iy pu3MUeCcKoit 3aUThl 0ObEKTOB MTOApasIe-
sneHuit MTO OT ygapHbIX JPOHOB MPOTUBHMKA, 3a-
IIVTHBI 9KpaH U3 aHTUIPOHOBOI CETKM 060pyIy-
eTcsl IIyTeM ee pacTATUMBAaHMSI Ha KapKacHOI

CTonopHbIA Naney,

Touka hUKCALMKM NanLLa

AHKEDHBIA KONBILIEBK

KOHCTPYKIINM 4 X 9 M ¢ repeMblukaMu oT 1500 MM
Ha BBICOTE He MeHee 2 M, HelOoCpeICTBEHHO Haf,
MO eISIMU BOOPY>KeHMS ¥ BOEHHO TeXHUKU (pUC.

5).

HaTtamxHoW Tpoc

AHKEpHBIA TpOC
b

OnopHaA nNATa

Puc. 5. Kapkachas duHamuueckas KOHCmpykyus 0Jis pazeepmul8aHust aHmudpoH08020 3aujumHo20 IKPaHa

3alIUTHBIN 3KpaH COCTOUT U3 BEPTUKATbHBIX
OTIOPHBIX CTOEK, M3TOTOBJIEHHBIX U3 IMIAPHUPHO
COeAVHEHHOr0 C OMNOPHBIMMU IISITKAMM PO
(3TO ObecreunMBaeT IMHAMMYECKYI0 MOOMIIb-
HOCTbH), ¥ 3aKpeIIeHHbIX MeXmy co60if ¢ momo-
IIbI0 COOTBETCTBYIONIMX CIIUTBIX M HATSIKHBIX
CTaJIbHBIX TPOCOB. HaTsKHBIE TPOCHI KpemsiTcs K
3emyie. TakoM 00pa3oM, MpUMeHEHMe TaHHOTO
9KpaHa 06eCITeunT MeXaHNYECKYIO 3aIUTY O0BEK-
TOB Thls1a OT BITJIA.

BeIBOI: TakMM 00pa3oM, MpMUMEHEHME B CU-
CTeMe 3alllUThl M MAaCKMPOBKU BBINIEYKA3aHHBIX
COBpPEMEHHBIX pellleHMi, MO3BOJUT pelInUTb 3a-
Javyy N0 COXPaHEHWUIO XU3HU JTMYHOTO COCTaBa U
COXpaHEHUIO MaTepUalbHBIX CpPeICTB B Cero-
IHSIIIHMX HEMPOCTBIX YCIOBUSAX BefeHMs] 60eBbIX
IeCTBUIA.
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SOME PROMISING DIRECTIONS FOR THE DEVELOPMENT
OF THE SYSTEM OF PROTECTION, SECURITY, DEFENSE OF LOGISTICS
UNITS WHEN THE ENEMY USES HIGH-PRECISION WEAPONS

Abstract. The article reveals modern and promising directions for solving problems of protection, security, de-
fense and camouflage of material (logistical) support units of the National Guard troops and the Armed Forces of
the Russian Federation, which could be used in combat operations and the performance of service and combat tasks.
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HEKOTOPBIE ITEPCIIEKTVBHBIE HAITPABJIEHHUSA
PA3BUTHSA CUCTEMbBI 3AIINTDBI, OXPAHBI,
OBOPOHBI IOZIPA3IEJIEHUI MATEPUAJIBHO-
TEXHUYECKOI'O OBECIIEYEHUMA
ITPUN NUCITI0JIb3OBAHMU CPEACTB MACKNPOBKU

AHHOmMauua. B cmamoe packpsimol COBPeMeEHHbLE U NePCNeKMuUsHble HanpasaeHus peuieHutl npobaem no 3a-
wumel, 0Xpamsl, 060POHbI U MACKUPOBKU hodpasdeneHuUli MamepuaibHozo0 (MamepuaibHo-mexHuueckozo) obec-
neueHusl 80LICK HAYUOHANBHOLI 28apouu U 800pyHceHHbIx cun Poccutickoli @edepayuu, komopwie mMozau 0bl Oblmb
UCNOB308aHbl NpU 8edeHuU 60e8bix delicmauti U 8bINOJIHEHUU CITyHeOHO-60e8bix 3a0au.

Knroueesle cnoea: solicka HAYUOHANbHOU 28apdul, 3aujuma, oxpamda, 060poHa, Mackuposxa, noopasodeneHus
MamepuansHozo (MamepuaibHo-mexHUuUeck020) obecneueHus, MackuposouHsle cpedcmaa, komnaekm «MKT».

TIBIT BOVH U BOMICKOBBIX YUYE€HMI ITOKA3bIBAET,
OqTo MIPOTUBOMENCTBIE pa3Beike MPOTUBHIMKA
TpebyeT TBOPUECKOTO Moaxoaa. TakTuueckast
MacCKMpPOBKa Kak BUI 60eBOro obecrieueHus, He
IOITyCKAaeT YIIPOIEHHOro IOAXoda, TeM OoJiee
YKOPEHVBIIUXCS MIOAX0A0B ¥ MIa6JI0HOB.
CHU3NUTh 3PPHEKTUBHOCTD OEeSTEIbHOCTU MPO-
TUMBHMKA I10 JOOBIBAHMIO Pa3BeIbIBATE/bHO MH-
dbopmany 0 pacmoNoKeHUM U OeSTeIbHOCTU

noapasgenenuit MTO, MO3BOMSIOT MepOIPUSITUS
TaKTUUECKOI MaCKMPOBKU, MTOCPEACTBOM KOTOPO1
MOSKHO 00€ecCIeunTh COXpaHeHMe B TaliHe 3aMbIC-
JIOB ¥ ILJIAHOB [IeVCTBUI BOWMCK, BBECTU MPOTUB-
HMKA B 3a0JykKIeHMe OTHOCUTEIbHO MCTUHHBIX
HaMepeHMiI KOMaHJOBaHUSI, TOBBICUTb >KUBY-
4eCTb BOJMCK M JOCTUUDb BHE3AITHOCTY UX JeCTBUIL

(puc. 1).
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MKT-211

Puc. 1. llmamHsle cpedcmea Mackupo8oUHbIX KOMNJIEKINO08

MackupoBouHblit koMmiiekT MKT-3J1 nmpume-
HSIeTCs1 1151 MaCKMPOBKM BOEHHOM TEXHUKU U BOVI-
CKOBBIX OOBEKTOB OT OITUYECKUX CPEICTB pas-
BEJIKM HA PacTUTEIbHBbIX (JOHAX B JIETHEE BpeMs.
MKT-C - Ha cCHe>XHBIX (OHaX.

MackupoBOUYHOE TOKPBITME KOMILJIEKTa BbI-
TIOJIHEHO U3 BIUIETEHHBIX B CETEBYI0 OCHOBY Mac-
KMPOBOYHBIX TUPJISTHA, U TIPUOIVKAETCS 10 CTPYK-
Type CBOeit MOBEPXHOCTH K eCTECTBEHHOMY (DOHY.

Kommnektbt MKT 1 MKC Bcex Tumos o6ecrie-
YMBAIOT MACKUPOBKY BOWCK ¥ OOBEKTOB OT BU3Y-
aJIbHO-OIITUYECKOTO HAOIIoNeHNsS Ha JaTbHOCTYU
ot 600 meTpoB 1 ganee. Ho oHn ManosdpeKrTrBHbI
IS MACKMPOBKY OOBEKTOB OT PaAyOIOKALVIOH-
HOI1, TEIIJIOBO, U APYTUX CPeICTB pa3BeJoK Mpo-
TUBHMUKA, ITO3TOMY 3Gb(DEKTUBHOCTD UX IIPUMEHe-
HMSI IPaKTUYECKU He3HAUUTe/IbHA.

CylecTBeHHbIM HEOCTAaTKOM BCeX TabebHbIX
MaCKMPOBOYHBIX KOMIUIEKTOB U MAacCOK SIBJSIETCS
TO, UTO MX HeJb3Sl TIPUMEHSITh OJISI MacCKUPOBKU
IBVDKYIMXCS 00beKTOB, Toraa Kak PYK u gpyroe
BTO npoTMBHMKA pacCYUTaHO Ha IOpaXkeHMe,
[JIaBHBIM 00pa30M, IBVKYIIMXCS LIeIei.

OcoO0blit MHTepeC MPeaCTaBISIOT KOMILIEKThI
MKT-4 u MKT-5. Usnenne «4» mpeacTaBisieT CO-
6011 BapuanT MKT-2 ¢ MeTa/IZIM3MPOBAHHO TOKO-
MPOBOsIIel TeHTOo#, a B MKT-5 13 Takoro ke ma-
Tepuana  COeJaHbl  TMPASHOBL. 3@  CYeT

MeTa/uIM3aluy Takue KOMIUIEKTHI 3alMUIIAIT He
TOJIbKO OT BU3YaJIbHOTO HAaOIIOIeHNsT, HO U OT pa-
IMOJIOKAIIMOHHBIX CPEACTB.

[MpenmaratoTcss HECKOABKO PaCIBETOK IJIsI UC-
M0/Ib30BaHMSI Ha pa3/IMUHbBIX JJaHAadTax.

Tax, o151 pa3BepThIBaHMS JIeTOM Ha (poHe pac-
TUTEJbHOCTY PeKOMeH0BaHbl KOMILIeKTbl MKT-
2JI, MKT-3JI u T. [. B cTenHOM MAu MyCTBIHHOM
MEeCTHOCTU NPUMEHSIIOTCSI KOMILJIEKTbI C JIUTEPOil
«[I». Ha poHe cHera TexHMKa MACKUPYETCS M3[e-
JiusiMu B BapuaHTe «C».

Ha ocHoBe musgenuit MKT dopMmupyroTcs T. H.
YHUBepca/ibHble Macku Bo3uMbie. OHU TIpeHa-
3HAYAIOTCS AJIST 3AIIUTHI KPYITHOTabapUTHBIX 00b-
€KTOB MJIM TeXHUKM, UTO CKa3bIBAeTCsS Ha UX CO-
craBe. Tak, macka YMB-1 BkiodaeT ABa KOM-
mwiekta MKT, a Takke Ha6op CTOEK, KOJIbEB, TPO-
COB M T. 1. YMB-2 mO3BOJIIET 3aKPBITh OOJIBIIYIO
IUIOLIAAb 3a CYeT MUCIoIb30BaHusa Tpex MKT.

IJ1st MaCKMPOBKY U 3aUTUThI ABVOKYIIEICS TeX-
HMKM 3a4acTyI0 UCIOAb3YIOTCS CrielMaabHble Kap-
Kachl C CETSIMM WX aXke CPeiCTBa KyCTapHOTO U3-
roToBJIeHUSI. Boslee coBepilIeHHBIM CPeICTBOM 3a-
IIUTBl OT HAOTIONEeHUs SBISETCI KOMILIEKT
«Hakmagka». ®akTuuecKu 3TO HabOp UYeXJIOB U3
CIelMaJibHOTO MHOTOCJIOHOTO Marepuasna, Bbl-
MMOJHEHHBIX 10 pasMepaM U 06BogamM 60eBoli Ma-
IIMHBI KOHKPETHOTO TUIIa (pUC. 2).
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BHeIHuit ¢j10ii, B T. 4. C JOGABIEHHBIMU 3J1e-
MEeHTaMU, 00ecleurBaeT 3alUTy OT BU3YaTbHOTO
HaOmomeHuss. BHyTpeHHMe oM MaTepuasa
MpefoTBPalIaOT BbIXOM, TEIVIOBOTO M3TyUYeHUsI, a
TaKkKe 3KPaHUPYIOT PaAMOBOJIHBI. Bce 3TO yxya-
[IaeT 3aMeTHOCTb )1 MHPPaKpaCHbIX U PaMOIO-
KaI[MOHHBIX CUCTEM — AAJIbHOCTb OOHApYKEHMS,
pacrno3HaBaHMs M BO3MOXXHOTO B3SITMSI HAa COTIPO-
BOXJI€HMSI Pe3KO0 COKpaIaeTcs.

Takum 00pa3oM, MaCKMPOBOUHbIE CpeICTBa
OCTaIOTCS BaXKHEMNIIEl COCTaB/SIONIE BCIIOMOra-
TEJIbHOTO OCHAIEeHMS JII060i1 pa3BUTOI apMuu.
Bosee Toro, mporpecc B cdepe cucreM Habsome-
HUSI ¥ OGHapyKeHMsI TTOBbIIIAeT €e 3HAUMMOCTb.
I[lpy Hanuuuu y NOPOTUBHUKA  Pa3BUTHIX

1 W
BenTunal Bl@ TPaHWen
c YnoxeHHisIMW BHY TP BETKAMH
{nankarn)

Puc. 3. Ob6opydosaHue no@

[Tpu pasmemenuu nogpasgenenuii MTO Heo6-
XOAVMO YUYUTBIBATh HE TOIbKO MPUPOSHBIE, HO U
QHTPOIIOTEHHbIE ee 37IeMeHThI.

1151 CKpBITUS CKJIa[IOB C 3allacaMy MaTepyuasib-
HBIX CPEJCTB, BbUIOXKEHHBIX Ha TPYHT, MeCTa pas-
MeIlleHusI CKJIafoB (MecTa CKJIaAMpPOBaHMS

Puc. 2. «Fupmu-taéz» Ha cemke MKT-5]1

eMHbIX 00BeKmM08 CIYHO molia

pa3BelbIBATE/IbHO-YAAPHBIX KOHTYPOB  OTCYT-
CTBME 3aLIUTHI OT OOHAPYKEHUST IPUBOIUT K J10-
TTOJTHUTEIbHBIM HEOITPaBIaHHBIM PYCKAM.

Vmuranust GopTudUKaIMOHHBIX COOPYKEHU
M 3arpakaeHuii, obecrieunBamOIMX HeNTpamm3a-
M0 JE€MACKUPYIOIINX CBOICTB TEXHUKN.

B coBpemMeHHBIX YCJIOBUSIX BeAeHUS] OOeBBIX
IeiCTBUI, O KOTOPBIX XapaKTE€PHBIM SIB/ISIETCS
3HAYUTEeIbHOEe IOBBIIIEH)Ee BO3MOXKHOCTEN Ipo-
TUBHMKA IIO pa3BefiKe U llejieyKa3aHMIo, a TaKKe
POCT [AJBHOCTM UM MOIIHOCTU CpPeJCTB OTHEBOTO
TMOpaykeHMsI, BBITIOJHEHNE MEPOIIPUSITUI TaKTH-
YeCKOii MacCKMPOBKM SIBJIIETCSI 3aJI0TOM JKUBYyYe-
CTY 06'bEKTOB ThIJIa, 000PYAYEMBIX B paiioHax pas-
MelleHus1 noapasgenenuit MTO (puc. 3).

3aI1acoB MaTepUaJIbHBIX CPENCTB) OOOPYIYIOT B
ypesax JIOIIVH U OBParoB C 06s13aTeIbHO MacKu-
POBKOI1 BCEMU UMEIOIIUMMUCS TOAPYYHBIMU CPeJ -
CTBAMM M HITaTHBIMU CpEACTBAMU MaCKMUPOBKU
(puc. 4).
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Puc. 4. Opzanusauus Mackuposku mecm ckaaduposawus 3anacos MC

OnbIT COBpEMEHHbBIX O0EBBIX AEMCTBUIA CBUIE-
TEJIbCTBYET O HEOOXOOMMOCTM MaKCUMMaJbHOTO
COKPBITUS 3aMacoB MaTepuaabHBbIX CPeNCTB B 3a-
IJTyOGJIEHHBIX COOPY)KEHMSIX, a B YCJIOBUSIX TIpUMe-
HeHMS IPOTUBHUKOM JIPOHOB, HECYIIUX CUCTEMbI
U 3JIEeMEHTbl TePMMYECKOTO OpYXus, BCe MeCTa
CKJIQAMPOBAHMUS 3aMlacOB MaTepUaabHBIX CPE/ICTB
IOJIKHBI OBITh 3aKPBITHI CJIOEM IPYHTA, 00ecreun-
BAIOIIMM 3aIIUTY ITIePeKPbITUIT XPaHUIUIIL OT BO3-
TOpaHUii.
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SOME PROMISING DIRECTIONS FOR THE DEVELOPMENT
OF THE SYSTEM OF PROTECTION, SECURITY, DEFENSE OF LOGISTICS
UNITS USING CAMOUFLAGE MEANS

Abstract. The article reveals modern and promising directions for solving problems of protection, security, de-
fense and camouflage of units of material (logistical) support of the troops of the national guard and the armed

forces of the Russian Federation, which could be used in conducting combat operations and performing service and
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DENOIC EXTENSION SEQUENCES CDMA FOR COMMUNICATION SYSTEMS

Abstract. Last decades, a Spread-spectrum communication, with its inherent interference attenuation capabil-
ity has become an increasingly popular technique for use in many different systems. This paper proposes deals with
the pseudo code used in spread spectrum communication system. The cross-correlation and auto-correlation prop-
erties for long Barker code have been analyzed. It has been seen that the length of the code, autocorrelation and
cross-correlation properties could help to determine the best suitable code for any particular communication envi-
ronment. In this paper, the code with suitable auto-correlation properties along with low cross-correlation have
been applied and the results show that the pairs with the low cross-correlation can be used in multi-user environ-
ment. In addition, CDMA (code-division multiply access (technology has been used for multiple users in order to
transmit the data simultaneously in a channel by using the same frequency.

Keywords: spread-spectrum communication, auto-correlation, cross-correlation, Barker code, CDMA.

1. Introduction

Fundamental research on wireless communica-
tions took place more than 100 years ago. Subse-
quently, the first commercial mobile system was
installed in 1960's by Bell Labs and further re-
search led to the development of analog cellular
mobile communication system in 1980's to in-
crease number of users in the system. Cellular sys-
tem enables the reuse of Spectral resources in non-
adjacent cell zones. More recently, digital cellular
systems are introduced in 1990's to transmit digi-
tal data consisting of not only voice but also data
and images at faster data rates apart from conven-
tional voice communication, a number of new ap-
plications like sensor networks, mesh networks
and others have used a variety of communication
standards for data transfer.

Code Division Multiple Access (CDMA) is a
channel access method utilized by various radio
communication technologies. It should not be
confused with the mobile phone standards called
CDMA and CDMA2000 (which are often referred to
as simply "CDMA"), that use CDMA as their under-
lying channel access methods [1]. CDMA is a non-
conventional multiple-access technique that im-
mediately found wide application in modern wire-
less systems. In CDMA, the entire bandwidth is

made available simultaneously to all signals. The-
oretically, very little dynamic coordination is re-
quired, as opposed to FDMA [Frequency division
multiple access] and TDMA [Time division multi-
ple access]in which frequency and time manage-
ment have a direct impact on their performances.
To accomplish CDMA systems, spread-spectrum
techniques are used [2].

Theoretical performance of wireless communi-
cation systems has been evaluated using computer
simulations without the need for actual prototype
development. The field of testing digital wireless
communication has been categorized into three
types: point-to point, point-to-multipoint and
multipoint-to-multipoint communication. Point-
to-point communication corresponds to infor-
mation sharing between one transmitter and one
receiver, point-to-multipoint corresponds to one
transmitter communicating with several receivers,
and multipoint-to-multipoint means several
transmitters are capable of sending information to
many receivers at any time. In this paper, the
point-to-point communication system has been
considered.

Point-to-point communication concept is
shown in figure 1. Even though, the input data
from a user is usually generated in continuous time
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domain; it is advantageous to transmit discrete in-
formation over the digital communication chan-
nel. Accordingly, the input data is first digitized
and compressed in the source encoder. In addition,
several input data bits can be combined together
and transmitted in the form of a symbol to increase
data rate. The compressed data is then fed to the

channel encoder which adds appropriate redun-
dant bits to the data that helps in the reduction of
transmission errors at the receiver. Different error
correction codes such as convolution codes, codes
or Reed-Solomon codes are widely used in practi-
cal systems.

TRANSMITTER

Channel Digital

Encoder Modulator

Input Data Source
Generator Encoder
r=== T - |

: Comparison of :

r—== __J b |
|Communication,

1BER, FER, PER 1 Channel 1
e e e e e - - - ] e e e e e - 1
Received Source Channel Digital
Data Decoder Decoder Demodulator]

RECEIVER

Fig. 1. Typical point-to-point communication system block diagram

Channel encoded data is then fed into a digital
modulator which modulates the carrier signal and
finally transmitted over the communication chan-
nel. Carrier signal can be mathematically repre-
sented as: s(t)=A(t)cos(2mfct+0(t)).

Where A (t), f ¢, 6(t) are amplitude, frequency
and phase of carrier signal respectively. Based on
the input data signal, digital modulator changes
one of these characteristics of the carrier signal to
achieve required modulation. In this paper, change
of phase characteristics of the transmitted signal,
so called phase modulation is only considered. At
the receiver, baseband signal is detected in the dig-
ital demodulator. Then, detected bits are fed into
the channel decoder, where error correction logic
is applied to recover the channel compensated
data bits. Finally, the data is fed to source decoder
in order to retrieve transmitted data bits.

Multiple access of the communication channel
for different users is accomplished by allotting dif-
ferent time slots (TDMA), different transmission
frequencies and sub channels (FDMA) or different
orthogonal spreading codes (CDMA) for modula-
tion. The Channel performance is measured in
terms of either bit error rate (BER), frame error rate
(FER) or packet error rate (PER) based on the data
structure used for the transmission. Performance
of the channel is affected by receiver noise level,
level of the received signal (in turn depends on the
transmitted signal), fading environment and level

of interference signals, including multiuser and
multipath kinds.

In this paper, CDMA multiple access system has
been studied and simulated for its BER perfor-
mance under AWG noise, Rayleigh fading channel
conditions and multiuser interference. Further-
more, simulation studies have been performed at
baseband level without RF band modulation / de-
modulation as a lot of sampling data is required to
represent signals at RF band.

In a wideband CDMA system, where the chan-
nel bandwidth (1.25 to 5 MHz) is usually much
higher than the coherence bandwidth of most ur-
ban areas (about 100 to 200 kHz), each of the re-
flected waves that have any significant energy,
with delays that are multiples of the chip periods
(that is, 0.2713 to 0.8138ms) [3, 4].

One mobile communications access scheme,
which found popularity in the 1990s, is the spread
spectrum-based CDMA technique. As mentioned
above, in CDMA, all users transmit in the same fre-
quency band and access the transmission medium
at the same time. Every user’s signal is modulated
by a unique deterministic code sequence, a dupli-
cate of which can be generated at the receiver. By
correlating the received signal with the same se-
quence, the desired signal can be demodulated.
Then, all unwanted signals will not be demodu-
lated and will remain effectively as noise [5].
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Interference Analysis and Reduction for Wireless Systems

Analysis and quantification|
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Fig. 2. Methodology of interference analysis and suppression [16]

Spread spectrum systems transmit the infor-
mation signal after spectrum spreading to a band-
width N times larger, where N is called processing
gain.

It is given by:

N=B _s/B2q.

Where B sthe bandwidth of the spread spec-
trum signal and B is the bandwidth of the original
information signal. In conjunction with CDMA,
this technique of spreading the information spec-
trum is the key to improving its detection in an in-
terference environment. It also allows narrowband
signals exhibiting a significantly higher spectral
density to share the same frequency band [6].

Basic building blocks of any MultiMate signal
processing systems are decimators and interpola-
tors and MultiMate systems result in efficient pro-
cessing of signals as sampling rates of the signals
at various internal points of the system are kept at
optimal value according to the NY [full name]
Quist theorem. MultiMate systems found applica-
tions in various fields such as communications,
speech processing and spectral analysis. Review of
MultiMate filter banks, polyphone networks and
their applications to audio signal processing are
presented in [3].

It was shown that Walsh codes have the lowest
total sum of square of cross-correlation values as
mentioned. Variants of Gold and Walsh codes that
can be used for spread spectrum applications are
generated. Similarly, references describe the
methods for increasing capacity of the system in
synchronous communication without considering
their asynchronous performance.

Go lay complementary sequences and zero cor-
relation sequences are defined in the context of
minimizing total periodic auto- and cross-correla-
tion values and peak to mean power ratios in the

case of quasi-synchronous multiuser transmis-
sion. These sets of spreading codes give good per-
formance in the quasi-synchronous zone, but the
availability of number of codes for multiuser com-
munication is limited.

This paper presents the design methodology for
generating different types of new spread spectrum
code sets that can be used in CDMA systems for
both synchronous and asynchronous communica-
tion. A few examples of such designed code sets
and performance comparisons have been made
with presently used CDMA codes under various
channel conditions.

Basic digital signal processing concepts, termi-
nologies and Multi rate signal processing tech-
niques have been introduced. Conditions required
for perfect reconstruction of the signal are dis-
cussed in the context of a two-band perfect recon-
struction quadrature mirror filter (PR-QMF) bank.
Later, PR-QMF [full name] bank concepts are ex-
tended for the design of an M-band filter bank.
Multi rate orthogonal Tran’s multiplexer architec-
ture is in turn derived from M-band orthogonal fil-
ter bank which acts as a fundamental tool to im-
plement any digital communication systems [3].

The maximum number of simultaneous users
satisfying Qu’s requirements, a typical capacity
definition in CDMA systems, should be evaluated
in both single cell and multiple cell environments,
as system capacity is a basic problem to research
resource management and CAC. In this chapter,
we tackle this issue in a CDMA system supporting
multiclass services such that a simple upper-
bounded hyper plane concept is formulated to vis-
ualize the capacity of a multimedia CDMA system.
The tradeoffs between the level of system re-
sources needed for a certain user and that needed
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for others are illustrated analytically within the
concept of resource management.

In CDMA systems, all users are equally allotted
to all available time and frequency slots, with the
aim of optimizing the overall throughput by max-
imizing the number of users in the system. In
CDMA systems, user spreading codes (filters) can-
not be unit sample functions as in TDMA or

@

AN

frequency selective as in FDMA. Instead, filters or
orthogonal spreading codes are designed such that
they are simultaneously spread in both the time
and the frequency domains with minimum inter-
and intra-code correlations.

Transform (DTFT) pair satisfying the relations

3.

20

120'@

n

Fig. 3. Time-frequency tile of a discrete-time function

2. Mathematical Model for CDMA Commu-
nications

The received signal in a synchronized Kiser
CDMA system embedded in additive white Gauss-
ian (AWGN) noise can be modeled as reciever.
Where tk are the relative time delays between dif-
ferent user codes received at the receiver.

Bit durations, associated relative delays and
cross-correlations between the two users (k, i) are
shown in Figure 4.1 for the examples of two inter-
vals i= 0 and i=1. User k is switched on after user i
with a delay of t. It might be noted that for syn-
chronous users, T, =1 2 = ...t «= 0, implying that all
code sequences start at the same instant. There-
fore, orthogonally of spreading codes redeems all

ﬁe ..
T E Em-2 £ ma

MAI. In asynchronous CDMA, two cross-correla-
tion values Pk» Pk, between a pair of.

Code sequences; depend on the timing offset
between them. If k > 1, cross correlation values are
defined as [3, 7].

2.1. M-sequences:

o M-sequence (binary maximal length
shift-register sequence).

o Generated using linear feedback
shift-register and exclusive OR-gate circuits.

o Linear generator polynomial g(x) of
degree m>0.

o Output of the shift-register circuit is

transformed to 1 if it is 0, and -1 if it is 1.

E (m-1) Y = (m-2) Slm‘.‘ R
. || i

-—
Ey
) w0
“. rmodulater
3 (0) 0=+l | o
' 1 — 1

Fig. 4. Output of the shift-register circuit

If a window of width m is slid along an m-se-
quence in S,,, each of 2™ -1 nonzero binary m-tu-
ples is seen exactly once.

- Property IV — One more 1 than 0’s.

Any m-sequence in S,, contains 2™~ 1’s and
2m=t —10s.
- Property V — The addition Property.
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The sum of two m-sequence in S,, w3w1l (mod
2, term by term) is another in S,,,.

The sum of an m-sequence and a cyclic shift of
itself (mod 2, term by term) is another m-se-
quence.

(i)

The normalized periodic autocorrelation func-
tion of an m-sequence, defined
i = 0(mod N)and -1/N fori # 0(mod N).

B

-1/

Ty

A

L] L] L]
>

T + -
3 N-:fN\

Fig. 5. The normalized periodic autocorrelation function of an m-sequence-proved easily by shift and add property

A run is string of consecutive 1’s or a string of
consecutive 0’s.

In any m-sequence, one-half of the runs have
length 1, one quarter.

Have length 2, one-eighth have length 3, and so
on. In Particular, there is one run of length m of
1’s, one run of length m-1 of 0’s.

There is exactly one m-sequence c~ in the set
Sm that satisfies (_C) = (_C) 2i.

The m-sequence (_C) is called the character-
istic m-sequence.

Or characteristic phase of the m-sequence in
Sm.

The decimation by n>0 of a m-sequence c, de-
noted as c [n], has a period equal to N/gcd (N, n), if
it is not the all-zero Sequence, its generator

H =[0], H, =
(0 0 0 0]
01 01

H, = or
0 0 1 1
01 1 0

Fig. 6

Walsh matrices of higher dimensions can also
be obtained by taking Kronecke Matrix product of
Walsh matrices with lower lengths. Walsh func-
tions thus generated have a size of N =2, where n is
of any integer.

2.3. Kasami Codes

Procedure for generating Kasami codes is simi-
lar to that of Gold code generation. Small Kasami
setof M = 2™ / 2 sequences and length N = 2™ -

polynomial g* (x) has roots that are nth powers of
the roots of.

e  Autocorrelation function for both m-se-
quences: thumb-tack shaped.

o t(m)=1+2"|(m+2)/2] =5.

e  Cross correlation function is three — val-
ued: -1, -5, or 3.

2.2. Walsh codes

Walsh codes are generated by mapping rows of
special square matrices called Hadamard matrices
[8, p. 48-54]. Walsh matrices are obtained from
Hadamard matrices with the mapping of the ele-
ments {0, 1} onto {1, -1}, respectively. These ma-
trices contain one row of all zeros and other rows
of equal number of zeros and ones. They are recur-
sively generated from using the following identi-
ties [9].

00
1
H, H
H,, = HN I_'IN
N N

1 (n is even) is obtained by decimating the first m-
sequence with to get second m-sequence and then
taking modulo-two addition of both m-sequences.
Small Kasami set have three correlation values
that match with Welch correlation bound values.

e The cross correlation function for two
Kasami sequences takes on values in the set.

e  The total number of sequences in the set is
2m/2,
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e  Consists of sequences of period 2™-1, and
contains both the Gold sequences and the small set
of Kasami sequences as subsets.

e Let m-sequences y and z formed by the
decimation of x by 2™/2 +1 an 2(™*2)/2 +1_and take
all sequences formed by adding x, y and zwith dif-
ferent shifts of y and z.

e The number of Kasami sequences
2m/2 = 4,

2.4. Barker codes

The Barker code is a sequence of n values (code-
symbols) of +1 and —1. Barker code has good auto-
correlation properties and with some pairs, the low

cross-correlation so that they can be used in multi-
user environment. The Barker code gives code with
different lengths and similar autocorrelation prop-
erties as the m-sequence.

3. Generation of the evaluation of M-se-
quence functions and automated correlation

3.1. Signal Generator code Barker

Figure 6: Block of the Barker code chart with
N=T7:

1. (Product) Multiplication of Signals.

2. (Constant) Constant.

3. (Add) Summation of signals.

4. (Scope) Oscilloscope.

Table
Barker code
Code length Barker Code
1 [-1]
2 [-11];
3 [-1-11]
4 [-1-11-1]
5 [-1-1-11-1]
7 [-1-1-111-11]
11 [(1-1-1111-111-11]
13 [[1-1-1-1-111-1-11-11-1]

3.2. Signal Barker code block without considering the amplifier N=13

1=

h
s

s o o
[

e &
T

EEEE

Fig. 8. The results of the block diagram of the Barker code of the amplifier signal at N=7
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1. The result of the simulation at the output
of the generator from the output of the amplifier
at N =7.

2. Signal generator at the input after mortise
(post-cleanser).

o
AN Z1 " z“ "

3. signal of the generator input before the
amplifier.

3.3. M-sequence signal amplifier and white
noise (AWGN)

PN Sequence
Generatort

[ L,
\_1

::nssne Comstantt :
oz

[=] [=]
\_1

[

Delay®
Products

p pma

—

Scope

Fig. 9. Block diagram of M-sequence generator with white noise amplifier AWGN) N=N=7

(Delay) Delayed signal.
(Product).

(Constant).

(Add) Summation of signals.
(Scope) Oscilloscope.

White noise (AWGN).

SNR 10.

A A S

P | | | |

Time offset. 0

Fig. 10. The results of the signal amplifier sequence and white noise (AWGN) SNR= 10, N=7

1. Signal Generator on the Signal Analyzer
Input.

2. Results modeling on the generator output
of the block diagram of the code M-sequences with
a signal amplifier on the effect of white noise = [10]
N=7.

3. The signal generator at the input in front

of the signal amplifier.

3.4. M-sequences of the signal amplifier and

white noise (AWGN) N = 31
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S~ Outt
2 > =
[ M AWGN ouz
=
= Subtract out3
AWGN Swbsystem
1 Channel

Fig. 11. Block diagram of the M-sequences of the signal amplifier and white noise (AWGN) N = 31

(Delay) Delayed signal.

(Product) Multiplication of Signals.
(Constant) constant.

(Add) smmation of signals.

(Scope) Oscilloscope.

Block of white noise (AWGN).

. (Subsystem).

Case: SNR=0.

Ntk W=

1 1 1 Il Il 1 1 1 1

Fig. 12. The results of the signal amplifier sequence and white noise (AWGN) SNR =0, N= 31

1. Results simulation of the output of the 2. The signal generator at the input after the
generator of the block diagram of the M-sequence signal amplifier.
code with the account of the signal amplifier on 3. The signal generator at the input in front
the effect of white noise = [10] N = 31. of the signal amplified.
4. Probabilities of M-sequences ... N = 31

Fig. 13. Block diagrams Probabilities of M-sequences ... N = 31

Variable name [Matched filter]:
1-  Chances of Threshold.
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2- Threshold = 20.
3- Threshold =15.
4- Threshold = 1.
Case: SNR =0.

- T T T T T T
= »T»“w 'f"r""J|lu|’nr\"1‘1\M"|-A.1Jvl.~¢d"1)~'ll'm."i‘“\rﬂmlu.Hu-rw’i‘"""\F‘Wm~\r’|¢-|w»\lrlr‘lqrﬁlh“-f-a“1{||»"\}r’lql-'lu‘Mnf\r\.-r-vu\/"h‘J"u‘“‘-\.l‘.n»ﬂ«'l“\)\ﬂl"4‘"MH\‘-I“I‘“‘H"\J\Ilﬂ"""b”’l'r’""l""h‘"nlll'ﬁj“'“f‘"‘VWW”'”"""m‘l""‘ﬂ;:
. |

| I |
]
| |

B

Fig. 14. Results after threshold SNR = 0

1. Output signal results for determining
threshold values.

2. The results of the generator for determin-
ing the threshold values of the M-sequence code
with output gain and the effect of the white noise

signal amplifier (AWGN) =0 for N =31 ... 1000 Sub-
tract.

3. Results on the output of the signal on the
Matched Filter.

4.  Signal input of the post-amplifier signal.

Case: SNR=-10.

1 1 1
500 1000 1500

e

500 1000 1500

- ]mWWWMW\WWW“W“MWWW*Mthw‘WWWWWWMM%

2000 2500 3000

1500

1. Output signal results for determining
threshold values.

2. The results of the generator for determin-
ing the threshold values of the M-sequence code
with gain at the output and the effect of the white
noise-signal amplifier (AWGN) = -10 for N = 31 ...
1000 Subtract.

3. Results on the output of the signal on the
Matched Filter.

4. Signal input of the post-amplifier signal.

5. Conclusions

Third generation mobile systems, already being
developed within the framework of international
European programs, will use broadband signals
formed by pseudo-random sequences. In particu-
lar, the basic standard for UMTS (Universal Mobile
Telecommunications System) was WCDMA or
broadband CDMA, developed by Ericsson. There
are more than twenty projects known to unite to
some extent all the developed telecommunication
firms and leading universities of the world, which
from different sides are trying to approach the

Fig. 15. Results after threshold SNR = -10

solution of the problem of global communications
of the future.

A mathematical model is developed in the Mat
lab environment, which allows receiving the re-
sponses of the matched FSB filters with bases from
7 to 31. The developed models allow estimating
waveforms of signals. For different degrees of
code, as well as the probability of false alarms and
correct detection and estimate the threshold level
for different code detection models.

At a threshold of 10 and a signal-to-noise ratio
of -10 dB, the probability of erroneous detection of
a wideband signal with base 31 was 0.1160, with an
increase in the signal-to-noise ratio to -5 dB; the
probability of erroneous detection was 0.0180.

At a threshold of 15 and a signal-to-noise ratio
of -10 dB, the probability of erroneous detection of
a broadband signal with base 31 was 0.1890, with
an increase in the signal-to-noise ratio to -5 dB,
the probability of erroneous detection was 0.0610.

With a threshold of 20 and a signal-to-noise ra-
tio of -10 dB, the probability of erroneous
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detection of a broadband signal with base 31 was
0.2670, with an increase in the signal-to-noise ra-
tio to -5 dB, the probability of erroneous detection
was 0.1290.

The number of false emissions with a signal-to-
noise ratio of -10 dB was 7946 for the threshold of
10, 5381 for the threshold of 15, 3445 for the
threshold of 20. Thus, the choice of the detection
threshold of wideband signals with base 31 is jus-
tified. It should be chosen equal to 20.
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ABJIVJIITAEBA Acue
IT nmpomxkekT-MeHemskep, South Dakota Mines, CIIIA, r. CakpaMeHTO

TEMMU®UKAILINS B YIIPABJIEHUU IT-IIPOEKTAMMU:
ITOBBIITAEM ITPOAYKTUBHOCTD YEPE3 UTPOBBIE MEXAHVKU

AnHomauus. Telimuguxkayus cmaHosumcs 6ce 0onee NONYJISAPHbIM peuwleHuem 0as ynpaeienus IT-
npoexmamu, NOCKOJIbKY Cnoco6Ccmayem yeeauueHuio Momusayuu KomMaHo u s¢gpexmusHocms pabomel. B danHoli
cmamee paccmampueaemcs 6JUsHUE Uzposslx MeXaHuK HA pe3ybmamueHoCms COMpYOHUK08, NpU8odsamca pe-
anbHble NPUMepPbl KOMNAHULL, YCNEeWHO UCNONb3YIOWUX 2eliMUpuKayuio 8 ynpasieHuu npoekmamu, d maxxce npeo-
Jlazaemcs pyKogoocmao no uHmezpayuul uzpossix Memodos 8 npoyecc ynpasierus IT-npoekmamu.

Kniouessle cnosa: zetimuguxayus, ynpasieHue npoekmamu, IT-npoekmst, MOMUBAYUS, U2p08ble MEXAHUKU,
NPOOYKMUBHOCMb, AUUBKU, YPOBHU, OAJLNIbL, 8087I€UEHHOCHb, KOHKYPEHUUS, YNpasieHUe PUCKamu, HeonpeodeeH-

HOCme.

BBepenue

B coBpemenHbix IT-kommaHusgx 3dderTus-
HOCTb KOMAaHIHONM paboThl CUMTAETCS BayKHEV-
IIMM YCJIOBMEM YCIEeNTHOTO BBITIOJIHEHUST TTPOeK-
TOoB. OJIHAKO [IJI TOTO, YTOOBI ITOAAEPKUBATD MO-
TUBALMIO COTPYOHUKOB Ha BLICOKOM YpOBHE, Tpe-
6yeTcst MHOXKEeCTBO yeuinit. OMHUM U3 CAMbIX MH-
HOBAalIMOHHBIX CITOCOOOB ITOBBINIEHNMS BK/IIOUEH-
HOCTU U TIPOU3BOJUTEIbHOCTU SIBJISIETCS TeiiMu-
dukaiust — MCIoab30BaHMe UTPOBBIX MeXaHMK B
HEUTPOBBIX ITPOIIeCccax.

B reiiMmu¢puKanmio MOKHO BKIIOUMTb TaKue
3JIeMEeHTHI, KaK auMBKM, pa3HOOOpa3HbIe YPOBHY,
PEeTUHTU, CUCTEMbBI OaJIJIOB U ITOOIIPEHUI, CTU-
MYJIUPYIOLINE COTPYAHUKOB peaau30BbIBATh IO-
CTaB/eHHbIe 3a/1aul, YJIy4llaTh MPOU3BOIUTEb-
HOCTb M JOCTUTaTh lieyieit KommnaHun. leiimudu-
KalMsl He TOJIbKO MOBbIIIAeT MPOLYKTUBHOCTb, HO
" CITOCOGCTBYET CO3IaHMI0 6IaronmpusiTHON pabo-
yeit aTMocdepsl, CHUKEHMIO CTpecca U yKperie-
HMI0O KOMaHJIHOTO Ayxa. B maHHOIi cTaTbe aHa/IN-
3upyeTcsl BAusIHMe relimuburkamuu  Ha IT-
MPOEeKThbI, IPUBOISTCS MPUMEPHI €e YCIEIHOTO
MIpUMeHeHUs U MpeaiaraloTcsi peKoMeHAAl U 10
BHEIPEHUI0O WTPOBBIX MEXaHUK B YIIpaBJeHUE
MIPOEeKTaMN.

JInTepaTypHbIit 0630

TeriMuduKays MMUPOKO IPUMEHSIETCS B Map-
KeTuHTe, 00yUeHUM U KOPIIOPATUBHOM KYJIbTYpE,
OJTHAKO ee poJib B yIIpaB/ieHN! TTPOEKTaMy MeHee
usyuyeHa. CoriiacHO MCCaeJOBaHUSIM, UCTI0JIb30Ba-
HMe UTPOBbIX MeXaHMK B paboumux mpolieccax Io-
BBIIIAET MOTMBAILMIO COTPYIHMKOB Ha 30-50%.
Taxue ycrenrHble KOMIanuu, Kak Microsoft u SAP,
YCIEIIHO BHEIPSIOT 3JIEMEHTHI TeiiMuduraimm B

CBOM BHYTPEHHMEe paboume IMpoIeCChl, YTO MPUBO-
IUT K yBeJIMUEHUIO TPOIYKTUBHOCTY U CHUKEHUIO
TeKy4eCTU KaJpoB.

NHTepecHO, UTO Ba)KHOJ TeOpeTUUeCKOl OCHO-
BOJ reiiMu@uKaIMM CUMTAETCS MOMAETh CaMofe-
tepmyuHanyuu (Self-Determination Theory), co-
[JIACHO KOTOPOJ BHYTPEHHSISI MOTUBALUS YCUJIN-
BaeTCs IPY yIOBAETBOPEHMUM Tpex 6a30BBIX IO-
Tpe6GHOCTe: aBTOHOMMM, KOMIIETEHTHOCTU U 00-
IIECTBEHHOrO I0JI0OKeHus. eiiMudukanus ymo-
BJIETBOPSIET 3TU MOTPEGHOCTH, CIIOCOOOM Ipemo-
CTaBJIEHMS] COTPYIHMKAM YEeTKMX Ilejieit, obpar-
HOI1 CBSI3M ¥ BO3MOXXHOCTY KOHKYPUPOBATh U B3a-
UMOJ,ECTBOBATD C KOJUIETaMU.

lFeiimudukanus M ympasjieHUe PUCKAMM:
MOJXO0/, U3 KHUTHU «Basbcupysi ¢ MeaBeasiMu»

OfHMM U3 K/IOUEBBbIX BHI30BOB B yIIpaB/IeHUM
IT-nipoekTaMu SIBSIETCS HEONPeAe/eHHOCTh, CBSI-
3aHHas C M3MeHeHueM TpeboBaHMii, CPOKOB U I0-
CTYITHBIX pecypcoB. B kHure «Banbcupys ¢ MeBe-
nsasvu» Tom deMapko n Tumotu Jiuctep noguep-
KMBAIOT, 4YTO YyIpaB/ieHMe I[pPOeKTaMu — 3TO
yIIpaBjieHKe pUCKaMU, a He MPOCTO UCIIOJTHEHNe
maaHa. B 9Toit cBsI3U reiiMubukanmus MoOXeT UT-
paTh B&KHYIO POJib B CHVDKEHMM HEOIpeaeleHHO-
CTU Y TIOBBILIEHUY aJalTUBHOCTY KOMaH/I.

OcHoBHble wuaen «Bambcupysas c¢ mexnse-
ISIMMU», IPUMEHMUMBbIE K TeiiMUOUKALAN:

e BosHarpaxaeHue 3a IIPOTHO3MPOBA-
HME PUCKOB: BBeJeHMe UTPOBBIX MeXaHUK [JIs
CTUMYJAMUPOBAHMUSI KOMaH/[, K BBISIBJIEHUIO TOTEH-
IMATbHBIX ITPO6IeM HA PAHHMX JTalax.

o CueHapHOe MOAEIMPOBAHUE: WCIOJIb-
30BaHMe CUMYJSLUIA U UTPOBBIX ClieHapUeB IJIsi
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MOATOTOBKY KOMaHAbI K BO3MOXXHBIM HEOXWUAAH-
HOCTSIM.

e T'mOGKOCTBH cMCTEeMBbI Harpaz: IMHaMuJe-
CKOe M3MeHeHMe reiiMuGUKAIVOHHBIX CTUMY/IOB
B 3aBUCMMOCTY OT M3MEHSIIOUMUXCST YCJIOBUI ITPO-
eKTa.

e MwuHMMM3auusA cTpaxa nepej Heyja-
yeii: co3maHue 6e30IacHO cpenbl, TOoe OMMUOKMU
paccMaTpMBAIOTCSI KaK 4acTh OOYYalOIIero IMpo-
Lecca.

[TpuMeHeHMeE STUX MPUHLIUIIOB TO3BOJISIET I10-
BBICUTD YCTOMUMBOCTb KOMaH[I, MMHUMMU3UPOBATD
COTIPOTHUBJIEHME TIepeMeHaM ¥ CO3[aTh KyJIbTypy
TTOCTOSTHHOTO OOYYeHUs 1 afaTTallyn.

Marepuajbl U METOIbI

Hccnegyemsbie KOMIIaHUU

Iyis a”Hanm3a 3G PEeKTUBHOCTY reiiMubuKanun
OBV PACCMOTPEHBI KeJIChI KOMITAHUIA, UCITO/Ib3Y-
IOIIMX UTPOBbIe MeXaHMKM B YIIpaBJIeHUM TTPOEK-
TaMM:

e  Microsoft: BHempuaa BHYTPEHHIOW CU-
CTeMy Harpaf, Ijs pa3paboTuMKOB, YTO ITOBLICUIIO
CKOPOCTD MCITpaBjieHus: 6aros Ha 15%.

e  SAP: ucrionb3yeT reiiMmmuduKanyio B 00y-
YeHUM COTPYAHUKOB, UYTO YBEJIMUYMIO CKOPOCTH
OCBOEHMST HOBBIX TEXHOJIOTMI Ha 25%.

e IBM: cosmanma reiiMupuUUIMPOBAHHYIO
aTdopMy AJIs YIIpaBaeHMs IPOEKTaMM, TAe CO-
TPYOHUKM TTOJNyYaloT Ga/UIbl 32 BBITTOJIHEHME 3a-
Jad.

e Google: BHempwia cuctemy OOHYCOB U
PENTUHTOB i1 Pa3pabOTUMKOB, UTO ITO3BOJIMIIO
COKpaTUTb CPOKM BbITTOJHEHMS 3a4au Ha 20%.

e Atlassian: ucnonb3yer reiiMmuduKkanuio B
Jira miis MoBbINIEHMS] BOBJI€UYEHHOCTU COTPYIHM-
KOB B ITPOIIECChI pa3pabOTKN.

e  (Cisco: npuMeHsieT reiiMmupuKanmio B 06y-
YEeHNUY COTPYIHMKOB MO KMOGep6e30macHOCTH, 1o
Morasi CHU3UTh YPOBEHb YyTPO3 3a cUeT Gosiee IITy-
OGOKOro IMOHMMAaHMS aTaK U CII0CO60B 3alTUTHI.

e Deloitte: unTerpupoBsasa MUrpoByl0 CHU-
CTeMy B IpOIecC HaCTaBHMYECTBA U OLIEHKU CO-
TPYAHMUKOB, UTO MMO3BOJIUJIO MTOBBICUTH BOBJI€YEH-
HOCTb HOBBIX COTPYAHMKOB M YCKOPUTbH ajarmTa-
111710

MeTozapbl MccieJOBaHUA

BbUM 1CT10/1Ib30BaHbl KAUeCTBEHHbBIE U KOJI4e-
CTBEHHbIE METObI aHaIM3a:

e Omnpocel coTpygHukoB IT-komMmanuii o
BJIMSIHUY TeiiMu@uKauyumM Ha MOTUBALIMIO U TIPO-
IYKTUBHOCTbD.

e  AHaIM3 CTAaTUCTUYECKUX HAHHBIX 06 U3-
meHeHuu KPI 1o u rocie BHeAPEHUS UTPOBBIX Me-
XaHUK.

e UnTepBblO ¢ pykoBogmuremsvMu  IT-
MIPOEKTOB, IIPUMEHSIIONIMMY reifiMubuUKaIuio.

e  DKCHepuMMeHTalIbHOE McCaedoBaHue 3¢-
(beKRTMBHOCTY UTPOBBIX MeXaHUK B IT-koMaHIax.

o  KeliCcOBbIi1 aHA/MN3 YCIEIIHbIX U Heyhau-
HbIX IPUMeHEeHU I UTPOBbIX MeXaHUK.

PesynbraTsl

AHanu3 mokasaj, 4To NMpUMeHeHUe UTPOBBIX
MeXaHMK B yrpaBieHuu IT-mipoekTamu Crocob6-
CTBYeT:

o  [loBbIlIEHMIO BOBJIEUEHHOCTU COTPYAHMU-
KOB Ha 40%.

e  YMeHbIIIEHUIO CPOKOB BbIMIOJIHEHUS 3a0a4
B cpenHeM Ha 20%.

e  Viy4llleHUIO0 KaueCTBa BbITTOJHEHHBIX 3a-
ad 3a CYeT YCUIEeHHO KOHKYpeHLUU U BOBJIe-
YEeHHOCTH.

e  CHMXEHUIO YPOBHS CTPeCca U BbITOPAHUS
6;arogaps 6osee O3UTUBHOI paboueit cpere.

e  ViydlleHMI0 KOMaHAHOTO B3auUMOJeN-
CTBUS yepe3 COBMeECTHbIe UTPOBbIe 3JI€eMEHTbI U
KoollepaTUBHbIE 3aJauN.

e [loBbimeHNI0 6€30MACHOCTM JAHHBIX 3a
CYeT UTPOBbIX TPEHUHIOB ¥ CUMYJISILIVIA 110 Kube-
pyrposam.

3axkiaoueHue

leiimudukanus B yrpasinenuu IT-mpoekraMu
SIBJISIETCSI TIepCIIeKTUBHBIM HallpaBjieHueM, CII0-
COGHBIM 3HAUMUTEIbHO ITOBBICUTD TPOAYKTUBHOCTh
M MOTMBAILIMIO COTPYAHMUKOB. YCIelIHble KeliChl
MOKa3bIBalOT, UTO UTrPOBbIE MEXaHUKU MOTYT UH-
TerpUpOBaThCS B pas3juyHble acleKTbl yIpasie-
HMSI, BKIIOUass obyueHye, BBITTOJIHEHME 3amad U
o1leHKy 3dderkTuBHOCTU. OIHAKO I ITOCTIKe-
HUSI MaKCUMaJIbHOM 3(PGheKTUBHOCTM BaXKHO Tpa-
MOTHO TOAOUPATh UTPOBbIE 3JIEMEHTHI U afarTH-
pOBaTh MX MO, crielMGUKy KOMaHIbl. BrirroueHne
WUTPOBBIX CTpaTeruit JJisl yIpaBjieHUs PUCKaAMMU,
BIOXHOBJIEHHBIX IIOIAXO0M U3 “Bajbcupys ¢ Mef-
BeIsIMU ”, TIO3BOJISIET TMTOBBICUTh YCTOMUNBOCTD KO-
MaH[, K HeoIlpeme/NeHHOCTM M co3maTh Oollee
aJanTUBHYIO pabouylo cpeny.
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GAMIFICATION IN IT PROJECT MANAGEMENT:
WE INCREASE PRODUCTIVITY THROUGH GAME MECHANICS

Abstract. Gamification is becoming an increasingly popular solution for managing IT projects, as it helps to
increase team motivation and work efficiency. This article examines the impact of game mechanics on employee
performance, provides real-world examples of companies that successfully use gamification in project management,
and provides guidance on integrating game methods into the IT project management process.

Keywords: gamification, project management, IT projects, motivation, game mechanics, productivity, achieve-
ments, levels, points, engagement, competition, risk management, uncertainty.
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ITPOEKTUPOBAHUME 1 OIITUMUBALIVA IT-UHOPACTPYKTVYPbI

AHHOmMauus. B cmamvee paccmampueaiomcsi coepemeHHbie N00Xo0sl K NPOEKMUPOBAHUID U ONMUMU3AYUU
KophopamueHsix IT-uHppacmpykmyp, HanpasieHHbsle Ha obechneueHle O0mKa3oycmotiuueocmu, 6e30nacHocmu u
Mmacuwmaobupyemocmu. Ocoboe 8HUMAaHUe YOeNeHO apXUumeKmypHbsiM peuleHUsIM, KOmopble no380as0m docmu-
2amb 8bICOKOU CmeneHu 0MKA30yCmoliuusocmu 8 KOpnopamueHsix cemsix, a Mmaxxice poau 061auHsIX MeXHON02UTi
8 Macumaduposanuu uHppacmpykmypsl. Bcmamee aHanuzupyomcs Memoosl MOHUMOPUH2d, UCNOJIb3YeMble ONst
ynpaeieHus cucmemamul, d maxkxce cnocoosl MUHUMU3AYUU PUCKO8 Kubepamakx npu npoekmuposanuu IT-cemeti.
PaccmompeHsl mexHOM02UU U UHCMPYMEHMbL, KOMOopble 00ecneuuséarom onmumMaibHolii 0anauc mexcdy npouseo-
dumesibHOCMbI0 U 6€30nacHOCMbi0 KopnopamueHoix IT-cucmem.

Knioueesie cnoea: IT-uHppacmpykmypa, omkasoycmouiuueocms, 6e30nacHoCms, Maclumadupyemocms, 00-
JIauHble MeXHON02UU, MOHUMOPUH2, Kubepamaku, npouzeodumepHocms, npoekmuposatue IT-cucmem, Kopho-

pamuseHsle cemu, supmyaiusauus.

AKTYyaJIbHOCTD UCC/I€OBAHUSA

B ywIOBMSIX CTpeMUTENbHO pPa3BUBAIOIIErOCs
umdpoBoro Mupa 3GeKTUBHOE ITPOEKTUPOBaHKE
" ONTUMM3aALMS KOpPHOpaTUBHOM IT-
MHGPACTPYKTYPbI CTAHOBSTCS KPUTUYECKU BaK-
HBIMM 711 ob6ecrieyeHust CTabUIbHOCTY M KOHKY-
PEHTOCIOCOOHOCTY opraHusaiuii. CoBpeMeHHbIe
MIPeOIIPUSITUS CTATIKMBAIOTCS C BO3PACTAONIMMMU
TpebOBaHMUSIMM K OTKA30yCTOMUMBOCTH, Ge3omac-
HOCTM ¥ MaciTabupyemoctu cBoux IT-cucrem,
0COGEHHO B CBeTe I1006aJbHBIX M3MEHEHUI, BbI-
3BAaHHBIX Pa3BUTHMEM OOJAUHBIX TEXHOJIOTHIA, PO-
cTa 06beMOB JJaHHBIX U YCJIOKHEHMS YIPO3 Kubep-
6e3ormacHocTy. Hapsimy ¢ aTum, 6bICTpOTa M3MeHe-
Huit B IT-cpeme TpebyeT OT opraHusaluii rmoKo-
CTU ¥ CHOCOGHOCTM OTEepPaTMBHO aJamnTUPOBAaTh
CBOI0 MHQPACTPYKTYPY IOJ, HOBbIE YCIOBUS, UTO
CTaBUT TMPOEKTUpOBaHMe U ontumusanuw IT-
MHGPACTPYKTYPhI B IEHTP CTPATETMUECKOTO TIIa-
HUPOBaHMSI.

IIpu 3TOM HemoCTaTOK 3G PEKTUBHBIX METOAVK
MIPOEKTUPOBaHMS, HECaHKIIMOHUPOBAaHHbIE
YTEUKM JAHHBIX, KUOEpaTaKu U CUCTEMHbIE cOOU
MOTYT IIPUBECTM K SKOHOMMYECKVM ITOTEPSIM, pa3-
PYIIEHUIO PeITyTauy KOMIaHUY U Taske K yTpaTe
KOHKYPEHTHBIX INPEeUMYIIeCTB. B CBA3U C 3TUM
BO3HMKAeT HeOOXOOMMOCTb B MCC/IEJOBAHUU U
pa3paboTKe ONMTUMAIbHBIX PELIeHU AJIS MTPOeK-
TUPOBAHMS KOpIOpaTuBHbIX IT-cucTem, KOTOpbIe
MoryT 3¢ ¢deKTUBHO (PYHKIMOHMUPOBATb B YCJIO-
BMSIX BBICOKMX Harpy3oK U yIpo3 6e30MMacHOCTH!.

Lenp ncciaeqoBanmus

Llenpo JaHHOTO MCC/IeLOBAaHUS SIBJISIETCS Pas-
paboTka MoAX0I0B K TPOEKTUPOBAHUIO Y OTITUMMU-
3aiumu  KopriopaTuBHoi IT-uHGPaACTPYyKTyphl C
YUETOM COBpPEMEHHBIX TpeboBaHMii 6e30ImacHo-
CTH, OTKa30yCTOMYMBOCTYU ¥ MaCIITaGMPYEeMOCTH!.

MaTepuasbl M MEeTOIBI VICC/IeJOBAaHUS

[y TpoBeleHMS] MCCAeLOBaHUS MCIIOAb30-
BaHbI JaHHbIe U3 HAYYHOIi JTUTEPATYPBHI, Clelua-
JIM3VPOBAHHBIX KYPHAJIOB, a TaKKe UCCAeJ0BaHUS
Bemymux IT-KomMIaHuit B 06J1aCTV ITPOEKTUPOBA-
HUSI M OITMMM3ALUM KoOpriopatuBHbIX IT-
MHPPACTPYKTYP.

MeTozmosorust UcCaeq0BaHMS BKIIOUAeT B Ceds
TeopeTUeCKuii aHaau3 CYIIeCTBYIOIINX apXUTeK-
TYPHBIX pellleHUI M TEeXHOJIOTUI, a TaKKe CMHTE3
pekoMeHJaluii 1o X IpMMeHeHII0 Ha IPaKTHUKe.

Pe3ynbTaThl UCCI€I0BaHUA

[TpoekTupoBaHMe ¥ ONTUMMU3ALUST KOpropa-
TUBHOI IT-MHPACTPYKTYPBI IpeaCTABIISIET COO0I
KOMIUIEKCHYIO 3a/iady, BKIIIOYAIOIIYIO B cebs co-
3[IaHMe OTKa30YyCTONUMBBIX, O€30MACHBIX M Mac-
MmTabupyemMbIx pemeHnii  mias  3GPeKTUBHOTO
dbyHKIMOHMpPOBaHUS opranusanmii. C pasBuUTHEM
TEeXHOJIOTUII U yBeIndeHeM o6bemMa JaHHbBIX pac-
TeT HeoOXOAMMOCTb B CO3TaHUM TMOKOI MHGpa-
CTPYKTYPBbI, CIOCOOHOIT 6BICTPO aJarTMpPOBaThLCS K
M3MeHEeHNSIM U 06ecIieunBaTh BbICOKUIT YPOBEHb
6e30MacHOCTY MPU MUHUMU3AIUU PUCKOB [3, C.
366].

OfHMUM U3 KTH0UYEeBbIX aCleKTOB ITPOEKTUPOBa-
Hus IT-uHGPACTPYKTYphI ABISETCS obecrieueHue
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€e OTKa30yCTONYMBOCTH. [IJIs1 3TOr0 aKTUBHO IPU-
MEHSTIOTCS CJIeTYIONIMEe apXUTEKTYPHbIE PEIIeHMS:

1. Pe3sepBupoBaHMe Ha YPOBHE aNNapaTHOTO
obecrieueHNsT ¥ CeTeBOi MHQPPACTPYKTYpPhL. IIpu-
MeHeHMe U3OBITOYHBIX CEPBEPOB, CETEBBIX
YCTPOJACTB M CUCTEM XPaHEHMS JAHHBIX ITO3BOJISIET
CHU3UTD PUCKYU TIOTEPY JAHHBIX ¥ OCTAHOBKM OM3-
HeC-TIPOIIeCCOB B C/TyYae BbIXO/A U3 CTPOSI OTE/b-
HbIX KOMIIOHEHTOB. BaXKHBIM 3JIEMEHTOM SIBJISI-
€TCS MCIOJIb30BaHME TEXHOJOTUI, TaKMUX Kak
RAID (Redundant Array of Independent Disks) mist
XpaHeHUsI JAHHBIX C U30BITOYHOCTHIO U CO3IaHMe
BUPTYa/IbHBIX YacTHBIX ceTeii (VPN), obecrieunBa-
I0IIMX CTAOWIBHYIO paboTy MpU OTKa3ax B Gpu3u-
YecKOll CeTH.

2. Wcrnonb3oBaHMe KaacTepa C aBTOMaTuUye-
CKUM TepeKTioueHneM. [ MOBbIIeHNST 0TKa30-
YCTOMYMBOCTM CEPBEPHBIX CUCTEM YaCTO IpUMe-
HSIIOTCSI KJIACTePHbIE TEXHOJIOTUY, TaKMe KaK Kia-
cTepusalius cepBepos. [Ipy oTKkaze ogHOTO U3 cep-
BEPOB JIPyroil aBTOMaTuuecku GepeT Ha ce6s ero
HarpysKy, MUHUMM3UPYS IIPOCTOM.

3. Teorpadwuueckasi U36bLITOYHOCTh. Pasme-
MeHVe KPUTUYECKM BaXKHBIX KOMITOHEHTOB CHU-
CTeMbI (HarpuMep, 6a3 TaHHBIX U CEPBEPOB MPU-
JIOKeHUIT) B pasInMyHbIX Teorpaduuecku ymaneH-
HBIX IIEHTpax 00pabOTKY JaHHBIX MMO3BOJISIET 3a-
MUTUTh KOPIIOPATUBHYI0 WMHGPACTPYKTYPY OT
PUCKOB, CBSI3aHHBIX C PETMOHAIbHBIMM OTKIIIOUE-
HUSIMU SHEPTUM WIM TIPUPOIHBIMU KaATACTPO-

damn.
O6s1auHble TEXHOJIOTUY UTPAIOT BAKHYIO POJIb B
MMOBBIIIEHUU MacIITabupyeMOCTH IT-

MHGPACTPYKTYphl. [IprMeHeHMEe 0O6JIaYHBIX Cep-
BMCOB II03BOJISIET TPENNPUSITUSIM TUHAMUYHO
YBeJIMUMBATh BbIUMCIUTEIbHbIE PECYPChI B 3aBU-
CUMOCTYM OT HArpy3Ky, 4TO OCOOEHHO BAKHO ISt
opraHmsanuii ¢ IIepeMEeHHOJ MHTEHCUBHOCTBHIO
MUCIOIb30BaHUs pecypcos [1, c. 6].
MHbpacTpyKTypa Kak ycayra U ratgopma Kak
yC/Iyra Mo3BOJISIIOT MaclITabupoBaTh Pecypchl 6e3
HEO6XOAMMOCTHM 3aKyMaTh Gpu3nUeckoe 060pymo-
BaHME, YTO CYIIECTBEHHO CHIMKAET KalUTaIbHbIE
pacxopsl. BaskHO Takke MCIIO/b30BaHME aBTOMa-
THMYECKOI0 MAacIITabMpOBaHMsI OOJIAUHBIX CepPBU-
COB, KOTOpOE IT03BOJIIET OIEPATUBHO YBEJIUUMU-
BaTh WIM YMEHBIIATb KOJIMYECTBO BUPTYaTbHbIX
MAIllMH WIY KOHTETHEPOB B OTBET Ha M3MEHEHMe
Harpysku. IIpMMeHeHNe 06/JaUHbIX PeIIeHUIA OISt
XpaHeHMs] JaHHBIX, TaKMX Kak Amazon S3 man
Microsoft Azure Blob Storage, Takke obecrneun-
BaeT yoo6CTBO MacCIITaGMPOBAHMUS XPaHMWIMILL U
MT03BOJISIET TAPAHTMUPOBATh BBICOKYIO JOCTYITHOCTh
IIaHHBIX U pe3epBHOe KonuposaHue [2, c. 80].

MeTonbpl MOHMTOPMHrAa UIPAIOT KIOYEBYIO
poiib B yOpaBiieHMM KopropaTuBHbIMM IT-
cucremamiu. CoBpeMeHHbIe MHCTPYMEHTbI MOHU-
TopuHra, Takue Kak Nagios, Zabbix wau
Prometheus, ob6ecrieunBalOT MPOAKTUBHOE OTCIIE-
KMBaHMEe  COCTOSIHMSI ~ CepBEpOB,  CeTeBbIX
YCTPOWCTB U MPUIOXKEHUIA. ITU CUCTEMBI TTO3BO-
JISIOT OTNEePaTUBHO BBISABASATh UM YCTPAHSITh IMPO-
6J1eMbl, CBSI3aHHbIE C MPOM3BOAUTEIbHOCTHIO, Ta-
KMe KaK Meperpys3Ku Ipolieccopa, HexBaTKa Ia-
MSITY VUJTU TIPOITYCKHOJ CITOCOOHOCTM ceTH. BaxkHO
TaKoKe MUCITOJIb30BaTh CUCTEMbI MOHUTOPUHTIA Oe3-
ormacHocTH, Takue Kak SIEM-cuctemsl (Security
Information and Event Management), KOTOpbIe
MTO3BOJISIOT LIEHTPaIM30BaHHO COOMPATh U aHAU-
3MPOBATh JJaHHbIE O 6€30MaCHOCTH Y MHIIUAEHTAaX.
DTU CUCTEMBI TOMOTalOT CBOEBPEMEHHO pearupo-
BaTh Ha YIPO3bI U yAy4IIaTh 6e30MMacHOCTh. [Tpu-
MeHeHMe TeXHOJOTUI C MCKYCCTBEHHBIM MHTE-
JIEKTOM, TaKUX KakK cuctembl ¢ UM pjis aHanmsa
O0JIbIINX TAHHBIX, IT03BOJISIET 3HAUUTEIHHO ITOBbI-
CUTh 3Q(HEKTUBHOCTh MOHUTOPUHTA, IMPEaCKa3bl-
BaTh IMOTEHIMAJIbHbIE CO0M ¥ MUHUMU3UPOBATH
PUCKM.

Be3omnacHOCTh — OAMH U3 BaXKHEMIIMX aclleK-
TOB HpPOeKTupoBaHus IT-MHGpaCTPyKTyphI, OCO-
0eHHO B YCIOBUSIX ITOCTOSTHHBIX YTPO3 CO CTOPOHBI
KMOeprpecTynmHMKOB [4, c. 114]. Ins MuHUMM3A-
LIMM PUCKOB KubepaTak HEOOXOAMMO YUUTHIBATH
cenyolie MPUHIINUIIbI:

1. MHoroypoBHeBas 3auuTa. [IpoekTuposa-
HMe MHQPACTPYKTYPhI MOO/KHO BKIIOYATh He-
CKOJIbKO YPOBHEJ 3alIUThI: 3alIUTY Ha YpPOBHE T1e-
puMeTpa ceTu (Hampumep, C MCIOJb30BaHUEM
O6paHaMayspOB, CUCTEM IPeIoTBpalleHus BTOp-
>KeHUI 1 3aumThl oT DDoS-aTak), 3aluuTy JaHHbIX
(mmdpoBaHmMe, cpeacTBa ayTeHTUGUKAIINN) U 3a-
IIUTY TPWIOKEeHUH (OOHOBIEHMS ¥ TaTuM st
o).

2. PaspmeneHue ceTeBbIX 30H. PasmeneHue
KOPITIOPaTMBHOI CETU Ha 30HbI C pa3HbIMU YPOB-
HSIMU JOBEPUS MTO3BOJISIET OTPAHUYUTb AOCTYIT K
KPUTUYECKUM AAHHBIM U TIpUIOKeHUsIM. Harpu-
Mep, Co3aHKe 3alUIIeHHbIX CETeBbIX CETMEHTOB
I1s1 06pabOTKY YyBCTBUTENbHBIX JaHHBIX WU UC-
nosb3oBaHue TexHosoruu VLAN misg usonsuumn
onpeneneHHbIX YacCTel CeTu.

3. OOyueHMe COTPYIHMKOB. BakKHBIM acriek-
TOM 6€30IaCHOCTH SIBJISIETCS UeioBeuecKuit ¢ak-
TOp. PerynsgpHble TpeHMHIM IO BoIpocaM 6es-
OIMacHOCTH, GUIIMHTA U 3aIIUThl KOH(DUIOEHIM-
anpHOM MHGbOPMAUMUKU OJIS COTPYAHMUKOB IIOMO-
raloT 3HAUUTEIbHO CHU3UTb PUCKMU, CBSI3aHHBIE C
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HECaHKIVOHMPOBAHHBIM JOCTYIIOM MU OMINO0Y-
HBIMM eV CTBUSIMY BHYTPYU OpraHM3aIn.

BanaHc Mexxay 6e30macHOCThIO M IMPOU3BOIM-
TeJIbHOCTBIO SIBJISIETCS OHOI M3 HauboJjee CIoK-
HbIX  3amauy [Opu  IpoeKkTupoBaHmm  IT-
MHOPPACTPYKTYPhI. IIpMMeHeHre TaKuUX TeXHOJIO-
M1, KaK aIlmapaTHoe YCKOpeHue Kpumnrorpadnde-
CKUX OIepaluii, UCTI0Ib30BaHMe KOHTelHepu3a-
UMY )1 U30JISIIUYU TIPUIOKEHUIT Y BUPTyaIn3a-
1M Ha Oase CepBEpPOB C BBICOKOW IMPOITYCKHO
CIOCOGHOCTBIO, TIO3BOJISIET ONTMMMU3UPOBAThH MH-
dbpacTpykTypy C yueTom 6€30IacHOCTM.

BoiBOaBI

Takum 06pa3oM, MPOEKTUPOBAHNE U OITUMMU-
3alMsl KOPHOPATUBHBIX IT-MHOPACTPYKTYp Tpe-
6yeT KOMIUIEKCHOTO TOAXO0[a, KOTOPbIi JO/DKEH
YUMTHIBATh KaK TEKyIIMe MOTpebHOCTH OM3Heca,
TaK ¥ MePCHEKTUBHbBIE TEXHOIOTUN. APXUTEKTYP-
HbIe pellleHNsI, TaKue KaK KJIacTepu3anysi, reorpa-
(uueckas M30BITOYHOCTb, & TAKKe MCII0Jb30Ba-
HIe 00JIAYHBIX CEPBYCOB, UTPAIOT KITIOUEBYIO POJIb
B obecrieueHMM OTKA30yCTOMUYMBOCTM M MacIITa-
o6upyemocTtu. O6auHble TEXHOJIOTUMU TTO3BOJSIIOT
6bIcTpO U 3(G(PEKTUBHO amalTHUPOBaTh MHGpa-
CTPYKTYPY K M3MEHSIIOUIMMCS YCJIOBMSIM, a CU-
CTEeMbl MOHMUTOPWMHTA M aBTOMATMYECKOTO Mac-
MmTabupoBaHusl  00eCIeunBalOT  OINepaTUBHOE
yIopaBjeHMe pecypcamMu ¥ IIpefoTBpalleHue

c60eB. BasKHBIM aCIIEKTOM SIBJISIETCS MCII0/Ib30Ba-
H/ie MHOTOYPOBHEBOJM 3aIlMThl [jIsI MUHMMM3A-
1[MM PUCKOB KubepaTak U obecrieyeHue Ge3omnac-
HOCTM [aHHbIX. VCIOAb30BaHMe COBPEMEHHBIX
TEXHOJIOTMII ¥ METOIMK IPOEKTUPOBAHMS IIOMO-
raeT Co3maBaTh TMOKMe, 6e30IacHbIe U BBICOKO-
mpousBoauTenbHble IT-cucTeMbl, CIIOCOGHbIE 3¢h-
(heKTUBHO TOAAEPKMUBATH AeSITeIbHOCTh OpraHu-
3aLMii B YCJIOBUSIX OBICTPO MEHSIIOIIENCS TEXHOJIO-
TMYEeCKOM Cpefpbl.
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IT INFRASTRUCTURE DESIGN AND OPTIMIZATION

Abstract. The article discusses modern approaches to the design and optimization of corporate IT infrastruc-
tures aimed at ensuring fault tolerance, security and scalability. Particular attention is paid to architectural solu-
tions that allow achieving a high degree of fault tolerance in corporate networks, as well as the role of cloud tech-
nologies in scaling the infrastructure. The article analyzes the monitoring methods used to manage systems, as well
as ways to minimize the risks of cyber attacks when designing IT networks. Technologies and tools that provide an
optimal balance between performance and security of corporate IT systems are considered.

Keywords: IT infrastructure, fault tolerance, security, scalability, cloud technologies, monitoring, cyber attacks,
performance, IT system design, corporate networks, virtualization.
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INIOHATHUE U BUbl APXUTEKTYPbI CUCTEMbI

AHHOmMauus. Apxumexkmypa cucmemsl — 3o onucauue npodykma npozpammuposarus (OC, npunoxceHut,
npozpamm) ¢ Mouku 3peHus Noab308ame’is, 3aKa34UKd U CReYUaIucma no NPoeKmuposaHuio. B cmamoe 00sc-
HAenmcs, u3 uezo COCMoum cucmema, Kaxk 3neMeHmel 83aumoodeticmayom mexcdy coboli, paccmampusaemcs cymbo
apxumexkmypHoti cucmemsi u ee sudbl, a Makxie NpeuMyujecmsd u HedoCmamxku 0CHO8HbIX MUNOE.

Knioueewie cnosa: apxumexkmypa, cepeucosl, CXemol, auazpaMMbt, ciou.

VIIeCTBYET HECKOJIBKO OCHOBHBIX TUTIOB apXy-

TEKTYpbl: MHOTOCJIO/{HbIE, MHOTOYPOBHEBBIE,
CepBUC-OpMEeHTUPOBAHHbIE, MUKPOCEPBICHBIE.

OmnpepneneHyue apxXMTEKTypPbl CUCTEMbI — 3TO
OIMCaHMe OCHOBHBIX KOMITOHEHTOB M MOIYJIEi C
MIPUHIIUIIAMY UX paboThl ¥ B3aMMOCBSI3U APYT C
IPYTOM.

OmnepauyoHHoe onucaHue win Operation
View, comepkuT B cebe 3Tambl IPUMEHEHUS CU-
CTEMBI OIIepaTOpPOM, CLieHapUU U TIOTOKY paboT:

e  TrpadUYECKUIT U YUCTOBOI BUJ, OTIEpALINiA;

e  OpraHuM3al}MOHHYIO CTPYKTYpPy CX€MbI
(organization charts);

e  pasaMuHble BapualUM MCIIOJTb30BAHMS
(use cases) 1 ClieHapUH,

e  OuarpaMMbl ITOTOKOB 3amau (task flow
diagrams);

e IMarpaMMbl  ITOTOKOB
(information flow diagrams).

Jlormueckoe omvcauue (Logical View) ato Bu-
IleHe CUCTEMbI CO CTOPOHBI PYKOBOIUTEJS WU
3aka3umka. Logical View BkirouaeT B cebst Ipo-
IIYKTbI, OIMpeesione IPaHUIIbI MEXIY CaMoit
CHUCTEMO} U ee OKpYKeHMeM, MeXmy (QyHKIIMO-
HaJbHBIMM MHTepdeiicaMu M BHEIIHMMM CUCTe-
Mmamu. Kpome TOro, J0rmyeckoe omucaHue BKIIO-
yaeT B cebst apTedaKkThl BUAOB MTOBEIEHMS M QYHK-
LIV CUCTEMBI, IOTOKOB TaHHBIX, BHEITHUX Y BHYT-
pPeHHMX HabOPOB JAHHBIX, BHEIIHUX U BHYTPEH-
HUX I[I07b30BaTeNelt ¥ BHYTpPeHHUX (QYHKLMO-
HaJIbHBbIX MHTEP(deiCcoB:

e  MIPUHIMUIIMATbHbIE CXEMBI;

e  (yHkiMOHaANMbHAS Hekommosuuysa (data
flow chart);

e  nuarpammsl IDEFO;

e  CXeMbl WIM OMarpaMMbl (PYHKIIMOHAb-
HbIX TOTOKOB (FFBD).

uHbopMaumn

dusnueckoe onmcanme (Physical View) ompe-
IeyisieT BUAEHME CUCTEMbBI C TOYKM 3PEHMSI SKC-
MepTOB IO MPOEKTUPOBAHMUIO. 31€eCh OIpeesi-
eTcst pu3mMUeckasi rpaHuIla CUCTEMBI U € KOMIIO-
HEHTOB, MHGOPMAaIIMOHHO-TEXHOJIOTMUeCKast
CTPYKTypa, B3aMMOJEICTBME MOIYJIEN U UX UH-
TepdericoB, CTPYKTYpa JaHHBIX U €€ BHYTPEHHSS
0asa, a TaKke MpuUMeHseMble B pa3paboTKe CHU-
CTeMBbI TIpaBM/I. BOT HEKOTOpbIe TIpUMepbl GU3MU-
YECKUX OIMMCAHUIT apXUTEKTYPhI CUCTEMBI:

e  (usmueckre 6IOK-CXEMBI C ITOAPOOHOIA
neTanu3anuei;

e  iIaccudukaiusa 6asbl JaHHbBIX;

e  KOHTpPOJIb MHTepdeiica JOKYMEHTOB U UX
yrpasienus (interface control document, ICD);

e  CTaHAAPTHL.

ApxuTekTtypa orepaLyoHHOM! CUCTEMBI
IOJKHA JIOTMYECKM CBSI3BIBATh MEXTY c060it Bce
TpU BUIA OMMCAHUIT, KOTOpble Ha BBIXOJE 0Opa-
3YIOT KOHEYHBI! MPOAYKT CO BCEMU OCHOBHBIMMU
dbyakuysivMyu. CymiecTByeT TEPMUH «apXUTEKTYP-
Hble TpeboBaHusI». OH OoIpeeseT 3aIpoChl, MMe-
I0IIYe MaKCUMaJIbHOe BMSHME Ha IIPOEKTUPOBa-
HMe apXUTEKTypbl CUCTEMbI, ¥ YKa3bIBaeT Ha eé
Hepa3pbIBHYIO CBSI3b C TPEOOBAHUSIMM.

ApXUTEKTYpa CUCTEMBI COTEPKUT OOTBIIIOE KO-
JIMYECTBO CTPYKTYP, KOTOPbIE HATIPSIMYIO 3aBUCST
OT IOTPeOHOCTENT ¥ TPeOoBaHMIT 3aKa3uMKa 1 pas-
paboTumka. ITo TpebyeT OoIpeneIeHHOTO CUCTEeM-
HOro noaxona. OTCroAa BbITEKAET eIl OJHO OIpe-
IleJIeHye ISl apXUTEKTYPHOTO MTPOEKTUPOBAHMS —
CUCTEMHOE MTPOEKTUPOBaHME.

Ha cerogHsimnuit meHb pa3paboTUMKU TIPUIY-
MaJIM CHOCOObI YCTpaHeHMS] HeJOCTaTKOB IPOeK-
TUPOBAHMS MPOrpaMMHOro obecrieueHus 6e3 ap-
XUTEKTYPBHI.
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MHorocoiiHasgs apxXuMTEKTypa CUCTEeMBbI
IIporpaMm

MHorocnoiiHast apXUTeKTypa CUCTeMbI TPUJIO-
SKeHM1 U IPOTpaMM paboTaeT Mo MeTOIy pasjesie-
HMS OTBETCTBEHHOCTeI. [IporpaMMHoOe obecrieve-
HME COCTOUT U3 CJIOEB, KOTOPbIe HAK/IAbIBAIOTCS
oguH Ha fapyroi. Y kaxgoro cios 10 ecTs cBost
06s13aHHOCTb.

ApXUTeKTypa BBIUUCIUTENbHBIX CUCTEM pasfe-
nset 10 Ha cienyloliye CIou:

1. Cnoit mnpencraBienuss  (Presentation
Layer). 1o uHTepdeiic Momb30BaTeNsI, KOTOPBIN
HeceT OTBETCTBEHHOCTh 3a YJOBJIETBOpPEHUE UC-
M0JIb30BaHMSI IPOTPAMMbI F03€pOM.

2. Cnoit 6usHec-noruku (Business Logic
Layer). OH pasgenset UI/UX OT BbIUNCI€HUI, OT-
HOCSIIMXCST K 6usHecy. BusHec-TpebGoBaHMUS II0-
CTOSTHHO MEHSIOTCS, a cioit Business Logic Layer
MO3BOJISIET JIETKO MEHSIThb JIOTMKY UM TMOACTpau-
BaTbCs IO/, HOBOBBEIEHN S, HUKAK He KacasiCh Ipy-
TUX CJIOEB.

3. Cnoii nepemaun manHbix (Data Link Layer).
Cuctema MOCTOSTHHO KOMMYHUITUPYET C TTOCTOSTH-
HBIMM XpaHWINIIAMU Y IPOMU3BOIUT 6OJIbIIOE KO-
JINYECTBO OIepainuii mo oo6paboTke nHOOpMaLN,
He CBSI3aHHOI ¢ 6u3HecoM. IMeHHO 3a 3TO B3au-
MogelicTBye 1 oTBevaet cyoit Data Link Layer.

Kaxkmplii cjioit B mu3aiiHe COmEPsKUT 3JIEMEHThI
yIIpaB/ieHUs U JaHHbIe, KOTOpble IepexonsiT OT
OIHOTrO K Apyromy. biaaromapst aToi cucteMme yBe-
JIMYMBAETCSI YPOBEHDb aOCTPAKIINY U OTYACTH CTa-
OMJIBHOCTD MTPOTPAMMHOTO 0OecIeveHmsI.

[MpeumytiecTBaMmy MHOTOCJIOIHOTO TOCTPOe-
HMS apXUTEKTYPbl CUCTEMBI SIBJISTIOTCS:

e B CpaBHEHMM C [APYIMMM MOOXOJaMMU
mmMeeT 60Jiee IMPOCTOE UCIIOTHEHNE;

e pa3feneHMe OTBETCTBEHHOCTU MEXAY
YPOBHSIMM YBeIMUMBAeT abCTPaKIINIO;

. KaXIbIi CJI0M 3aliuileH OT M3MeHeHUM
Ipyrux Graromapst M30IMPOBAHMUIO;

e  yIOpaBjJeHMe IMPOTPAaMMHBIM obecreye-
HMEeM HaXOAUTCSI Ha BbICOKOM YPOBHE M3-3a He-
3HAUUTETbHON CBSI3aHHOCTU CJIOEB.

Bmecre c TeM, cieyeT OTMETUTD M HELOCTaTKU
3TOro MOoAXoa:

e  HeboJbIIMe MacIITabbl IOCTPOEHMUS ;

e  MOHOJIMTHAsI CTPYKTypa C YCAOXXHEHHbIM
Mpo1leccCOM BHeCeHMsI HOBOBBeeHMIA;

e  TPOXOXAEHME JaHHBIX M0 KAKIOMY C/I0I0
BHE 3aBMCUMOCTM OT HEOOXOOMMOCTM WX Iepe-
Jaumn.

MHoroypoBHeBasi apXUTeKTypa CUCTeMbI
Imo

MHoroypoBHeBasi apxuTekTypa uHOOpMAI-
OHHBIX CUCTEM JeJIUT IIPOrpaMMHOe obecIieueHme
Ha YpOBHM MO MNPUHUMUITY B3aMMOOTHOILIEHUS
«KJIMEHT-CepBUC». YPOBHU DPAa3TPaHUUMBAIOT OT-
BETCTBEHHOCTD MTOCTABILMKA JAHHBIX M KOHEUHOTO
MOTPeOUTENS.

[Ip oZHOYpPOBHEBOJ CcUCTeMe - eOuHas CU-
cTeMa paboTaeT OJHOBPEMEHHO HA CTOPOHE Cep-
Bepa 1 Ha CTOpPOHe nosab3oBaTensi. OHa MOAXOOUT
JLJISI HECJIOXKHBIX [TPOrPaMM, pacCUUTaHHBIX Ha Of-
HOT'O KJIMEeHTa. YIIPOLIeHHbII BapMUaHT apXUTeK-
TYpbl MWCK/IOYaeT MeXCUCTeMHOe B3auMOneli-
CTBUE U 00ecreunBaeT MPOCTOTY Pa3BePTHIBAHUS
Y XOpOILYIO CKOPOCTb CBSI3U.

PaboTa IByXypOBHEBOI CUCTEMBI CTPOUTCS Ha
pasneneHue paboThl GU3MUECKUX MAIIVH CEPBEPA
M monb3oBartens. Takoil moaxon obecreynBaeT
060C06/IeHHOCTD OTIepalnii TI0 YIIPaBaeHUI0 AaH-
HBIMU, OTeparuii mpeacTaBiIeHus] U 06paboTKU
IaHHBIX. KiMeHT BKITIOYaeT B ce6s1 CIoM IIpe3eHTa-
MY, Tiepefavy JaHHbIX ¥ 6u3Hec-jaoruku. Cepep
— 6a3y JaHHBIX ¥ XpPaHWINIIE.

Tpex u Bblllle-ypoBHEBbIE CUCTEMbl HafieeHbl
BBICOKMM YPOBHEM MACIITaOMPYeMOCTM KaK IO
BepTUKaIU, Tak U Mo ropusoHTasu. Kpome Toro,
n-ypoBHeBasi CUCTeMa I03BOJIsieT CO34aTh IPO-
rpaMMy BBICOKOI MPOU3BOAUTENbHOCTU. Bromsker
Ha CO3[aHMe TaKOoil CUCTeMbl OymeT Tropasmo
Bbillle. BpICcOKasi CTOMMOCTb IMOJpasyMeBaeT MUC-
MOJb30BaHMe METOAA B KPYIHBIX MPOrPaMMHBIX
pa3paboTKax C KOMIUIEKCHBIM peleHueM (Harpu-
mep, cioxebie I10, Tpebyoiye ompeneaeHHbIX
MapaMeTpoOB MPOU3BOIUTENBHOCTM U MaCIITaOM-
pyemocTtu). B TaHIeme ¢ COBpeMEHHOI CepBUC-
OPUEHTUPOBAHHOM apXUTEKTYypOM 3TO IMOAXO[,
croco6eH CO3/1aBaTh CaMble CJIOKHbIE MOJIEJIN.

CepBUC-OpPMEHTHUPOBAaHHAsA  apXUTEKTypa
cuctremsl I10 (SOA)

Takoil TMUII apXUTEKTYpPbl CUCTEM COIAEPKUT B
cebe cBsI3aHHbIe JIPYT C JPyrOM KOMIIOHEHTBI U
npwioxkeHusl. CBSI3b yCTaHaBIMBAETCS C IIOMO-
IIbI0 CTPOTO OIpeie/IeHHbIX CEPBUCOB.

OCHOBBI U 3/IEMEHTbl apXUTEKTYpPbl CUCTEMBI
TaKOro TUIIA:

e  cepBUCHI (Services);

e  (CBA3yWOIIEe MPOrpaMMHOe obecreyeHue
uau cepBucHas mmHa (Service Bus);

e  XpaHWIMILEe JaHHBIX CEePBMCA UV CEPBUC-
HbIIi perosutopuit (ServiceRepository catalogue
of services);
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e  0e30macHOCTb Habopa apXUTEKTYPHBIX
npuuiuioB —SOA (SOA Security);

e ympasieHnue SOA (SOA Governance).

Cy111ecTBYIOT TUITbI CEPBUCOB: OPTaHM3aLMOH-
Hble (Entity service), momeHHbie (Domain Service),
BciomoratenbHble (Utility Service), mHTerpupo-
BanHble (Integrated Service), cepBuc 6e30macHO-
ctu  (Security Service), cepBUC HOPUIOKEHUI
(Application Service).

MuKkpocepBUCHasI apXUTEKTypa

MuxpocepBUCHasT apXUTEKTypa CUCTEM IIPO-
TPaMMMPOBaHMSI OCHOBBIBAETCS Ha pa3paboTKe
MIPWIOXKEHMIT Kak Habopa cepBucoB. Kakaplit n3
HeGOJbIINX CEPBUCOB 060C00/IEH B COGCTBEHHOM
Tpoliecce M CBS3bIBAETCS C HECTOKHBIMU JIETKO-
BeCHBIMM MexaHu3Mamu. 3adacTtyio 3To API gns
HTTP-pecypca. OHM MMEIOT OTHeNbHbI aBTOMa-
TU3UPOBAHHBIN MeXaHM3M Y paboTal0T OTAENbHO
ApYT OT Apyra.

AIMMHUCTpATUBHOE yIIpaB/ieHMe MEXIy cep-
BMCAMM CBOAMUTCS K MUHMMYMY. OHM MOTYT MUC-
MOJb30BaTh pa3Hble TEXHOJOTUM XpaHeHUs AaH-
HBIX U MMETh OTJAMYHbIE IOPYT OT Apyra SI3bIKU
HamnMcaHus.

Co3pmaHyue MUKPOCEPBUCHON apXUTEKTYPBI CU-
CTeM OCHOBBIBAeTCsI Ha KOMIIOHEeHTHU3allu CEPBU-
COB, KOTOpasl IeJMUT IIPOrpaMMHOe obecIieueHme
Ha pa3/IMuHble KOMIIOHEHTbI (CEPBUCHI), U30UPO-
BaHHbIE APYT OT Apyra. Kaskablii U3 Takux cepBu-
COB HECET CBOI0 OTBETCTBEHHOCTD. VI3MeHeHue of -
HMX KOMIIOHEHTOB He JOJ/IKHBI BIAMSATD Ha APyTHeE.

ApxuTerTypa paboTaeT 1Mo MPUHIMUITY KOMIIO-
HeHTM3auuu cepBucoB. OHa paspenseT Mpo-
rpaMMHOe obecrieueHye Ha pasaMyHble U30UPO-
BaHHbIE KOMIIOHEHTBI (CEPBUCHI) KaskKA bl 13 KOTO-
pBIX HECeT eAMHYI0 OTBETCTBEHHOCTb. V3MeHeHus
B OJTHOJ cepBMCe He IO/DKHbBI 3aTparmBaTh APYyTUeE.

MUKpOCEpPBUCHI  CIIOCOGHBI  PaCUIMPSATHCS
060CO6JIEHHO U He 3aBUCAT OPYT OT Apyra. BoT 5
OCHOBHBIX KOMIIOHEHTOB TaKOi apXUTEKTYPhI:

e  cepBuchl (Services);

e  cepBucHas mmHa (Service Bus);

e  BHEUIHAS KOH(UTypanus (External
configuration);

o 1wio3 API (API Gateway);

e  KoHTeitHepnl (Containers).

OCHOBHBIMMU TPEUMYIIECTBAMU MUKPOCEPBUC-
HOJ apXUTEKTYPbI SBISIOTCS

e  BbICOKMIT YpOBEeHb M3OJSIIIUM CO CAabO0I1
CBSI3aHHOCTBIO.

e  TloBbIlI€HHAS MOY/IbHOCTbD.

e  l3onupoBaHHBIE CUCTEMbI IIpemoOTBpa-
IIAIOT BIMSIHME COOSI B OJTHOM CepBIMCe Ha IPYToii.

e  T'MOKOCTb ¥ MacCHITabMPyeMOCTh Ha BbICO-
KOM ypOBHe.

e  VcKkopeHHble uTepauyu, 6iaromapsi Mmpo-
cToit MogudUKaLNn.

e  ViyuileHHas cucTeMa 00pabOTKM OILIM-
OOK.

e B oTanume OT MHOTOCIOMHOI apXUTeK-
TYPbI, pelraeT Mpo6ieMbl C TOTOKAMM TaHHBIX.

3axkmoueHne

Mpsl paccMOTpenu BCe BUABI apXUTEKTYPhI CU-
cteMm. OTpaskeHue B3auMogeiicTBus 6usHeca u UT
SIBJISIETCSI OCHOBHOV 3a/jaueil Mpu CO3AaHUU apXU-
TeKTypbl. C OAHOI CTOPOHBI, 3TO JOKYMEHTUPOBA-
HMe ¥ CTaHAapTu3aIms 6usHec-mpoueccos. C 1py-
roii — OINucaHKe COCTaBJSIONIUX apPXUTEKTYPbI
BeO-CMCTEM Ha JIOTMYECKOM YPOBHE C yU€TOM CBSI-
3eii ¢ GU3HeC-MpoLeccaMu.
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CONCEPT AND TYPES OF SYSTEM ARCHITECTURE

Abstract. System architecture is a description of a programming product (OS, applications, programs) from the
point of view of the user, customer and design specialist. The article explains what the system consists of, how the
elements interact with each other, the essence of the architectural system and its types, as well as the advantages
and disadvantages of the main types.

Keywords: architecture, services, schemes, diagrams, layers.
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CEPBUCBHI PAAS

AHHomauus. PaaS — smo o6nauHas naamgopma npuioxceHuti, komopas pabomaem nosepx laaS u pasme-
waem npozpammHoe obecneueHue Kaxk NpuioxceHue-ciyucoy. PaaS cocmoum u3 onepayuoHHbsIx cUCmeM, npome-
HCYMOUHO20 NPOZPAMMHO20 00echeuetus, cepeepos, XpaHunuuid, cpedsl 8bINOJIHEHUS, BUPMYAIU3AYUU U OpY2020
npo2pammHo2z0 obecheueHus, KOmMopoe no3eosem NpuioxeHusmM pabomamso 8 obnaxe, abcmpazupysice 0m MHo-
2UX ACNEKMO8 CUCMEeMHO020 AOMUHUCMPUPOBAHUS. DMO N0360Jsem Op2aHu3ayusim cocpedomouumscs Ha 08yx
BAMCHBIX BeUAX: CBOUX KIUeHMAax u ceoem Kode. PaaS 3a6omumcst 060 8cex demasisix CUCmemHo20 AOMUHUCIPU-
POBaHUS, MAKUX KAK HACMPOIKa cepsepos U eUPMyaibHblX MAUIUH, YCMAHOBKA Cped 8bIN0JIHEHUs, GUOIUOMmEX,
NPOMENCYMOUH020 NPOPAMMHO20 0becneueHust, HACMPOLiKa UHCMPYMEeHIMO08 COOPKU U Mecmupo8aHusl.

B cmamoe paccmompeHst npuHyunsl pabomst u npeumyujecmea PaaS, a maxce nposedeHo cpasHeHue nsmu
OCHO8HbIX nocmasuukos PaaS-cepeucos: Elastic Beanstalk om AWS, Heroku, Bluemix om IBM, OpenShift om
RedHat u Google App Engine.

Kntoueewvie cnoea: spems koduposauus, JuHamuueckoe pacnpedeneHue, niamgopmol, Elastic Beanstalk,

Heroku, Bluemix, OpenShift, Google App Engine.

PaaS BximiouaeT MHGPACTPYKTYPy (CEPBEPHI,
XpaHWINIIE M CeTeBOoe OOOpYyIHOBaHME), a TaKKe
IO TpOMesKyTOYHOTO CJI0ST, CPeICTBA Pa3paboTKy,
6usHec-aHAMUTHUKY (BI), CTY>KOBI CHCTEMBI YITPaB-
JIeHMsI 6a3aMM TaHHBIX U mpouee. PaaS mpemgHa-
3HaueHa /[Jis1 TOMAJEPKKM ITOJHOTO KM3HEHHOTO
MKJIa BeO-IPUIIOKEeHUS: pa3paboTKu, TeCTUpPO-
BaHMsI, pa3BepThIBAHUS, YIIPaBAeHNSI ¥ OOHOBIIe-
HUSI.

PaaS rTaxke mosBossieTr M36ekaTh 3aTpaT u
TPYIHOCTEN, CBSI3AHHBIX C IIPUOOpPETEHMEM JIU-
IIeH3Uil Ha ImporpaMMHoe obecrieueHue, 6a30BOi
MHPPACTPYKTYphl TIpuioxkeHuit, [0 mpomesxy-
TOYHOIO YPOBHSI, OPKeCTPaTOPOB KOHTEHEPOB,
Hanpumep Kubernetes, vty cpefcTs paspaboTKu U
IPYTUX PECYPCOB, a TaKKe yIpaBaeHueM MMU. Bbl
yIpaBiisieTe MPWIOKEHUSIMU U CIY>k6aMu, KOTO-
pble paspabaTbhiBaeTe, a TOCTABIIVK OOJAUHBIX
CITY>KO6 OOBIYHO YIIPABJISIET BCEM OCTATbHBIM.

Pa6ounii mpoiiecc B PaaS Tax ske mpocT, Kak Ko-
nupoBaHue B IDE, a 3aTeM OTIIpaBKa Kojia C IIOMO-
IIbI0 TAKMX MHCTPYMEHTOB, Kak Git, 1 HemezeH-
Hoe HabsofeHMe 3a u3MeHeHusMu. [IpemocTas-
s vHpacTpykTypy Kak yciayry, PaaS Ttakke
MpenjiaraeT Te ke MpeMMyniecTsa, uyro 1 laaS, Ho
C JOTIOTHUTEIbHBIMY QYHKIIUSIMY MHCTPYMEHTOB
pa3paboTKu.

e Jlyuniee BpeMsl KOOIMPOBaHUS: TTOCKOIbKY
PaaS mpegocTaBiisieT MHCTPYMEHTBI pa3spaboTKy ¢

TpeiBapUTeIbHO 3aKOJAMPOBAHHBIMM KOMITIOHEH-
TaMM TIPWIOXKEHUS, BpeMsl Ha KOJAMpOBaHMUe HO-
BOTO MIPUJIOKEHMSI COKpalllaeTcs.

¢ JIMHamMMueckoe pacrpeneneHue: B COBpe-
MEHHOM KOHKYPEHTHOM MUpe OGOIbIMMHCTBY UT-
KOMaH/I, HY’)KHA IT'MOKOCTb JIJIS1 pa3BePThIBAHUS HO-
BOV QGYHKIIMM MM HOBOM YCIYTY ITPVIIOKEHUS TSI
OBICTPOrO TECTMPOBAHMUS WM [AJISI TECTUPOBAHMUS
MX Ha HeBGOJTBIIIOM YYaCTKe KJIMEHTOB, ITpeXK/ie uem
chenaTb UX OOCTYIMHbIMU 1151 Bcero mupa. C PaaS
TaKye 3a/1auy Terepb CTAIX BO3MOXKHBIMMA.

e TIIpocras paspaboTka KpoccruiaTgopMeH-
HbIX TIPUIOKEHMUI: mnocTaBMKu yeayr PaaS
MpeNOoCTaB/ISIIOT HaM pa3/iMuHble BapMaHThI pas-
paboTKM [J1s1 pa3HbIX IIAaTHOPM, TaKUX KaK KOM-
MbIOTEPBI, MOOWJIbHBIE YCTPOMCTBA M IUIAHILIETHI,
YTO YIIPOILIAET M YCKOpsIeT pa3paboTKy KPoCCIuIaT-
(bopMeHHBIX TPUIOKEHMIA.

e Tlommepxkka 1o reorpadudeckomy Ipu-
3HaKy: 93TO TM0JIe3HO B CUTyalusX, KOTga He-
CKOJIbKO Pa3pabOTUMKOB pabOTAOT HAaL OTHUM
MIPOEKTOM, HO He HaXOIsSTCS MOOIM30CTH.

e lcmonb3oBaHMe TOJE3HBIX WMHCTPYMEH-
TOB 10 IOCTYIIHOJ 1leHe: MeTO/, OIJIaThl 10 Mepe
MUCTIOIb30BaHMSI TO3BOJISIET BaM IJIaTUTh 3a TO,
YTO BbI MCHOJIb3yeTe. TaKUM 06pa30M, BbI MOKETE
MICIT0/Ib30BaTh HEOOXOIMMOe IIPOrpaMMHOe obec-
revyeHne Win aHaJIUTUIeCKUe MHCTPYMEHTBI B CO-
OTBETCTBUM CO CBOMMM TpeboBaumsiMu. OH
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obecrieunBaeT MOOIEPIKKY ITOTHOTO XKM3HEHHOTO
IIMK/Ia BeO-IIPUIOKEHMSI: CO3JaHue, TeCTUPOBa-
HMe, pa3BepThIBaHMe, YIIPaBIeHe ¥ OOHOBJIEHME.

laas mpemyiaraet pecypchl XpaHeHUsI U MHGpa-
CTPYKTYPbI, HEOOXOIMMBbIE [JISI TOCTaBKY B 00J1au-
HbIe CepBUCHI, TOTJIa KaK OPraHU3alysIM, UCTIO/b-
3yiomyuM PaaS, He HYKHO 6eCITOKOUTbCS 00 MH-
(dpacTpyKType UM TaKUX CEPBUCAX, KaK OOHOBIIE-
HMUS TIPOTPAMMHOrO obOecrevyeHus, XpaHeHMUe,
ornepalOHHbIe CUCTEMBI, 6ayiaHCUPOBKa
Harpy3Kku U T. [I.

PaaS nsig Java xopomio moaxoguT, TOCKOIbKY
JVM, cepBep IpUIOKEHU 1 apXUBbI pa3BepThiBa-
Hus, T. e. WAR mwin EAR, obecrieunBaloT ecTe-
CTBEHHYVIO M30JISILUIO JJISI TIPUJIOKEHNT Java, mo3-
BOJISIA MHOTMM pa3paboTyMKaM pa3BepThIBATH
MIPWIOXKEHUS B OJTHO U TO¥ ke MHPPaCTPyKType.

BMmecTe ¢ TeM Mbl TOJKHBI YUUTHIBATH CIEAYIO-
e MOMEHTHI, TIpesKe ueM BbhiOMpaTh PaaS-cep-
BUC:

e  TI'MOKOCTb BbIOOpA cepBepa IPUIOKEHUI,
Hanpumep JBoss, Tomcat 1 T. 1.;

e  BO3MOXHOCTb VIIpaBJIEHUSI HACTPOIIKOI
JVM, Hanmpumep, HacTpoiikoi GC;

e  BO3MOXHOCTh ITOJK/ITIOUEHMSI, BbIOpaH-
HOTO BaMM CTeKa, Hanpumep MongoDB, MySQL,
Redisu . o.;

e  Hajjlexallee BeieHMe XKypHasa.

1. Elastic Beanstalk or Amazon

Elastic Beanstalk mo3sBossieT Mmoib30BaTEISIM
CO371aBaTh, OTIIPABJISITh U YIIPABISITh BeO-TIPUIIO-
sKeHusIMM B KoHcosin Amazon Web Services (AWS).
C Elastic Beanstalk mpocTo 3arpysute cBoit Koz, 1
OH aBTOMAaTUYECKU BBITIOTHUT pa3BepThIBAHUE,
MTOATOTOBKY OaJIaHCUPOBIIMKA HArpy3kKuM M pas-
BepThIBaHMe Bariero ¢aiyia WAR Ha omHOM miin
HeCKOJbKMUX 3Kk3emiuisipax EC2, paboTamoimux Ha
cepBepe mnpwioxkenuit Apache Tomcat. Kpome
TOTO, BbI TO-TPeKHEMY OyneTe MMETb ITOJHBIN
KOHTPOJIb Haf, pecypcamu AWS, Ha KOTOpPbIX pabo-
TaeT Ballle IpUIOKeHMe.

3a Elastic Beanstalk He B3uMaeTcst JOIOIHM-
TesbHad mwiata. OH ciegyeT MOJeNM OIIAThl IO
Mepe UCIO0JIb30BaHus 11t pecypcoB AWS, Heo6xo0-
IVMBIX JIJISI XpaHeHUS U 3a1TyCcKa BallluX Ipuoke-
Huit. [Tosib30BaTesn, MMelolIe IPaBo Ha YPOBEHD
GecriaTHOrO MCIoab30BaHusT AWS, Moryt wuc-
T10JIb30BaTh €ro 6ecIuIaTHoO.

3mech Bbl MOXKETe HavaTh paboTy C MPUIIOKe-
HueM Java Ha AWS. TTocie TOro Kak Bbl yIaKyeTe
CBOJ1 KOJI B CTAHTaPTHBI apXMB Be6-TPUIOKEHMI
Java (¢aitm WAR), BbI MOXeTe 3arpy3suTb €ro B
Elastic Beanstalk ¢ moMomibio KOHCOIM yIIpaBje-
Hust AWS, Habopa uHcTpymeHTOB AWS s Eclipse

MU JIIOOBIX JIPYTMX MHCTPYMEHTOB KOMAaHIHO
CTPOKU. DTOT HAOOP MHCTPYMEHTOB MPEICTABIISIET
€060 TTOAKIIOYaeMbIii MOIY/Ib C OTKPBITBIM MC-
XOIHBIM KOAOM M TIpejjiaraeT BaM YIIpaBJIsSITh pe-
cypcamu AWS ¢ ITOMOILbI0 BalllX DPUIOXKEHUI U
cpen u3 Eclipse. OH MeeT BCTpOEHHbIE METPUKU
mounurtopunra CloudWatch, Takme, Kak cpemHsist
3arpyska LI, KoauuecTBO 3aMpoCcoB U APyTHE.

2. Heroku

Heroku - aT0 emie ogun cepBuc PaaS miist mpo-
CTOTO pa3BePTHIBAHMS M MACIITAOMPOBaHMUS Ba-
1ero Koga. JTO OAMH U3 CTapeilmx CepBUCOB
PaaS, HO ero MokHO cpaBHUTbL ¢ Amazon, Google
unu Microsoft. Heroku mo3BosisieT Bam co37aBaTh
TIPUJIOKEHUS TT0-CBOEMY, IIPEIOCTaB/IsIsI HeoOX0-
IVMble MVHCTPYMEHTBHI.

IoImycTuM, Bbl XOTUTE MCIIOJMb30BaTh CTaH-
IapTHBIE OMOIMOTEKY C CepBepaMy IIPUIOKEHIA,
TakuMu Kak Tomecat, Jetty u T. . Bol MOkeTe jierko
BBITIOJIHUTD TaKyld HACTPOWKY C IIOMOIIbIO
Heroku. ITo ymomuanuio Heroku mommepskuBaeT
Ruby, Node, Python, Java, Clojure, Go, Groovy,
Scala 1 PHP, HO OH paciuupsieM, T. €. MOXeT pabo-
TaTb C IPYTUM SI3bIKOM, VCITOJIb3YSI TT0JIb30BATE/b-
CKUJt TTaKeT COOPKM.

Heroku mcrionb3yet Git mast yrpaBieHust pas-
BEPTHIBAaHMSIMU NPUIOKEeHNI. BaM IpoCTO HY>KHO
OTIIPaBUTh CBOI pernosutopuii Git Ha Ux cepBepsl
IIJISI pa3BePThIBAHMS BaIIEro MPUIOKEHMS.

Heroku mpepmocTaBisieT HEKOTOPbIe Crielab-
Hble CJTY’KObI 6e30MMacHOCTM, TaKMe KaK BO3MOXK-
HOCTb YIPaBIATb KOHGUTYpauusamu, crieruduy-
HBIMU [IJISI Cpelibl (HampuMep, Y4eTHbIMU [IaH-
HbIMM [J11 GaHKOBCKMX yciayr). OH TapaHTHUpYeT,
YTO Balll MCXOMHBIN KOM OTIeNeH OT 3TUX KOHDU-
rypanuii 1yist 60bIneil 6e30MacHOCTY U IepeHo-
cumocTtu. Iy Java Heroku o6ecrieuriBaeT aBToMa-
TUYECKOe COBMECTHOE MCII0/Jb30BaHME CEAaHCOB
MeXIy 5K3eMIUISIpaMy cepBepa, MOCKOIbKY Kax-
IIBIVi U3 eT0 IK3eMIUISIPOB cepBepa 06epHYT BOKPYT
MOJIb30BaTEIbCKOrO 3K3eMIuIsipa Jetty. Ero opmen-
TUPOBAHHOCTh Ha pa3pabOTUMKOB U MPUBEPIKEH-
HOCTb TIO3BOJISTIOT BaM WM3YUYUTb IIPUIIOKEHME
Heroku B kpaTuaiiiie CpoKu.

3. OpenShift or RedHat

Red Hat OpenShift ocHoBaH Ha IPMIOKEHMSIX C
OTKPBITHIM MCXOAHBIM KOJOM C IIMPOKUM CIIeK-
TPOM $SI3bIKOB, 6a3 TaHHBIX ¥ KOMIIOHEHTOB. OHU
MOAIEPKUBAIOT IIMPOKUIA CITEKTP SI3BIKOB, TAKUX
Kak Java, Ruby, Node, Python, PHP, Perl u gpyrue.

Wcnonb3yst OpenShift, MoxkxHO 6BICTPO co3ma-
BaTh, pas3BepTbIBATh M YIIPaBIsATh oO6GpasaMu
Docker Ha HafeXHO! MacuITabupyeMoil TIaT-
dopme. OpenShift Takke paer BaM ITOJHBIN
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KOHTPOJIb HAJI, 9K3eMIUIIPOM YacTHO 6a3bl JaH-
HbIX. MOXHO BbIOMpATh U3 Pas3JIMYHBbIX 6a3 maH-
HbIX, Takux kKak MySQL, PostgreSQL, MongoDB u
SQLite. OHM MMeIOT TIpeABAPUTENIBHO 3aKOIUPO-
BaHHbIE PEMO3UTOPUM [JIST ObICTPOTO 3aIycKa.
ITpocras KomaHma «git push» pasBepThiBaeT Ball
KO/l B TIPVJIOKEHUN.

OpenShift memaer 6Gosbllle, yeM MPOCTO pas-
BepThIBaHME, U MIPEIOCTABISIET CJIOKHBIE MHCTPY-
MEHTBI [IJI YIIpaBAeHMS] BCEM JKM3HEHHBIM ILIMK-
JIOM Balllero MporpaMMHOro obecreyeHus. OH
TaKkKe MPEeAOCTaB/IIeT BaM TaKMe MHCTPYMEHTHI,
KaK CHUMKM TIPUIOKEHUI IJIT Pe3epBHOTO KOIU-
POBaHMSI M  BOCCTAaHOBJIEHMSI IIPUIOKEHMIA.
CHUMKM XpaHsTcs B (aiiiax tar, KOTOpble comep-
KaT TMpUIOKeHMe, JOKaabHble (aiiabl U (daiiibl
SKypHaJIOB. Bnaromapsi BCTPOEHHONM WMHTerpanumn
miatdopmel OpenShift ¢ Eclipse, JBoss Developer
Studio, MmHOr¥Me pa3paboTUMKM MOTYT pa3pabaTbi-
BaTh ITOJTHOCTBIO B YOOOHOI 11t HUX cpefe IDE.

Ero meHbl CTPYKTYpMpPOBaHbI B BUiE IIAHOB,
TaKMX Kak 6eCcIiyIaTHbI, GPOH30BBIN WK cepebpsi-
HbIii. BecrjiaTHbIN IIJIaH pasMeliaeT A0 3 Be6-mpu-
JIO’KeHMi1 B 06/1aKe. BpOH30BbIIi IJ1aH 6eCIlIaTHbI
C BO3MOSKHOCTBIO OIUIATHI MO (DAKTY MCIIO/Ib30Ba-
HUSI JOTIOJTHUTENIbHBIX PECypCOB, a CepeOpSIHbIi
IIJIaH — 3TO OIIATa [0 Mepe UCIIOIb30BaHUS C CU-
CTeMOI MOAAePKKU.

C OpenShift Bl MOXkeTe 6bICTPO Pa3BEPTHIBATH
" 3aITyCcKaTh IPUIOKEHMS Java, UCIIOMb3Yys BalIu
JII0GMMBbIE CepBepbl MPUIOKEHMIT U PpeiiMBOPKINL.

4. Bluemix ot IBM

Bluemix — 3T0 peanusauusi apxuTeKkTypsl IBM
Open Cloud. Ona ocHoBaHa Ha CloudFoundry, uto
M03BOJISIET pa3paboTuMKaM CO3/1aBaTh, PA3BEPTHI-
BaTh M YIIPAB/ISITb CBOMMM MPWIOKEHUSIMU Uepes
CBOIO TIaHesb yIpaBieHus. Bluemix mommepsku-
BaeT pasInyuHbIe SI3bIKM MTPOTPAMMMUPOBAHMS, Ta-
Kue Kak Java, Node.js, PHP u Python, u pacumpsi-
eTCsI AJ1S TIOAAEPSKKY OPYTUX SI3BIKOB.

Ero miatdopma Takke BKIIOYAeT B cebs
CJTyK6BI MPOMEXYTOUHOTO TPOrPaMMHOTO obec-
TIeYeHUs ¥ aBTOMATUUYECKM IIPEIOCTAB/IIET HOBbIE
9K3eMIUISIPbI 3TUX CITY3K0. PaspaboTumMky TakKe
MOTYT MacCIITabMpOBaTh CBOM MPWIOKEHUS I10
Mepe M3MeHeHMs TpeboBaHMIT paboueit Harpy3Ku,
MCIIO/b30BaTh Katanor Bluemix pnis mocrtyma K
cryk6am. Bluemix Takke MMeeT HEBEPOSITHbIN
BBIOOP KOMIIOHYEMBIX CJTY3KO CpeJibl BBITTOJTHEHNS],
KOTOpbIe pabOTaIOT CO CpeIaMM BBITIOTHEHMSI, KO-
TOpbIe BbI XOTUTE UCIOJMb30BaTh. OHM yKe ycTa-
HOBJIEHBI M JIMIIEH3UPOBaHbI Ha IaTGopme, UTO
yIOpoOIIaeT BaM CO3[aHME 9K3EMIUISIPOB U

HACTPOJKy, & TaK’Ke OHM MMEIOT LIeHbI Ha OCHOBE
MCIIONIb30BaHMSI.

Bluemix — 3To Kak KOpIIOpaTMBHAs MPOM3BOJ -
CTBeHHasl tuiaTdopMma, Tak U ecoOuHuIIa JJ1sl pas-
paboTurkoB. OHa MMeeT pa3sBepPThIBAHUS BUPTY-
aJbHBIX MamMH yepe3 OpenStack, Tak 4TO BBl MO-
’KkeTe KOHTPOJMUPOBATh BeCh CTEK ITPOrpPaMMHOIO
obecrieuenus. [IpuMep MPWIOKEHUST HAYUUT Bac
3aIlyCKaTh, MU3MEHSTb, TECTUPOBATb U Pa3BEPThI-
BaTbhb BeO-IIPWIOKEHME B 06/IaKe C MOMOIIbIO UH-
ctpyMmeHTOB Java u Eclipse. VIX joKymMeHTaLus X0-
poiia (XOTs U He UaeaibHa), HO UX NeMOHCTpaly-
OHHbIE IPWIOKEHNSI HEMHOTO COMBAIOT C TOJIKY.

5. Google App Engine

Google App Engine (GAE) - aTo nipefjioskeHue
PaaS, koTopoe mmo3BosseT Bam co34aBaTh U 3aMycC-
KaTh IPWIOXKeHMS B MHPpacTpykType Google. Ero
TIPWIOXKEHUSI JIETKO CO3/aBaTh, MOMNEPKUBATh U
MacIITabMpoBaTh )i BalllMX JAHHBIX Tpaduka u
XpaHWINILA.

[ToCKO/MBbKY HET cepBepoB, KOTOPbIe HYSKHO 06-
CJIY>KMBATh, Bbl MOXeTe MPOCTO 3arpy3uThb CBOE
MIPWIOXKEHME, ¥ OHO TOTOBO K pabore. IIpmioske-
HUA paboTaloT B 6e30IacHO M30JIMPOBAHHON
cpene, uyrto no3BossieT GAE pacripemensitb 3a-
MIPOCHI TT0 HECKOJIBKMM CepBepaM ¥ MacIITabupo-
BaTh JJIS YAOBJIETBOPEHMSI MOTPeOGHOCTEN B Tpa-
¢duxke. Bl MOkeTe JIeTKO CO3[laBaTh, pa3padaThi-
BaTh, TECTMPOBATh M pasMellaTh pas3jMUHbIe Bep-
CUM CBOEro MNPUJIOKEHUS B TMPOMEXYTOUHBIX U
MpOM3BOMICTBEHHBIX cpefax. App Engine nuHamu-
YyecKy MO03BOJISIET BaM BbIJIe/ISITh CUCTEMHbIe pe-
CYDPCBI, KOT'[Ia €CTh PeajbHbli CIIPOC Ha IIPUIOKe-
Hue. Google Stackdriver — 3To oTIaTUMK, KOTOPBIA
TOMOTraeT BaM OMAarHOCTUPOBATbh M KOHTPOJIUPO-
BaTb MIPOM3BOJUTEILHOCTD Balllero MpUIOKeHNs.
OH ucnosib3yeT KoHTeliHep Jetty Servlet mjs pas-
MeleHus IPUIoKeHUi 1 roaaepskupaet API Java
Servlet. K coxxkanenuto, Bepcust 3.0 ¢ moanepikkoii
He6JIOKMPYEeMOTO BBOJA-BbIBOAA BCe ellle HeAO-
CTYITHA, ¥ 3TO €IMHCTBEHHbI HeA0CTaTOK, KOTO-
PpbIii 1 MOTY BCHOMHUTB celivac.

BbI MoskeTe HauaTh paboTty ¢ GAE 114 Java, BbI-
OpaB IpeaNnoUYTUTEIbHYIO Cpely: TMOKYIO U CTaH-
naptHyo. [Ipmnoxxkenuss GAE 3amyCcKarTCs KaK 9K-
3eMIUISIPbI B 3TUX Cpefiax, TO3TOMY lieHbl yKa3aHbl
3a yac 3a sk3eMIusip. [logpo6HbIe 1eHbI OTMCAHBI
30,eCh.

HecKobKO KJIMEHTOB PaccKasblBalOT O CBOEM
3aMevaTesibHOM oOImbiTe pabotel ¢ Google App
Engine, nanpumep, Floreysoft, kotopast o6bemu-
HSIeT KOMITaHMM, KOJUIeT ¥ KJIMEeHTOB C ITIOMOIIbIO
Google App Engine, uau o Tom, Kak Best Buy
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COKpaIaeT BpeMs ¥ pecypchbl pa3paboTKu MPUIo-
skeHmit ¢ momoinbio Google App Engine.
3axkiaoueHue

Paa$ nipoiiies [ormii myTh 3a MOCAeJHME TO/IbI.
Ero mpenjioskeHus Mo-mpeskHeMy ObICTPO pa3BU-
BAIOTCS M MCIIONb3YIOTCS BCe GoJibllle U OOJIbIIIE.
Hapneroch, 6iarogapst 3TUM 3HaHUSM BbI CMOXKETE
pelnTh, Kakoe npeajoxkeHne PaaS mcnonb30BaTh.

[Tpu BbIGOpPE perienus PaaS mjia mpuioskeHUi
Java ciemyeT yUMTbIBAaTb HECKOJIBKO KIIHOUEBBIX
0COOEHHOCTEIA.

Bo-miepBbIX, TuiaTdopma AO/KHA TOJIEePsKi-
BaTh SI3bIK Java UM IpepjiaraTh HaJleKHYIO Cpeny
BbITIO/NIHeHMsI. OHA TaKKe IO/DKHA 06ecreynBaTh
MacIITabMpPyeMOCTb IJIsI 00PabOTKM PasIUUHbBIX
pabounx Harpy30K ¥ BO3SMOKHOCTb MHTErpaIuu C
Ipyrumu cepsucamu u API. Be3omacHOCTb — elle
OIOVH BaKHBINM AacIekT, BKIO4Yas mudpoBaHMe
IaHHBIX, ayTeHTUPUKAINIO TI0JIb30BaTesel 1 3a-
HIMTY OT yrpo3. HakoHell, paccMOTpuTe MO/e/b
IIeHO0Opa30BaHMsT TIATHOPMBI, TTIOAAEPKKY KITK-
€HTOB ¥ Pecypchl COOOIIEeCTBa.

Tarke PaaS mpepjaraetT HeCKOJIbBKO MpeUMYy-
IIeCTB ISl pa3spaboTKM MIpuiaokeHuii Java. OH
MpenoCcTaBsieT TOTOBYIO K MCI0/Ib30BAaHMIO T/1AT-
dbopmy K1 cozmanusi, TECTUPOBAHMS U pa3BepPThI-
BaHMS TIPUJIOKEHMUIA, YCTPaHsIsI He06XOAVMOCTD B
yopaBiaeHuy 6a30Boit MHGPACTPYKTYpoOit. DTO
YCKOpSIET TpOoIlecC pa3paboTKM M CHUKAET 3a-
Tpathl. PaaS Takke obecreynBaeT MacuITabupye-
MOCTb, TIO3BOJISI MPWIOKEHUSIM CHPaBJSTHCS C
BO3pocCIIMMM Harpyskamu. Kpome Toro, oH moj-
IepKMBAeT COTPYOHUYECTBO MEXIY IPYIITaMu

pa3paboTUMKOB, KOTOPbIE MOTYT ObITh Teorpadu-
YyecKy paccpeoTOUEHbI.

Xora PaaS npepmjaraeT MHOXECTBO IIpeuMYy-
IIECTB, OH TAaKXKe CO3[aeT HeKOTOphIe MPO6IEMBI.
K HMM OTHOCSITCS MOTeHUMaIbHAas IPUBSI3Ka K M0-
CTaBIIMKY, ITOCKOJIBKY HEKOTOpble (GYHKIUU U
YCIYTY MOTYT ObITb YHUKAJbHBIMM I KOHKPET-
HOTO IocTaBInyKa PaaS. Taxke MOTYT ObITh Orpa-
HUYEHUSI C TOUYKM 3pEHUST HACTPOMKIU M KOHTPOJIS
Hap cpenoit. Kpome Toro, XoTs mocraBuiuku PaaS
0OBIYHO IIpejiaraloT HafekKHble Mepbl Ge3o0rmac-
HOCTH, 0011ast IpMpo.Ia MIaTHOPMbI MOKET Mpe/I-
CTaBJISITh TTOTEHLMATbHbIE PUCKY 6E30MMaCHOCTH!.
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PAAS SERVICES

Abstract. PaaS is a cloud application platform that runs on top of IaaS and hosts software as an application
service. PaaS consists of operating systems, middleware, servers, storage, runtime, virtualization, and other soft-
ware that enables applications to run in the cloud while abstracting away many aspects of system administration.
This allows organizations to focus on two important things: their customers and their code. PaasS takes care of all
the details of system administration, such as setting up servers and virtual machines, installing runtimes, libraries,
middleware, setting up build and testing tools.

This article discusses how PaaS works and the benefits of it, and compares five major PaaS providers: AWS
Elastic Beanstalk, Heroku, IBM Bluemix, RedHat OpenShift, and Google App Engine.

Keywords: coding time, dynamic allocation, platforms, Elastic Beanstalk, Heroku, Bluemix, OpenShift, Google
App Engine.
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CTAPUKOB Cepreiit Bukroposuu
CUCTEMHBI apXUTEKTOP,
Benopycckuit rocysapcTBeHHbI YHUBEPCUTET MHPOPMATUKM U PAgMO3IeKTPOHUKN,
Pecniy6mka benapych, T. MMHCK

COBPEMEHHOE ITPOTPAMMMNPOBAHUE HA JAVA

AnHomauus. Bonee decsaimu Jiem Java 6blsl 0CHOBHBIM S136IKOM NPOPAMMUPOBAHUS, HO 8 NocedHuUe 200bl OH
nonan nod NPUCMAanbHOEe BHUMAHUE U CNOPbL NO 8CeM HENPABUIbHbIM hpuuuHam. Hekomopuie 110du ymeepxcoarom,
umo oH ycmapes, He coomaemcmeyem mpebo8aHusM, U UMo HOBblE A3bIKU 3AMMEeBAN €20 80 8CeX OMHOUEHUSIX.
Bmecme c mem Java ece euje udem 6 Ho2y ¢ COBPEMEHHbIMU A3bIKAMU NPOZPAMMUPOBAHUS.

B cmampe paccmampugarmcs cospemeHHble 603MOMCHOCMU S3bIKA Javd, npoysemarwyio 3Kocucmemy u Heno-
KoJ1e0UMOe NpUCYmcmaue 8 KOpnopamueHsIx U OMKPsIMblx cO00Uiecmeax, nouemy Java no-npexcHemy s6saemcs
OOHUM U3 CAMbIX NONYJISIPHBIX A3bIKO8 NPOZPAMMUPOBAHUS, 4 MAKIHE COBPEMEHHOCMB Java — HO8ble 803MONCHOCMU
8 Java 21, umo0sl coomeemcmaosams mpebosaHusiM co8pemMeHHOll pa3pabomxu npozpammHozo 0becneueHusl.

Knrouesste cnoea: Java, cmpykmypupoeauHbili Napauieusm, 8UpmyansHsle NOMOKU, WAadnoHsl CMPOK.

Henpexonﬂmee HacJienye Java OCHOBAHO Ha ee
HOBaTOPCKOM MOIX0fe K KpoccriaTdopMeH-
HOJT pa3paboTke, ee BAMUSHUYM Ha HapaguTrMbl IIPo-
IrpaMMMPOBaHMS U ee POJIu B pa3paboTKe KOPIIO-
paTUBHBIX TNPUIOXKeHMI. BBemeHue u LIMporoe
pacrpocTpaHeHne 00beKTHO-OPMEHTUPOBAHHOTO
nporpammuposanus (OOII) B Java cyiiecTBeHHO
TIOBJIMSITM Ha TO, KaK pa3pabaThIBaeTCs U CTPYKTY-
puUpyeTcss TporpaMMHOe obecrieueHue. IIpuH-
bl OOII cTanu cTaHAApPTOM B IIPOrPaMMUPOBa-
HUU, U Java CcbITpajia pellawllyio PoJib B 3TOM U3-
MeHeHUM Mapagurmbl.

HoBoBBepneHue Java B Buge KoHnemnuuyu WORA
«Write Once, Run Anywhere» mmosBonuio paspa-
60TUMKaM IM1CaTh KOJI, KOTOPBIN MOT paboTaTh Ha
J1106071 11aTGopmMe ¢ TOMOIIbI0 BUPTYaIbHOM Ma-
bl Java (JVM), HesaBucuMMO OT 6a30B0OIi omepa-
LIIMOHHOM CUCTeMbI. JTa HE3aBUCUMOCTD OT ILIaT-
(hopMbl yeTpaHmia Heo6X0IMMOCTb B pa3paboTKe,
OpPMEHTMPOBAHHOV Ha IIaTGOPMy, UTO CHEIAI0
Java yHuUBepcaJbHBIM BBIOOPOM IJIsI KPOCCILIAT-
(bopMeHHBIX TPUTOKEHMIA.

Java 6511 pa3zpaboTaH C yIIOpoOM Ha HaJIeSKHOCTb
1 6e3omacHoCcTb. OH BK/IIOYAJ YIIpaBIeHMe mamsi-
Th10, 00PabOTKY UCK/TIOUEHUIT U CUJIBHYIO CUCTEMY
TUIIOB, UTO CHVSKAJIO BEePOSITHOCTDb CO0OEB U YSI3BU-
MOCTel. DT KaueCTBa CHOejaJu ero MpuBJieKa-
TeJIbHBIM BIOOPOM JIJIST KPUTUUECKU BAKHBIX TIPU-
JIO3KeHM B GMHAHCOBOM, 3J]paBOOXPaHUTETbHOM
U TOCYJapCTBEHHOM CeKTOpax. BciemcTBue 3TOro
Java 6picTpO TpMobGpeNa ImpegaHHOe COOOIIEeCTBO
paspaboTumkoB. Hanuume GpopymoB, 6MOGIMOTEK U
OHJIATH-PECYpCOB  CIIOCOOCTBOBAIO  CO3[aHUIO
TIOAIePKMBAIOIEil 3KOCUCTEMBI, 0O6Jervaloriei

ob6yueHye U pelieHye mpodeM. ITO CUITbHOE CO-
006I11eCTBO IIPOJOJIKAET OCTABATHCS BASKHBIM aKTH-
BOM 11 pa3paboTumKoB Java.

bonee Toro, Java cranm IpenrnouyTUTE/bHBIM
SI3BIKOM [IJISI CO3AAHMSI KPYITHOMACIITAOHBIX KO-
MOPAaTUBHBIX TIPUJIOKEHNI, Be6-CEePBUCOB U KOM-
MMOHEHTOB IIPOMEKYTOYHOTO IMTPOrPaMMHOTO 06ec-
neveHusi. Ero crmocobHOCTh obecreunBaTh Mac-
MTabUPyeMOCTh, HAAEKHOCTDb U BBICOKYIO ITPOU3-
BOOUTEIbHOCTh CHejlajlia €ero MaeaJlbHbIM BbIOO-
POM [JIsI IPEeOTIPUSTHI TIO BCEMY MUPY, a OOIIMpP-
Has sKocucTemMa 6ubanoTek u GppeiiMBOPKOB Java
yropoiaetr o6Iiye 3a[auy MpPOorpaMMMUPOBAHMS.
Pa3paboTumKy MOTYT MOJIYUYUTH JOCTYII K MHCTPY-
MEHTaM JIJII BCETO: OT IMTOAK/II0UYEeHNs K 6a3aM JTaH-
HBIX 10 IPOEKTYPOBAaHMS M10JIb30BaTEIbCKOrO UH-
Tepdeiica. DTOT 6OraThiii peHO3UTOPHIT PeCypCcoB
ycKopsieT pa3paboTKy M COKpallaeT BpeMsI BbIX0a
Ha PbIHOK.

HecmoTpss Ha KpUTHKY Java Ha OPOTSKEHUU
MHOTI'MX JIeT, OH OCTaeTCsl OGHUM U3 CaMbIX IIOITY-
JISPHBIX M MIMPOKO MCIIOIb3YEMBIX SI3BIKOB IIPO-
rpammupoBanus u B 2024 ropy. HeusmeHnHas axk-
TYyaJIbHOCTD Java oueBMIHA B Pa3/JMYHBIX CTATU-
CTMUECKMX TOKa3aTessX M OTpacjieBbIX OMpOCax,
MTOCTOSIHHO MOAYepPKUBAIOMIVX €rO U3BECTHOCTD U
cripoc. Hanpumep, cornacHo mHpekcy TIOBE 3a
2023 rop, Java IO-TIpeskHEMY BXOLOUT B IISITEPKY
JIYJIIUX $SI3BIKOB IPOTPaMMMPOBaHUS  Cpeau
Python, C u C++.

AHANOTrMYHO, PEITUHT SI3bIKOB IPOrpaMMUpPO-
BaHMst RedMonk 3a repsbiit kBapTan 2023 ropa mo-
CTaBUJ Java Ha TpeTbe MeCTO IO MOMYJISIPHOCTU
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rocie JavaScript u Python Ha ocHOBe maHHBIX
GitHub u StackOverflow.

Yrobbl ompeneanTb, OTCTAaeT JMU Java, Ham
HY’KHO TPOaHaIM3MPOBaTh, UTO MpeaaraioT Co-
BpeMeHHbIe SI3bIKM MPOTpaMMMpOBaHus. Bot He-
CKOJIBKO KJIIOUEBBIX aCIIEKTOB, KOTOpbIE CIedyeT
YUUTHIBATD:

1. CwunbHas cuctema Tunos. CuicTemMa TUIIOB
Java HamekHa, HO B Heil OTCYTCTBYIOT HEKOTOPbIE
MIPOABMHYThIe (QYHKIMM, TaKue KaK TUIIbI Oojee
BBICOKOT'O YPOBHSI, KOTOPBIE €CTb B TAKMX SI3bIKAX,
Kak Rust.

2. VhopasieHue IaMSITbIO. SI3bIKM HOJDKHBI
npexnarath 3QpGeKTUBHOE yIIpaBjeHe MaMsThIo,
16O TTOCPEICTBOM aBTOMATUYECKO COOPKU MY-
copa, 6o coOBpeMeHHbIX (PYHKIMIT 6€30MaCHOCTH
MaMsITH, YTOOBI IIPEeIOTBPalaTh PACIIPOCTPAHEH-
Hble OIIMOKM, CBSI3aHHbIE C ITAMSITbHIO.

3. AGcTpakius. CoBpeMeHHbIEe SI3BIKU
IOJKHBI TTO3BOJISITh pa3paboTumMKkaM paboTaTh Ha
PasHbIX YPOBHSX abCTpPaKLyM, OT HU3KOYPOBHE-
BOTO YIIpaBJIeHUSI MaMSTbhI0 A0 BBICOKOYPOBHE-
BbIX, CITEIMGUYHBIX AJISI JOMeHa KOHIIEIIINiA, UTO
TI03BOJISIET CO3aBaTh 3P(EKTUBHbBIN U TAKOHUY-
HbBI KOJI.

4. Tloppepskka napaanennsma. C yyeTom mo-
ITYJISIPHOCTY MHOTOSITEPHBIX ITPOIECCOPOB SI3BIKU
IOJDKHBI TIpeaJiaraTb QYHKOWM IJIST YIIpaBIeHUS
rapauieJIn3MoM, TaKue Kak IMOTOKM, async/await
" TapajuiesibHasi 06paboTKa, YTo6hI IOMOYb pa3-
paborunkam nucaTh 3OGeKTUBHBI U MacIITabu-
pyeMblit Koz,

5. HelitpanbHoCcTh K IuiaTdopme. dumoco-
dbus Java «HammMcaTh OOMH pas, 3aIllyCTUTh Te
YTOIHO» OCTAeTCS 3HAUUTENbHBIM IIPEeUMYIIe-
CTBOM, 0COGEHHO B KOPIIOPATUBHBIX YCIIOBUSIX.

6. UWHcTpymeHTapuii. UHCTpyMeHTapuii Java
SIBJISIETCS. MCKITIOUUTENbHBIM, C CUIBHBIM aKIIeH-
TOM Ha COOJIIOIeHe COrIallleHMii ¥ 6e30I1acHOCTh
TUIIOB. DTU MHCTPYMEHTBI 06JIETUaloT COo3maHue,
TeCTUpOBaHME ¥ OOCTYKMBAHME HPUIOKEHMI
Java.

7. @yHRuuM g3bika. CoOBpeMeHHbIe BepCUm
Java mpenmcTaBuiy Takue GYHKIMY SI3bIKA, KAk 3a-
MIMCK U COTIOCTaBJIEHME C MabJI0HAMM, UTO COKpa-
1[aeT 1ab/IOHHBI KO,

3aBUAHOE TIOCTOSTHCTBO IIOITYJIIPHOCTM Java
OOBSICHSIETCSI HECKOJIBKUMMU KITIOUEBBIMU (DAKTO-
pamu:

1. KpoccmiatdopmeHHass COBMECTUMOCTD —
He3aBUCUMOCTb Java OT I1aTdhopMbl OCTaeTCs
ybemuTeNnbHOI 0CO6€HHOCThIO. BBl MOkeTe Harmm-
caTh KOJ, OIVH pa3 ¥ pa3sBepHYTh €ro Ha pas3jind-
HbIX OITepallIOHHBIX CUCTeMaX 6e3 M3MeHEeHWUIA.

DTO Jydmmii BeIGOP IJIs1 MPOTPaMMHOrO obecrie-
yeHMs, pabOTAIONIEro Ha pas3JIMYHBIX ILIaTdOp-
MaX, BKJIIOUAsl HACTOJbHbIE KOMITBIOTEDBI, Cep-
BepbI U MOGWIIbHBIE yeTpoiicTBa Android.

2. KopnopaTtuBHOe AOMMHMpOBaHMe — Java
3aKpenmwiach B KOPIOpPaTMBHOM Mupe. MHorue
OpraHM3aIMy TOJIaralTCs Ha Java ISl CO3maHms
KPUTUYECKM BAKHBIX JIJIsT GM3HEca MPUIOKEHMIt,
Be6-CepBUCOB ¥ BHyTpeHHUX cucteM. OH M3Be-
CTEH CBOeil MacmTabupyeMOCTbIO, CTaGUIbHO-
CTBIO U CITIOCOOHOCTBIO CITPABJISATHCS C BHICOKMMU
HarpysKamu.

3. Paspa6oTtka mpwioxkenuit Android. Java
MIPOJOJIKAaeT OCTaBaTbCs IOMY/ISIPHONM anbTepHa-
TUBOI [T paspaboTKu mpwioxkeHuit Android.
Bsaumopneiicteue Java ¢ Kotlin ymporaer paspa-
60TuMKaM pa3paboTKy B CyIIECTBYIOIIEI KOJOBO
6ase Java, Mcmob3ys HoBble dyHKIIMK Kotlin.

4. YHuBepcajbHble BapMaHThl MCIIOJIb30Ba-
HMS — Java YHUBepcajieH, oaaepkKuBaeT pasjimy-
HbIe TTapagurMbl IporpaMmMupoBanms. OH IOAX0-
AT IS BCEro: OT Be6-pa3paboTKM A0 HAYKM O
MaHHBIX, HAYYHbBIX BBIUMCIEHUII ¥ KOPIIOPATUB-
HBIX TIPUTOKEHUIA.

5. Be3somacHocTb — Hacaedue Java Takxke 1e-
peIvIeTeHO C ero HEeroKoIe61MO¥ MPUBEPIKeHHO-
CTbI0 6€30IaCHOCTY CO BCTPOEHHBIMM MeXaHM3-
Mamu AJist 06paboTky mudpoBaHms, ayTeHTUdu-
Kaly ¥ KOHTPOJIS AOCTYyTA. DTO JAeIaeT ero MoIry-
JISPHBIM BbIGOPOM, €C/i Bbl pa3pabaThiBaeTe Ipu-
JIOKeHMsI, TpebyloIiye BBICOKOV 6e30ImacHOCTH,
Takue Kak (puMHaHCOBbIE CUCTEMbI U IUIAT(HOPMBI
3IpaBOOXpaHEHNS.

0Oco60 CTOUT OTMETUTDb CUJIBHOE COOBIIECTBO U
IOCTYII K OTKPbITOMY MCXOZHOMY KOOy — Java BbI-
UI'PBIBAET OT HAJEXKHOTO M aKTMBHOTO COOOIIe-
CTBa, KOTOPOEe MOCTOSTHHO BHOCUT BKJIaJ, B Pa3BU-
THe sa3biKa. [Ipupoja Java ¢ OTKPBITHIM UCXOAHBIM
KOJIOM TapaHTUPYET, YTO OH OCTAETCS JOCTYITHBIM
U aganTUPYEMBbIM.

C TIIOMOIIBIO CepuM YCOBEPUIEHCTBOBAHMIK
sI3bIKA ¥ ITPOEKTOB MOZAEPHMU3ALIMY HOBbIE BEPCUU
Java B coueTaHMM C TaKMMM MHUIIMATUBAMU, KaK
Project Valhalla, B 3HaunTeIbHO CTEIIeHNM yCTpa-
HWIM MHOTVE TIPOGJIEMBI.

BHepgpeHue Takux QyHKIMIT, KaK CTPYKTYPUPO-
BAHHBIN MapaylIeNN3M, KIIOUeBble MeXaHU3MBbI
VHKAICYJISIVY U 3aIIpeT AMHAMUYECKO 3arpy3Ku
areHTOB, OTpa’kaeT IPUBEPKEHHOCTh Java 0Oe3-
OIAaCHOCTY, IPOM3BOIUTEILHOCTH U 1[€JIOCTHOCTH
Koga. Kpome Toro, yayuiieHus B Mapasieinsme,
MacCIITabMpyeMOCTU Y TPOU3BOIUTENBHOCTH Clie-
Jlajau Java KOHKYPEHTOCIIOCOOHBIM BbIOOPOM JJISI
IIMPOKOTO CIIEKTPA MPUIOKEHUIA.
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bnarogapsi aTumM AOCTUOKEHUSIM Java pasBU-
J1ach, YTOOBI MPEJIOKUTh YOeAUTETbHOE COUYEeTa-
HMe MTPOM3BOAUTETbHOCTH, IPOAYKTUBHOCTY Pa3-
paboTUMKOB M aganTuBHOCTU. OHA JOKa3aja CBOIO
CUJTY KaK SI3bIK, Ha KOTOPbIi KOMITAHUM MOTYT yBe-
PEHHO IOJIOKUTHCS B OYIYIIMX IIPOEKTaX, He3aBU-
CMMO OT Pa3HOOOGPa3HbBIX U TPeGOBATENIbHBIX IO-
TpebHOCTeil COBpeMeHHOlt pa3paboTKuM Mpo-
IrPaMMHOI0 o6ecreueHmsI.

HTak, Java mosiBUJIach C HOBBIMM 3aXBaThIBAIO-
MM GYHKIMSIMM, KOTOpbIe BbI3BAIM 06CYyKIe-
HUSI Cpeay pa3spabOTUMKOB Ha PasHbIX IUIaTdop-
Max pa3paboTky, Takux Kak Reddit. Xots Java 21
rpejjaraeT HOBble (PYHKIIMM, HEKOTOpbIE pa3pa-
OOTUMKY MO-TIPEKHEMY LIEHST CUIbHbIE CTOPOHBI
Java 8 u TakMe QYHKIMM, KaK JSIMO1a-BbIpasKeHMS.

BoT 0630p HEKOTOPBIX MHTEPECHBIX QYHKIINIA,
KOTOpPBIE BBl MOKETE HaliTU B HOBOM BbImycKe JDK
21:

Structured Concurrency API

dra dyukuus Java 21 mpencrasisieT co6oii pac-
IIMPEHHBIN MMOIX0M K 00paboTKe IMapaylyieJIbHOTO
nporpaMmmupoBanusi. OHa pemiaetr MpobeMy
yIpaBJeHMs CBSI3aHHBIMM 3aJauyaMy, BBITTOTHSIE-
MBIMM B pasHbIX ITOTOKAaX, pacCMaTpuBasl UX Kak
eOVHYI0 eIUHUIY paboThl. CTPYKTYpUPOBaHHBIN
napajjieNiusM yrpomaer o06paboTKy OIIMOOK,
YJIy4IIaeT OTMEHY, ITOBbIIIAeT HAOII0AAeMOCTb U
TIOBBIIIAET HAIEXKHOCTD KOMa. DTa QYHKIIMS COOT-
BETCTBYET LIeJIM YCTPaHEeHUs! PaciipoCTpaHEeHHbIX
OIMOOK, CBSI3aHHBIX C MapasiIeIbHbIM MPOTrpaM-
MMPOBaHMEM, TaKUX KaK YTEUKM ITOTOKOB U ITIPO-
6s1eMbl OTMeHbI. OHA TaKKe YIIPoIaeT uaeHTU(U-
KaIMIo CBSI3eil MEeXIY 3alauaMy U Mo13aJauaMu,
objieruast yrpaBjieHMe CJIOXKHBIMM Tapasijieib-
HBIMM OIlepalysIMM.

CTpYyKTYpMPOBAHHBIN Mapauie3M rapaHTU-
PYET, UTO 9TU ITOTOKM MPaBWIbHO M HAAEXKHO CKO-
OPIVHUPOBAHbI, COXPAHSSI €CTECTBEHHYIO Mepap-
XUIO 3a7a4. DTa Mepapxusl O3BOJISIET MHCTPYMEH-
TaM HaOMIOIeHNUs] TPeNCTaBIsITh IOTOKM TaKUM
06pa3oM, KOTOPbBII COOTBETCTBYET IOHMMAHUIO
pa3paboTumka ux Kopa. Pe3ynbraTom SIBIISETCS
yIIy4IieHHas: HabII01aeMOCTh, UTO YIIPOIIAET OT-
CJIeKMBAHME TTOTOKA BBITIOTHEHUS] M BBISIBIEHUE
Mpo6JIeM B CEPBEPHBIX MPUIOKEHUSIX.

CTpYKTYpMpPOBaHHBII IapajjieansM U He-
npepbiBHasA oopatHas cBs3b (CF) yiayumaior
HaO0/II0IaeMOCTh NMapa/UIeIbHOTO KoJa

[MapasnnenbHOe MPOrpaMMMPOBAHNE IMEET pe-
MyTaIMI0 BBI3bIBAIONIETO TOJIOBHYI0 6OJIb M3-3a
CBOMX CJIOKHOCTeIT 1 mpobiemM. OiHaKO BBeIeHNe
HOBOJ (GYHKUMM CTPYKTYPMPOBAHHOTO Tapasuie-
m3ma B JDK 21 obecrieyMBaer

CTPYKTYPUPOBAHHYIO M OPTaHM30BAHHYIO OCHOBY
IJIST yOpaBjeHMs Iapa/uleJIbHbIM KOAOM. DTOT
CTPYKTYPHBIII TTOAXO, BHOCUT SICHOCTD B Xaoc, 00-
Jlervasi TIOHMMaHMe, yIIpaBjieHue M OTIaIKy Ta-
paJIIeTbHBIX CUCTEM.

Digma, matdopMa HempepbIBHOV 06paTHOI
CBSI3M, JOTOJHUTEIbHO YCUJIMBAET IIPOIECC
HaOII0IeHNsT, TapaHTUPYs BaM JOCTYH K KiTIoue-
BBIM MIesSM Ha IPOTSDKeHUM BCEro LUK/a paspa-
6otrku. C CF B KauecTBe Balllero KOMITaHbOHA I10
HaO6JII0/TIEHNIO BBl MOSKETE 3apaHee BbISIBJISATH U pe-
mIaTh MPOOJIEMBbI, a He IIPOCTO pearupoBaTh Ha
HuxX. Takoe coueTaHue CTPYKTYPUPOBAHHOTO IIa-
pajuienM3Ma ¥ HeNpepbIBHOM OOpaTHOI CBA3MU
MO3BOJISIET pa3paboTUMKaM IIOJydaThb TIYOOKMeE
3HAHMSI O TapajuleJbHBIX cucTeMax. Digma wuc-
nonb3yeT OpenTelemetry 3a Kynmucamu st c6opa
IaHHBIX (TPEiCoB, KYPHAJIOB M METPUK) O BalleM
KoJle, KOTJla BbI 3aITyCKaeTe ero JOKaJbHO. BbI
TaKke MOJKeTe JIETKO IIepechliaTh TECTOBBIE U
MPOM3BONICTBEHHbIE OaHHbIe B Digma. Ilocie
cbopa maHHBIX Digma aHaIM3UPYyeT UxX, YTOOBI 06-
HapyXKUTb 3HAUMMBbIe uaen o Koge. OH UIIET pe-
Tpeccuu, aHOMajuM, 3amaxy Koma WU Ipyrue
1a6JIOHBI, KOTOPBIE MOTYT OBITh ITOJIE3HBI JIJISI I10-
HMMaHMSI KO M MCIOJb30BaHMS B paspaboTke.
DbdekTMBHO COKpallasi IMKI OOGPaTHON CBSA3U
DI pa3spaboTUMKOB.

OTHOILIEHNUSI POAUTEb-TIOTOMOK

B cTpyKTypupOBaHHOM Tapaiien3Me 3amaun
OpraHM30BaHbl MepapxXuUvecKk, COo34aBasi YeTKue
OTHOIIEHUSI POAUTEIb-IIOTOMOK. JTa MepapxXust
OTPaskaeT CMHTAKCMYECKYIO CTPYKTYpy Kopa, me-
Jlasi OUeBMIHBIM, KaKue 3a7Jauy OTBEYaloT 3a I0-
pOXXIeHMe MoA3aaay. ITa POIUTETbCKO-T0UEPHSIS
CBSI3b SIBJISIETCSI KJIIOUOM K CO3[aHMI0O HabIogae-
MBIX PUIOXKEHUIA.

H3onsauys ommboK

Korma mpo6ieMa BO3HMKAeT B CTPYKTYPUPO-
BaHHOJ MapaljieIbHOM MporpaMme, ee MCTOYHUK
Jlerye ompenennuTb. Ponurenbckas 3amaya MOKET
coobmiath 0 mpobjaeMax CBOMM MoA3agadyaM, 06-
Jlervast U30JIAIUIo OMMO0K. DTa QYHKINUS MMeEEeT
pelampliiee 3HaUeHMe JJIsT OTJAaKU U YCTPaHEeHUSI
HEMoJIafoK. ITO MOXET CIKOHOMUTH BaM BpeMs,
MTOTPaYeHHOe Ha MOMBITKY OTC/IEAUTH OMIMOKY.

JKusHeHHbIe IIMKIIbI ¥ 00/1aCTU AEeICTBUS

CTpyKTYpMPOBAHHBIN Napajienn3M OeauT 3a-
Iauy Ha 06J1acTy HeViCTBUSI C UETKO OIpenesieH-
HBIMM SKM3HEHHBIMM LUKIaMMU. CUHTaKCUUYecKast
CTPYKTypa KOfa OIpemeseT KM3HEeHHbIe IMKIIbI
M0/13a/1a4, YTO COOTBETCTBYET BBITIOJIHEHUIO TIa-
paienbHbIX Onepanuii. To MO3BOJISIET BaM JIETKO
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HabMOIaTh CBSI3M MEXAY 3amadamu, IoAa3aja-
yaMy ¥ 061Ieli CTPYKTYPOi1 IPOrpaMMBbl.

CTpYKTYypMpOBaHHbIE JaMIIbI IOTOKOB

CTpyKTYpMPOBAHHbBINi Mapayleiu3M  4acTo
BK/IIOUAeT MeXaHM3MbI [IJIsl TeHepaluu CTPYKTY-
PUPOBAHHBIX JAMIIOB ITOTOKOB, UTO YIIPOIIAET I10-
HMMaHMe Mepapxuy 3afad. ITU JaMITbl TOTOKOB
OTOGPAKAIOT OTHOIIEHUS] MEKAY POIAUTETbCKUMM
¥ TOYEepPHMMM 3aJavyaMy, [IOMOrasi BaM aHaJIU3U-
pPOBaTh ¥ YCTPAHSTh HEIMOJIaJKM MapaieTbHbIX
MIPOTPaMM.

BupryanbHbie IIOTOKU

BupTtyasibHbIe TTOTOKM, KOTOpbIE M3HAYAIBHO
ObLTM TIpeACTaBJ€Hbl KaK IIpeaBapuUTebHas
dyukims B JDK 19 1 JDK 20, Tereps oduiiMaaibHO
nosiBuauch B JDK 21. Kaxpaplii sk3emMIuisap
java.lang.Thread TpaguLIMOHHO aCCOLMMPOBAJICS C
IOTOKOM IIJIaT(hOPMBbI, MPUBSI3bIBas ero K 6aso-
BoMy OTOKY OC Ha MPOTSIKEHUY BCETO ero JKMU3-
HEHHOT'O IIMKJIA.

OIHAaKo BUPTya/ibHbIe TIOTOKM IIPUBHOCSIT
CABUT TIapagurMbl. Bce ellle CyIIeCTBYIOT 9K3eM-
sipel java.lang. Thread, HO oHM paboTaOT TAKUM
06pas3oMm, UTO OHM 3aITyCKalOT KOJ, Java B 6a30BOM
notoke OC, He MOHOIOJU3UPYS €ro. ITO YCOBep-
IIIEHCTBOBaHME Java IT03BOJISIET pa3paboTdymKaM
MCIIOJIb30BaTh MPEMMYIIECTBA BUPTYaATbHbBIX IO-
TOKOB, Aeasl mapaieJlbHOe MPOrpaMMyUpOBaHMe
60s1ee 3(pHeKTUBHBIM U aJANITUBHBIM.

BupTtyasiibHble TOTOKM SIBJISIIOTCS yOeIUTesb-
HbIM fonosiHeHueM K JDK 21. OHu MoryT okasaTh
CYIIeCTBEHHOE TOJIOKUTEIbHOE BIMSHIME Ha IPO-
M3BOIOUTENLHOCTD TIPUIOKEHMSI, 0COOEHHO B Clle-
Hapusx, IJe ecTb 60JbINO0I 00beM MapaliebHbIX
3a7ja4, YacTO IPEeBBIMIAIONINII HECKOIbKO ThICSY.
OTU BUPTYaIbHbIE TTOTOKM GECIIOBHO MHTETPUPY-
IOTCSI C YCTAHOBJIEHHBIMY MHCTPYMEHTaMM, paspa-
60TaHHBIMM JIJIT MOHUTOPMHTA, aHAIN3a, AMATHO-
CTUKU U yIyJdllleHUs TIPUIOKeHU Java.

Hampumep, Java Flight Recorder (JFR) 6ec-
IIIOBHO B3aMMOZEICTBYET C BUPTYyaIbHBIMU ITOTO-
KaMM, TIO3BOJISISI TeHepUpPOBaTh COOBITUSI, KOTIa
BUPTYaQIbHBI TIOTOK HAUMHAET WM 3aBepIIaeT
CBOE BBITIOJIHEHME, OIpedeNseT CIydanu, KOTrha
BUPTYa/IbHBIN ITOTOK He 3amyckKaeTcs, ¥ O6Hapy-
SKMBAEeT CUTYalluy, KOTHA BUPTYaJIbHBIN ITOTOK
GJIOKMPYETCS BO BpeMs (pMKCaLMN.

ComocTrasienue ¢ oopasmnom ajs switch

OcHOBHasI 1eJIb 3TOV MYHKIUY — PaCHIMPUTh
BO3MOXKHOCTM ¥ YHUBEPCATbHOCTb BbIPAKEHUI U
orepaTopoB switch. OHa Takke 3aK/IIOYaeTCs B
TOM, YTOOBI TIO3BOJIUTh IIA0JIOHAM UTpaThb Gojiee
3aMeTHYIO POJib B MeTKax case, obecreunBas He-
MHOTO OO/bIIyI0 TUOKOCTH Tpu 06paboTKe

3HaueHuit null 1 genas omepaTops! switch 6osee
6e30IacHBIMM, TPEOYS MTOTHOTO OXBATa BCEX BO3-
MOSKHBIX BXOIHBIX 3HAUEHMI1 C TIOMOIIBIO Orepa-
TopoB switch mabioHa. U He BOJIHYIITECD, €C/IN BbI
YK€ MCITOJIb3yeTe BBIPAXKEHMS] U OIMEpaToOpbI
switch; 1esb — rapaHTMPOBATD, UTO OHU ITPOIOJI-
’KaT paboTaTh Tak ke, Kak U ceituac, 6e3 Heobx0-
IVMOCTY BHECEHMS KaKUX-TMO0 M3MEeHEeHUIA.

public static double getPerimeter(Shape shape)
throws IllegalArgumentException {

return switch (shape) {

case Rectangle r -> 2 * r.length() + 2 * r.width();

case Circle ¢ -> 2 * c.radius() * Math.PI;

default -> throw new IllegalArgumentExcep-
tion("Unrecognized shape");

}
}

IIpumep KkojAa BbIllle BBIUKCSIET TMEPUMETP
TOJIBKO 7151 9K3eMIUISIpoB Rectangle mnu Circle.

IIaG/1I0HBI CTPOK

[[Ta6;0HBI CTPOK TMOSIBWJIKCH B Java, HaKOHeIl-
TO 06ecIieunB MOAAEPSKKY MHTEPIIONSIUNA CTPOK,
Yyero Tak J0JITO KAy pa3paboTumku. [1o cux mop
eIVHCTBEHHbIM BbIXOJOM ObLJIO 0ObeIMHEHNE He-
CKOJIBKMX CTPOK WM paborta co string.format, u,
MpM3HaeM, 3TO pasgpaxkano. HoBas ke GyHKIMsI
I03BOJISIET pa3paboTuMKkaM 6paTh CTPOKOBBIE JIV-
TepasIbl ¥ TEKCTOBbIE GJIOKM Java ¥ HAIOJHSITh UX
mrabj10HaMM CTPOK. AT MIabI0HBI TBOPSIT Uyzeca,
MO3BOJISIT BaM JIETKO CMENIMBAaTh OYKBaJIbHBIN
TEKCT CO BCTPOEHHBIMMU BbIPXKEHMUSIMU U TIPOLIEC-
copamu. KoHeuHas 11e/b 3[leCh IPOCTa, HO BakHa:
cIenaTh HaIMCAHMeE ITPOrpamMM Java OoJjiee IIaB-
HbIM, ITOBBICUTD SICHOCTb BBIpasKeHMIi, 00'beIMHSI-
IOIIYX TEeKCT CO 3HAYEeHMSIMM, U ITOBBICUTH 0e3-
OTIACHOCTh MPOTrpaMM Java, KOTOpble COOMPAIOT
CTPOKM 13 MOIb30BaTeIbCKOTO BBOA.

String name = "[saac";

String info = STR."My name is \{name}";

assert info.equals("My name is Isaac"); // true

OTO IUIIb HEKOTOPbIE U3 3aXBAThIBAIOUINX J10-
TMOJIHEHMI B ITOC/IeAHEN Bepcuu Java, MoKa3bIBaro-
e, YTO SKOCUCTEMa Java [BMKeTCS BIiepes,
OXBaTbIBa€T HOBbIe QDYHKIIMM U OCTAETCSI KOHKY-
PEHTOCIIOCOOHO B MUpE SI3bIKOB ITPOTPaMMUPO-
BaHMSL.

3axkiaoueHue

AfanTuBHOCTL Java, CUIbHOE COOOILEeCTBO U
TOCTOSTHHAS 3BOJIIOIMS TIpeAIioiaraioT, YTO OHA,
CKOpee BCero, OCTaHeTCs IMOIMYJISIPHONM U aKTyasb-
HOJ1 eltie goJirue roasl. Ee yHuBepcaabHOCTD U LIN-
POKOE MCITO/Ib30BaHMe B PA3IMYHbIX 00/1aCTSIX, Ta-
KX KakK Be6-pa3paboTka, MOOMIbHbIE IPUIIOKE-
HUSI ¥ KOPIIOPATUBHbBIE CUCTEMBI, CIIOCOOCTBYIOT
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ee YCTOMYMBOCTM B MOCTOSIHHO Pa3sBUBAIOIIENCS
06sacTH pa3paboOTKM IIPOrpaMMHOIO obecrieve-
130788

V Java mpeacKasyeMblil IIMKIT BBITyCKa, C Pery-
JIIPHO [00aB/ISIEMbIMM HOBBIMM (QYHKUUIMU U
yinyaimeHussMu. Takue mpoekTtsl, Kak Valhalla,
Panama 1 Loom, HanmpaB/ieHbl Ha TPOU3BOAUTE/Ib-
HOCTb, 3(PEKTUBHOCTD MaMSITU U MapalIeIN3M,
menast Java 6osiee KOHKYPEHTOCIIOCOOHOI M CITO-
COOHOIT yIOBIETBOPSITh MOTPEGHOCTH COBPEMEH-
HO¥1 pa3paboTKy MPOrPaMMHOTIO 06eCcIieueHusl.

Bnaromapsi cBoeii OGIIMPHON 3KOCUCTEME U
MPaBWIbHBIM HOY-Xay Java IOo-TIpeXXHeMY OCTa-
€TCSI CUJION, C KOTOPOIi MPUXOIUTCS CUUTATHCS B
COBpeMeHHOM JaHAamadTe pa3paboTKuM TIPo-
IrpaMMHOTrO0 obecrieueHus. Takye TeXHOJOTUM, KaK
Spring Boot u JavaEE, pa3BuBaioTcs IJisl TOZ-
Iep>KKM MMKPOCEPBMCOB, KOHTefHepu3almum u
pa3BepThIBaHUS B 0OJIaKe.

Java — 3TO HaeKHBII ¥ YHUBEPCAIbHBIN A3bIK,
TTOAXOOSIIINIA IJISI KOPIIOPAaTUBHBIX IPUIOKEHU U
paspaboTtku Android, rosararommiicss Ha aBTOMa-
TUYECKOe YIIpaBjleHVe IMamMsaThio. Rust Bbimens-
€TCsI CBOeii 6e30MacHOCTBIO TaMSITH Y ITPOU3BOIM-
TeJIbHOCTBIO, TIpefjaras [OeTalbHbIii KOHTPOJIb
Hag naMmsaThio. TypeScript, cienuanabHO pa3pabo-
TaHHBI [T  BeO-pa3paboTKu, obecreunBaeT

CTPOTYIO TUIIM3ALMIO U YIyUIIeHHbI MHCTPYMEH-
Tapuit. BeIGOp cpen STUX SI3bIKOB 3aBUCUT OT Tpe-
OOBaHM MPOEKTa, IMOTPEOHOCTEl B MIPOM3BOLIN-
TeJIbHOCTY ¥ Balllero 3HaKOMCTBA C SI3bIKOM.
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MODERN JAVA PROGRAMMING

Abstract. For over a decade, Java has been a mainstream programming language, but in recent years it has
come under scrutiny and controversy for all the wrong reasons. Some people argue that it is outdated, outdated,
and that newer languages are eclipsing it in every way. However, Java still keeps up with modern programming

languages.

This article looks at the modern features of the Java language, its thriving ecosystem, and its unwavering pres-
ence in the enterprise and open source communities, why Java is still one of the most popular programming lan-
guages, and the modernity of Java — what new features are in Java 21 to keep up with the demands of modern

software development.

Keywords: Java, structured concurrency, virtual threads, string templates.
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CTAPUKOB Cepreiit Bukroposuu
CUCTEMHBI apXUTEKTOP,
Benopycckuit rocysapcTBeHHbI YHUBEPCUTET MHPOPMATUKM U PAgMO3IeKTPOHUKN,
Pecniy6mka benapych, T. MMHCK

CPABHEHUE OBJIAYHBIX ITPOBAVJIEPOB AWS VS AZURE
VS GOOGLE CLOUD

Annomauus. Kaxoblii npoeccuoran noomsepoum, umo Kauecmeo 8bN0JHAEMOU pabomost HANPAMYIO 3a8U-
cum om Kavecmea UHCmpymeHmos. B cnyuae ¢ obnaunsimu akcnepmamu cumyayus avanozuuuas. Ipu evibope
npodykmos Amazon, Azure unu Google Cloud, 8bl Moyceme cpasHumy ux no onpedeseHHbIM CXOHUM KpUmepusim
u 8bl6pams uHCMpymeHm, nooxodawjuii 01s eawiezo 6usHeca. B nocmosiHHo pazeusaroujemcst mupe 00J1a4HbLX Bbl-
yucneHull He 8ce 001aKa umerom 00UHAKOBble NpeuMywecmad.

B cmamee 6cecmopoHHte 0ydym paccmompeHst pasnuuust U cxoocmed, 8 MoM uucie nymem cpasHeHus, 061au-
HbIX nposatidepos, umobsl NOKA3AMb pasiuuHsle npeumyuiecmea npodykmos Microsoft Azure, AWS u Google

Cloud.

Knroueenie cnosa: GCP, AWS u Azure, ycnyeu, unmezpauus, oonauHsie eviuucnerus, Google Cloud.

VIIECTBYET TPU PasIMUHBIX ITOKOJEeHMST 06J1a-

KOB: BUPTYyaJIbHbIE LIEHTPHI 06pabOTKM AaH-
HbIX, TOKOJIeHMe “MHGPACTPYKTypa Kak yciayra”
(TaaS) u mepenoBoe 06/1aKO TPETHETO MOKOJIEHMS.
CocpeoTOYMB BHMMAaHMeE Ha IMOCAeTHEM, MbI MC-
cleyeM COBpeMEHHOe 3HaueHue U Ipeumylie-
CTBa TPETHETO MTOKOJIEHMSI 06/1aKa, KOTOPOe TIpeI-
CTaBJIsIET COOO0JE TO, UTO MbI 3HAEM, KaK COBPEMEH-
Hoe 00J1aKo.

Benyiine o6naunble mposaitaepsl AWS, Google
Cloud u Azure mpepmjaraloT COBpeMEHHOMY OM3-
Hecy clenyolye yCIyTu:

1. Amazon Web Services (AWS) - 3T0 KOM-
IJIeKCHasl TiaTGopMa OOGIauHBIX BbIYMCIEHUIA,
npenocTtasisiemass Amazon. OHa mpezjaraeT mm-
POKMIA CIIEKTP YCAYT, BKIIOUYASI BHIUUCIUTENIBHYIO
MOIIHOCTb, pellleHus [Ajis XpaHeHUS JaHHBbIX U
6a3pl JaHHBIX, YTO JAET KOMIIAaHMUSIM BO3MOX-
HOCTb MAacCIITaOMPOBATbCS M BHEAPSITbh MHHOBA-
1y 6e3 HeOOXOAVMOCTY 3HAUUTENIbHBIX IEPBO-
HavyaJIbHBIX MHBeCcTULMI. AWS, KOTOpomMy OoBe-
PSIIOT MUWUIMOHBI, M3BECTHA CBOEI HaJle>XKHOCThIO,
I'MOKOCTBIO M OOLIMPHOI Ta06anbHO MHGpa-
CTPYKTypoii. AWS MOXeT ITOXBAacTaThCsl OOIIMp-
HbIM OpTdoM0, HacuuThIBatoIyM 60s1ee 200 06-
JIAUHBIX CEPBMCOB, OT BBIUMCIUTENBHBIX U TIEPU-
(epuitHbIX BRIUMCIIEHMIT 10 GeccepBepPHBIX pelie-
Huii. KiroueBple  mpenyioXeHUs  BKIIOYAIOT
Amazon EC2 njasa BerumciaeHmuit, Amazon S3 ajsa
3MIaCTUYHOTO0 OOBEKTHOTO XpaHWIuia, Amazon
EBS 0151 ceTeBbIX TexXHOJOTUIT M1 Amazon Lambda
IJ1s1 6eccepBepPHBIX BbIUMCIEHMIA.

AWS — UCKITIOUNTETBHBIN BBIOOD MJIST TEX, KTO
MIIET IIOCTaBIIMKA OOIIeIOCTYIIHBIX O00JIaKOB,
MPEeBOCXOIHOTO B 06/1aCTU MHQPPACTPYKTYPhl KaK
yeayru (IaaS) ¢ orutaToit mo Mepe UCIOIb30BaHUS
M pecypcaMy aBTOMAaTUYECKOrO0 MacCIITabupoBa-
Hus. Braromaps [aaS, AWS ymporaeT paboTy ¢ 06-
JIaKOM, TIpeJIOCTaBJIsISI CepBepbI, CeTeBble, BHIUNC-
JIUTENbHbIE Pecypchl U pecypchl XpaHeHUs 6e3
HeOOXOOUMOCTY TIPUOOPETEHMS UM YITPABIEHUS
MHPACTPYKTYPOH. DTO BOIUIOIIEHME TUOKOCTU U
s derTuBHOCTH 06JTaKA.

2. Microsoft Azure — 10 maTdopma 061aUHbIX
BBIUMCIEHWIA, KOTOpasi MPeaoCTaB/sIeT MUPOKUIA
CTIIEKTP YCJIYT, TTOMOTAIONMUX OpraHM3alusiM CO-
3[1aBaTh, YIIPABJISATD ¥ Pa3BePTHIBATH ITPUIIOKEHNS
110 BceMy Mupy. [lesast yriop Ha 6eCIIOBHYIO MHTe-
rpanuio ¢ skocuctemoit Microsoft, Azure npesna-
raeT HaJeXXHble BbIYMCIUTE/bHbIE, aHATUTUUE-
CKUe, CeTeBbIe U Apyrue pelieHns. ITO Hage>XXHbI
BBIOOD [JIT MPEeAIIpUSTUI, IpeIararoiuii -
OPMIHBIN OIX0M M HaTESKHYIO ITOAAE PSKKY Pa3HO-
06pa3HbIX pabounxX HaTrpy30K.

Cnenytonive QyHKINY BbIAEISIOT AZure:

o [lepexop ympomaeTcsl Ojsi MHOTUX TIpe[i-
MIPUSTUI, YK€ UCIIONb3YIOIMUX TaKyue IMPOIYKThI
Microsoft, kak Microsoft 365, SQL Server,
SharePoint 1 Power BI. MHTerpaiiusi 067aUHbIX
cepBucoB Microsoft cTaHOBUTCSI IOTUYHBIM U 3¢-
(beKTMBHBIM pacIIVpeHNeM CYIIEeCTBYIOIIEro TeX-
HOJIOTMYECKOTO CTeKa.

e  lHTerpanus JIOKQJIbHBIX ¥ OOIIEIOCTYII-
HbIX 06;/ITaUHBIX CEPBYCOB HaIlpaB/ieHa Ha pelieHue
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pacTylleil TeHIeHLUU, KOrAa KOMIIaHUM KealoT
MO JeP>KMBATh CBOY 1IeHTPhI 06pabOTKM TAHHbIX,
OIHOBPEMEHHO WCITO/NIb3ySl IIPEMMYINecTBa 00-
Jlaka. B 3TOM KOHTeKcTe Azure CTaHOBUTCS CTpa-
TErMYeckKuM COI3HMKOM, CIIOCO6CTBYS IJIABHOMY
COYeTaHUIO JIOKAIbHO MHPPACTPYKTYPHI C TMOKO-
CTHIO0 ¥ MHHOBAIMSIMM, KOTOpBIE ITpefjiaraet 06-
JIaKo.

3. Google Cloud - aTo Habop cepBUCOB 06/1aY-
HBbIX BbluMcieHuit oT Google, pegHa3HaUeHHbBIN
IJIST TIOMOIIM TIPEeNIIPUSITUSIM B MCITOIb30BaHUM
BO3MOXXHOCTEJ JAaHHBIX M MHHOBauMit. ObayHas
mnatdopma Google (GCP) ¢ ymopom Ha aHaau3
IAaHHBIX, MallIMHHOE 06yUeHye U TeEXHOJIOTUHA C OT-
KPBITBIM MCXOHBIM KOJIOM, IIpeIjiaraeT ruOKyio 1
MacIITabupyemyto MHPPacTpyKTypy. ITO IIpeIo-
YTUTEIbHBIV BbIOOP IJISI OPTaHM3ALMiA, KOTOPHIM
HY>KHbBI Tlepe[loBble pellleHus M IpoYHas OCHOBa
Ist undpoBoii TpaHchopMaInm.

Google Cloud usBecTeH CBOMMMU IepefoBbIMMI
BO3MOXKHOCTSIMM 6€30IacHOCTY, YCTaHaBIMBalO-
UMMM OTpacjaeBble CTaHAPThI [J151 HaZeXXHOI 3a-
MIVTBI TAaHHBIX ¥ CUCTEM, a TAKKe TMOPUIHBIMU U
MYJIbTUMOGIAYHBIMY PEIleHUSIMY, TIpeaJiaraiolye
OecrpeleeHTHYI0 TMOKOCTb IJISI OpraHM3aluii.
GCP Takke npenoCTaB/sieT [IEPBOK/IACCHbIE pellie-
HUST IJ1S1 XPaHWIUII, TaHHbIX, ITO3BOJISIIOIIME OpTa-
Hu3auusiM 3(PEGEeKTUBHO XPaHUTb, YIPaBISATb U
aQHATM3UPOBATh OTPOMHBIE 00bEMbBI JAHHBIX. BbI-
IeJISTIOTCSI €r0 MHHOBAIIMOHHbIe (GYHKIINY OU3HeC-
aHautuku (BI) u mammuaHOro obyuenmss (ML).
KommaHuu MOTYT MCIO/Nb30BaThb 3TU WHCTPY-
MEHTBI IJISI TIOJYYeHMs 3HAaUMMOi MHbOpMaLn
M3 CBOMX JAHHBIX, IPUHITUS 0O0CHOBAHHBIX pe-
IIeHUi U OCTaBaThCsl B aBaHTap/e TexXHOJIorunye-
CKUX MHHOBAIIUIA.

[lepexofss K KIIOUEBBIM pas3INuMUsIM MEXAY
AWS, Microsoft Azure u Google Cloud, crour
Tpexke BCero oTMeTuTb, uto Google Cloud siBis-
eTCsT IUOEPOM, TIPeqoCTaBIIsIsl HAaMOOIbIllee KOJIK-
YeCTBO 30H JIOCTYITHOCTH 10 BCEMY MUDY.

HecMOTpst Ha HEKOTOpPBIE PA3ININS MEXKTY KO-
nuaecTBoM cepBucoB AWS (6osee 200), Azure (60-
nee 200) u Google Cloud (6osee 150), MbI JOJIKHBI
IIOMHUTH, YTO HEKOTOPbIe cepBuchl GCP paboTaoT
KaK 4acTb ‘30HTA”, Hanpumep, LleHTp Murpauun
GCP. C Touku 3peHus skocucrtemsl, Azure u GCP,
HaxopsIMecs] B aBaHTapAe 3KOCUCTEMbI, TeMOH-
ctpupyoT LDAP u nipuioskeHust [Jjis1 COBMECTHOM
paboThl, HeMHOro omepeskas AWS. GCP, paciiu-
psisi TpaHuibl, MHTerpupyeT Google Maps, Ads,
YouTube u Analytics B CBOI0 OGUIMPHYIO 3KOCHU-
CcTeMy, oAYePKUBasi MHHOBALIMM U KOMILJIEKCHbIE
TpeJIoKeHUs YCITyT.

IMepexoas K rMOpuaHOMY 06/1aKy, CTOUT OTMe-
TUTh, YTO MHOTME KIMEHTHI 00JaUYHBIX TEXHOJIO-
T XOTST U36eXaTh MPUBA3KU K MOCTABIIUKY -
OTYaCTM 9TO TMOpUIHBIE U MYJIbTUOOIAUHbIE
cpenbl. C TOUKM 3peHus TMOPUIHOrO o6Jiaka, BCe
TP TOCTABIIYKA UMEIOT Ir'MOpUIHYIO YyacTh. Ho B
cryyae ycrosb3oBauust AWS u Azure Bam He06x0-
IVMO VMMETh CIelMaau3MpOBaHHOEe 000PYIOBa-
Hue. B cBoio ouepenb Google Cloud nomnHbIit cTek
MIPOTPAaMMHOTIO OOecrieueHus: MOKHO YCTaHOBUTh
Ha CYIIecTBYyIolee 060pyIoBaHNe UM B I€HTPbI
06paboTKM AAHHBIX ¥ UCTIOIb30BaTh Ty yacTb GCP,
HanmpuMep BUPTya/ibHble MaminHbl, Kubernetes u
Ipyrue, KOTOPBIMM MOXKHO OyOeT YIIpaBisATh B
Cloud Console.

Kpome Toro, Torma kak AWS u Google Cloud
MpearaloT MHTETpaluuio M B3aMMOJENCTBUE C
Pa3IMYHBIMU TEXHOJIOTUSIMU C OTKPBITBIM MCXOM-
HbIM KOIZOM B paMKax KOHKPETHBIX CEpPBUCOB,
Azure He oYeHb OTKPBIT, JaKe Peaan3oBaTh HEKO-
TOpble CTOPOHHME MHCTPYMeHThI B Microsoft
Azure cioxxHee. OgHaKo Azure TeCHO UHTETPUPY-
eTcsl C TakuMMM Tmpomykramu Microsoft, kak
Windows Server, Active Directory u Visual Studio.

Yro kacaercst mogaepskku Multi-Cloud, TonbKo
Google Cloud c nomoripio GKE Enterprise 1mosso-
JIIeT KIMEHTaM YIIPaBISITh HECKOJIbKUMM KacTe-
pamu He TosbKO B Google Cloud miu IoKaabHO, HO
" B Ipyrux obakax, Hanpumep Azure uiam AWS.

B cdepe BBIUMCIUTENBHBIX YCAYT KaKIbIiA TO-
CTaBIIVK 00JIAYHBIX YCJIYT IIpejiaraeT OOIIMPHbINA
CIeKTp mpepdjoxeHui. B To Bpemsa Kak Amazon
Lambda ctana nuoHepoM B o6jactu bGeccepBep-
HbIX Bblumciaenuit, Google Cloud c Tex mop pas-
BWICSI C 6ojiee MIMPOKUMM CIIEKTPOM BO3MOXKHO-
creii. IlpymeyarenbHO, YTO CIIOTOBbIE BUPTYaJib-
Hble MaIIMHbI (QGYHKLNS, 061IIast 71T BCeX MpoBaii-
IIepOB) IEMOHCTPUPYIOT OTINUUTEIBHOE TIPEUMY-
IIeCTBO B 3KOHOMMYECKO/ 3(G(eKTUBHOCTM Ha
GCP, 11eHa KOTOPOTO COCTABJSIET JIUIIb YaCTh CTO-
umoct AWS unm Azure.

B pamkax unrerpamnuu VMWare Google Cloud
MMeeT peIlleHye, JIETKO BCTpaMBaeMoe B ILIAT-
dbopmy. HartpotuB, AWS 1 Azure mipejjaraioT pe-
meHus VMWare yepes TOProBbie IIOIIAIKM, XOTSI
M C MeHbIIeil CTeleHbI0 MHTerpauuu. Ilogxop,
Google Cloud orpaskaeTr cTpeMiieHMEe ITpemOCTa-
BUTH TJTYOOKO B3aMIMOCBSI3aHHOE M KOMIUIEKCHOE
petiene VMWare, Bbiesioleecss Ha phIHKe 00-
JIAUHBIX CEPBUCOB.

Bce Tpu o6maunbix ruranta — GCP, AWS nu
Azure — mpeycreBalT B 067aCTy OOJBIINX AaH-
HBIX, IPOTHO3MPYEMOI aHATUTUKY U 03eP TaHHbIX
MCKYCCTBEHHOro }HTemtekta. AWS wu  Azure
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MpenJiaraloT Creuuanu3upoBaHHble CTYAUM Ma-
myHHOTO Oo6yuenusi; Ctymmsi Azure WCKITIOUK-
TEeJIbHO ymoOHa [ TOJb30BaTeNsT M Tpebyer
MeHbIlle TexXHMUeCKMX 3HaHMuii, yeM Amazon
SageMaker.

Onnaxo, xots Reshift u Synapse sBnsitoTcst oT-
JIMUHBIMM CTaHAAPTHBIMU XpaHUIUIAMU TaH-
HbIX, GCP BbIZensieTcs BCTPOEHHBIMM BO3MOXKHO-
CTSIMM MICKYCCTBEHHOTO MHTEJIEKTa ¥ MalllMHHOTO
o6yueHus, MPUBHOCS MHTEJIJIEKT BO BCe aCIeKThI,
OT MPWIOKEHUI N0 06paboTKMU JaHHbIX. OTaN4-
HBIM [IPUMEPOM MOXET CIY>KUTb KOPIIOpaTUBHOE
XpaHWIniie faHHbIX BigQuery, KOTOpoe TaksKe SIB-
JIIeTCS pellleHreM 03epa JaHHBIX CO BCTPOEHHBIM
MaIIMHHBIM 06yUeHNeM, TO3TOMY Bbl MOXKETe CO-
37aBaTh MOJEIM MallMHHOTO OOyYeHMs C ITOMO-
mpilo SQL 6e3 MCIIOAb30BaHMS IOPYTUX SI3BIKOB
MpOrpaMMMUPOBAHMS, UTO [AEeMCTBUTENbHO YIIPO-
aeT Bamry 6M3Hec-aHAMUTUKY JaHHBIX. BigQuery
— 3TO:

e TlonmHOCTBIO yIIpaBisgseMoe U GeccepBep-
HOe pellleHKe AJII MAKCUMaJIbHOW TMOKOCTU U
MacIITab¥pPyeMOCTH.

e AHaIuTMKA B peXyuMe peaJbHOTO Bpe-
MEHMU U3 MMOTOKOBBIX JAHHBIX.

e  XpaHwIuile pasMepoM OT rurabaiita Ao
retabaiita u SQL-3ampocamMmu.

e  BcTpoeHHBI MeXaHM3M MAIIMHHOTO 06Y-
YeHMs JJ1s1 TOTOBBIX MPOTHO3HBIX JAHHBIX.

e  3ammdpoBaHHOe, HAZIEXXHOE U BBICOKO]IO-
CTYITHOE.

e  BBICOKOCKOPOCTHOI MeXaHM3M Ou3Hec-
QHATUTHUKM B TTAMSITH JI7151 60J1ee 6BICTPOTO COCTAaB-
JIeHUsI OTYETOB U aHA/IN3a.

PaccmaTpuBasi anee OCHOBHbIE KPUTEPUH CJie-
IyeT OTMEeTUTb Ceylolee.

AWS: npenjaraet HaJeKHbIi HAO0p QYHKLM
6e30MaCcHOCTH, CePTUQPUKATBI COOTBETCTBUS Y MO-
Jesb 0011eit OTBETCTBEHHOCTH, M3BECTHBI CBOMM
MOIITHBIM, HO MHOTJA CJIOXKHBIM MHTepdeiicoMm.
AWS npepyaraer mHOXecTBO SDK 1 CLI st pas-
HBIX SI3BIKOB ITPOrPaMMMUPOBAHUS, MMeET OOJIb-
IIoe CoOO6IIeCTBO, OOIIMPHYIO HOKYMEHTAIMIO ¥
pasJIMJHbIe TUIaHbI Moaaepskku. ITpemuym Cysk6a
MO epsKKM TIpeJiaraeT KPyrJoCyTOUHbBIN JOCTYII
K MHKeHepaM 00/1auHOI MOaIepiKKH.

Azure: momuepKMBAeT BBICOKUIT YPOBEHb Oe3-
OTIACHOCTY ¥ COOTBETCTBME TPeOOBAHUSAM, OCO-
O6eHHO ISl TaKMX OTpaciieif, Kak 3paBoOXpaHe-
HMe ¥ (MHAHCBHI, XOPOIIO MHTErpupyeTcss ¢ MH-
cTpymeHTamu Microsoft, mpenocTasiisisi 3HaAKO-
MbIit MHTepdeiic oMb30BaTEISIM CUCTEM Ha Oase
Windows. ITopran Azure ymo6GeH IJjs1 ITOJb30Ba-
Tessl. JJoOKyMeHTaIus SIBJISIETCSI BCEOOBEMITIOINIE,

a IatdopMa MoJb3yeTcs MPeruMyIeCcTBaMM KO-
cucTeMbl mogaepskku Microsoft.

GCP: obecreunBaeT 6e30macHy0 MHPpacTpyK-
TYypy € TakumMy QGYHKOUSIMM, KaK yIIpaBjeHKe
nnentudbmxauuei u gocrynom (IAM) u mmmdbpona-
Hue. GCP - emuHCTBeHHas1 06/1auHast raTdopMma,
KOTOpasi HUKOI/Ia He IofBeprajach XaKepCKUM
aTakaM ¥ HeIaBHO Tepeskuiia KpPyIHEeHIIyo B Uc-
topuyu DDoS-aTaky 6e3 KaKux-a1b0 MmociencTBuit
IIJISI KaUeCTBa yCIYT IJISI KTMEHTOB, MUMEET ITPOCTO
M YIOOOHBIN I pa3paboTunkoB MHTepdeiic. OH
npejjaraer Be6-KOHCOIb BMECTE C MHCTPYMEH-
TaMM KOMaHTHO CTPOKMU, IIpefijiaraeT MHOXeCTBO
IJIAHOB TIOAJEPKKM, @ €ro JOKYMEeHTalusl U3-
BeCTHa CBOeJl MPOCTOTOM U OTINYHOM OpraHu30-
BaHHOCTHIO.

AWS, Azure u GCP mnpepnaraioT CTPYKTypY
OILJIaThI IO Mepe MUCIIOAb30BaHMS C 3ape3epBUPO-
BaHHBIMM SK3eMIUISIPAMM JIJIsI SKOHOMUM CPEJICTB.
Bce Tpu o6nauyHbIX IpoBaiizepa MPegoCTaB/SIOT
KJIMEHTaM KOMIUIEKCHBIII MHCTPYMEHT IO Tapu-
dbvkauyu, ynpasieHus 3aTpaTaMy U peKOMeH/1a-
LIMSIM TI0 pasmMepam.

Google Cloud ofHO3HAaYHO TPEBOCXOAUT IPY-
IMX IPOBaiiiepoB B HECKOIbKMUX 06acTaX. OH OT-
JaeT IPUOPUTET JIyUIliell B CBOEM Kiacce 6e3omac-
HOCTM, ObecIieurBaeT r’MOKOCTh C OMIMUSIMM THU-
OpuaHOro o6jaKa M OTIMYAETCS YIOOHBIMMU IJIsSt
MOJIb30BaTe IS [TOJTHOCTHIO YIIPAB/ISIEMbIMU CEPBU-
caMu, 0COGeHHO B 00/1aCT 6eccepBepHbIX BbIUMC-
nenuii. I[IlpusepkeHHocts Google Cloud passutuio
KYJIbTYpPbl MHHOBALIU 1 OTKPBITOCTH JiJ151 CTOPOH-
HUX pelIeHui, cjaefoBaHue TUOPUIHOMY U MYJTb-
THOGIAYHOMY ITOAXOAY U MUCITO/Ib30BaHME JTYUIINX
TexHosioruit Google eie GoJjibliie BbIIESIET €rO,
Jesnasl MpUBJIeKaTeIbHBIM BbIOOPOM [IJISI OpPTaHM-
3aluii, UIYIIUX IepenoBble peileHus. Kpome
Toro, GCP mpemocTaBisieT pasjnudHblii Habop MH-
CTPYMEHTOB /1Sl pabOThI € 3aJauaMy UCKYCCTBEH-
HOT'O MHTEJIIEKTa ¥ MallMHHOTO O0YyUYeH s, BKITIO-
yag crielnyanabHble mpoieccopsl TPU, paspaboTaH-
Hble Google. X0Ts Bce TPU SIBJISIIOTCSI CUJIBHBIMUA
KOHKYypeHTaMM, OTJAMUYKUTe/bHbIe IpeuMyllecTBa
Google Cloud genatoT ero rpuBjaeKkaTeIbHbIM Ba-
PMaHTOM JIJISl TeX, KTO OTJaeT MperouTeHne MH-
HOBAIIMUSIM, 6€30ITaCHOCTH U TMOKOCTH.

3axkiaoueHue

HecmoTps Ha kaxymieecs ipeumyiectso GCP,
B 1I€JI0M, Bce TIaTdhOpMbl MMEIOT CBOM TUTIOCHI U
MOTYT GBITh BhIOpAHBI Ballleil opraHmusaiuei B 3a-
BUCMMOCTY OT BalllMX TEKYIIUX MOTpeGHOCTEI!.
AWS mpepnjaraet 6ecruiaTHbIN ps, peleHuii ojist
HOBBIX MoJib30BaTeseii, a Microsoft Azure Cost
Management MpeaocTaBiseT IOJAb30BaTeSIM
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VHCTPYMEHTBI OJIs1 onTumMu3auumu pacxogos. GCP
rpejjaraeT KOHKYPEHTOCIIOCOOHYIO IIEHOBYIO MO-
JleJTb CO CKMUIKAMM TIPU IJIUTETbHOM MCIIOTb30Ba-
HUM ¥ UHOIUBUOYAIbHBIMY TUTIAMM MAIlMH.

[Ipy paccMOTpeHMM BapMaHTOB XpaHEHUs
Amazon Web Services (AWS), Microsoft Azure u
Google Cloud Platform (GCP) mpepyiaratoT Hagex-
Hble, MacIITabupyemMbie ¥ MHOTODYHKIVOHATb-
Hble pellleHusT ISl XpaHeHNS JaHHbIX, UYTO JejIaeT
ux 6ojlee MIM MeHee PaBHBIMM Y JIETKOMOCTYII-
HBIMM [IJI1 PasIMUHbIX ITOTPEOHOCTEl XpaHeHMUS.
Kaskmplil TOCTaBIIMK OOJIAYHBIX YCIYT IIPEegOCTaB-
JIIET PSI CEPBUCOB XpaHEHMs JaHHBIX, OTBEUAIO-
VX Pa3IMYHBIM ITOTPEOHOCTSIM, TapaHTUPYSI, UTO
y II0/Ib30BaTesieit GyIeT MMpoKuit BLIOOD IS yI0-
BJIETBOPEHMS X KOHKPETHBIX TPeOOBaHMIA.

Bce Tpum OCHOBHBIX ITOCTaBIIMKA OOJIAUHBIX
yonyr, AWS, Azure u GCP, npenaraioT HaJie>kKHble
YCJIYTU, UTO JeJlaeT UX JIYUIIMMU IpeTeHaeHTaMMU
Ha pbIHKe O6JaUHBIX BbIUMCIeHMUIt. [Ipy BbIOOpE
mexxny Azure, Google Cloud u AWS, takue daxk-
TOPBI, KaK [AOCTYITHOCTb PErMoHa, 3KOCKUCTeMa
CepBUCOB, BO3MOXKHOCTY I'MOPUIHOrO 06/1aKa, BbI-
YMCIeHUs, XpaHWIUIIEe, aHAIUTUKA U JpyTue

YCJIYTU, UTPAIOT pellalollyl poiab. B KOHeYHOM
urore Bbioop Mexxmy AWS, Azure n GCP 3aBucur
OT KOHKPETHBIX GM3HEC-MOTPeOHOCTeN, MpemIo-
YTEHUI U CYLIECTBYIOLINX CTEKOB TEXHOIOTUIA.
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COMPARISON OF CLOUD PROVIDERS AWS VS AZURE VS GOOGLE CLOUD

Abstract. Every professional will confirm that the quality of the work performed directly depends on the quality
of the tools. In the case of cloud experts, the situation is similar. When choosing products from Amazon, Azure or
Google Cloud, you can compare them by certain similar criteria and choose the tool that suits your business. In the
ever-evolving world of cloud computing, not all clouds have the same benefits.

This article will comprehensively examine the differences and similarities, including by comparing, cloud pro-
viders to show the various benefits of Microsoft Azure, AWS and Google Cloud products.

Keywords: GCP, AWS and Azure, services, integration, cloud computing, Google Cloud.
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A3BIKU, KYPHAJIIUCTUKA
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BPAHIAVYCOBA Anekcanapa BsueciaBoBHa
CcTapiuii penoAaBaTtesib, KAHAUAAT GUIOIOTMYECKUX HAYK,
MOCKOBCKMIT TOCyZapCTBEHHBIV yHUBepcuTeT uMm. M. B. JlomoHocoBa, Poccus, r. Mocksa

OYHKIUNNA ITOJITMCUHAETOHA B TEKCTE ITPOU3BEIEHNS
K.C. JIBIOVCA «JIEB, KOJIITYHbS U INIATSHOU IKA®»

AHHOmMauus. B cmamuwe ucciedyiomcs pyHKyuu noaucuHoemona 8 npoussederuu K.C. Jlvtouca «JIes, Ko10yHwvs
U n1amaHoti wxag». Bol0ensomcs Karuessie poJiu Imozo CMUaUCmMu4eckozo NPUéma — om co30anus ammocgpepol
00 nepedauu CUMBOUUECKUX CMbIC108. Ha npumepax meKkcmogozo aHanusa 0emMoHCMpupyemcs noJaUQyHKYUuo-
HAIBHOCMb NOAUCUHOEIMOHA, KOMOPbIL YCUnuedaem 3MOoyUOHAIbHOe 80CNpusimue, pumm no8ecmeosanus U 2jy-

OuHy Xapakmepucmuk nepcoHaxcet.

Kntoueawie cnoea: nonucuHoemou, cunmaxcuc, XpoHuku Hapruu.

lonncn}meTOH B TeKcTe mpousBeneHus «Jles,
4 Axonpynbs u miatsHoit mkad» K.C. JIbiouca
BBITIOJTHSIET CIEAYIONIME OCHOBHbIE QYHKIIVN:

1. Armocdepoobpasyromyio  (co3maHue
3PUTETbHBIX, 3BYKOBBIX U CEHCOPHBIX 06pa3oB):
«Presently the clouds parted overhead and the
winter sun came out and the snow all around them
grew dazzlingly bright» (I'maBa 6: «Into the For-
est»)

2. DMOLVOHAJBHYI0 (Tlepefavya YyBCTB
nepcoHaxkeit 1 HacTpoeHust): «Up to that moment,
Edmund had been feeling sick, and sulky, and an-
noyed with Lucy for being right, but he hadn’t
made up his mind what to do». (I'taBa 5: «Back on
This Side of the Door».)

3.  PutmMo00pa3yiomyro (MMUTALNS IBIKe-
HUSI, 3BYKa WM CKOPOCTU IBIskKeHUsT): «Have you
ever had a gallop on a horse? Think of that; and
then take away the heavy noise of the hoofs and
the jingle of the bit and imagine instead the almost
noiseless padding of the great paws. Then imagine
instead of the black or grey or chestnut back of the
horse the soft roughness of golden fur, and the
mane flying back in the wind. And then imagine
you are going about twice as fast as the fastest
racehorse. But this is a mount that doesn’t need to

be guided and never grows tired. He rushes on and
on, never missing his footing, never hesitating,
threading his way with perfect skill between tree
trunks, jumping over bush and briar and the
smaller streams, wading the larger, swimming the
largest of all. And you are riding not on a road nor
in a park nor even on the downs, but right across
Narnia, in spring, down solemn avenues of beech
and across sunny glades of oak, through wild or-
chards of snow-white cherry trees, past roaring
waterfalls and mossy rocks and echoing caverns,
up windy slopes alight with gorse bushes, and
across the shoulders of heathery mountains and
along giddy ridges and down, down, down again
into wild valleys and out into acres of blue flow-
ers.» (I'maBa 15: «Deeper Magic from Before the
Dawn of Time»)

4. CHUMBOJMYECKYIO (JUTI03UM Ha CaKpalib-
Hble win punocodckue Templ): «And they entered
into friendship and alliance with countries beyond
the sea and paid them visits of state and received
visits of state from them. (I'maBa 17: «The Hunting
of the White Stag»)

5. eranusupylomyrlo (aKIeHTUPOBaHME
BaXHBIX 3JI€EMEHTOB omucaHusi): «That was what
the others chiefly noticed, but Edmund noticed
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something else. A little lower down the river there
was another small river which came down another
small valley to join it. And looking up that valley,
Edmund could see two small hills, and he was al-
most sure they were the two hills which the White
Witch had pointed out to him when he parted from
her at the lamp-post that other day. And then be-
tween them, he thought, must be her palace, only
a mile off or less. And he thought about Turkish
Delight and about being a King ("And I wonder how
Peter will like that?" he asked himself) and horrible
ideas came into his head.». (I'maBa 7: «A Day with
the Beavers»)

6. CeHcOpHYyIO (onucaHue TaKTUIb-
HbIX/060HSTEIbHBIX/BKYCOBBIX OINyIIeHMit): «It
was something he had never tasted before, very
sweet and foamy and creamy, and it warmed him
right down to his toes». (maBa 1: «Turkish
Delight»)

7. XapakTrepusauuu (OIMCaHMe XapaKTe-
PUCTUK TTepcoHaxeit): «And Susan grew into a tall
and gracious woman with black hair that fell al-
most to her feet and the kings of the countries be-
yond the sea began to send ambassadors asking for
her hand in marriage. And she was called Queen
Susan the Gentle». (I'1aBa 17: «The Hunting of the
White Stag»)

8. KoHTakTOyCcTaHaBIMBAIOUIYIO
(obpaienne K unTaTesnio): «And now of course you
want to know what had happened to Edmund»
(T'maBa 9: «In the Witch House»)

[MonucuHOETOH B Mpou3BeneHun «JIeB, KOImy-
HbSI U TUIATSHOM IIKad» BBIMIOJHIET MHOIOYPOB-
HeBble PYHKIVM: OT CO3aHMs aTMOCdepsl 10 Ie-
pemauy 3MOUUI U CUMBOJIMYECKOTO TMOATEKCTA.
AHanmu3 mpou3BefeHMs TIOKa3aj, 4YTO [AaHHOe

CMHTAKCUYeCKOe CpPefCTBO BBIPAKEHMSI 3KCIIPeC-
CMBHOCTM TaKXe 4YacTo MOAU(PYHKUIMOHAIBHO U
MOXKET COuUeTaTh OJHOBpEMeHHO 2-3 u 6osee
dyukuym. IlTomucuageron y C.K. JIpionca IBiseTcst
Mp¥eMoM MHOTOMEPHOTO ITOBECTBOBAaHMUS, IO -
YyepKMBAIOIIMM CKa30YHYI0 MPUPOIY TEKCTa.
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THE FUNCTIONS OF THE POLYSYNDETON IN THE TEXT OF THE WORK
OF C.S. LEWIS "THE LION, THE WITCH AND THE WARDROBE"

Abstract. The article examines the functions of polysyndeton in the work of C.S. Lewis "The Lion, the Witch and
the Wardrobe'. The key roles of this stylistic device are highlighted, from creating an atmosphere to conveying sym-
bolic meanings. The examples of text analysis demonstrate the polyfunctionality of the polysyndeton, which en-
hances emotional perception, the rhythm of narration and the depth of character characteristics.

Keywords: polysyndeton, syntax, Chronicles of Narnia.
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THE EVOLUTION OF COMMUNITY MANAGEMENT IN GAMING:
FROM FORUMS TO AI-DRIVEN ENGAGEMENT

Abstract. This article presents a comprehensive analysis of the evolution of community management in the
gaming industry, tracing its development from early internet forums, IRC chats, and fan sites to modern AI-driven
interaction systems. The study compares traditional community management methods with contemporary technol-
ogies, including GPT chatbots, voice assistants, automated sentiment analysis, and personalized interaction sys-
tems. The research methodology is based on historical-comparative analysis, case studies, digital data analysis,
and expert interviews, allowing for the identification of evolutionary trends and existing research gaps in this field.
Particular attention is given to ethical concerns and challenges associated with automation, such as the risk of
losing the "human" element and algorithmic bias. The findings highlight the need for a hybrid model of community
management, where automated systems complement the expertise of human professionals to ensure effective and
empathetic engagement with the audience. By analyzing the transformation from classical forum-based communi-
cation to innovative Al-driven community management models, this study provides valuable insights for research-
ers in digital communication, gaming ecosystem managers, digital marketing strategists, and Al technology devel-
opers seeking to optimize user engagement and support processes in an increasingly dynamic information land-
scape.

Keywords: community management, gaming industry, artificial intelligence, automation, sentiment analysis,

social networks, ethical challenges.

Introduction

With the advancement of digital technologies
and the expansion of the gaming industry, the is-
sue of effective community management has be-
come increasingly relevant. Online communities
have become an integral part of the gaming eco-
system, significantly influencing both the user ex-
perience and developers' strategic approaches.
The transformation of communication methods —
from early forums and IRC chats to modern plat-
forms integrating artificial intelligence (AI) tools —
has reshaped interactions between players and de-
velopers, necessitating thorough scientific analy-
sis.

Marti C. L. et al. [1, c. 438-458] propose a con-
ceptual model for the use of artificial intelligence
in brand-oriented online communities, highlight-
ing a significant research gap in the systematic ap-
proach to automation and personalization of ser-
vice interactions. Similarly, Huang M. H. and

Rust R. T. [3, c. 155-172] analyze the impact of ar-
tificial intelligence in the service industry, empha-
sizing the scientific novelty of identifying dynamic
processes that emerge when Al is integrated into
service systems. They suggest that deep Al inte-
gration not only optimizes processes but also cre-
ates new forms of user interaction by employing a
mixed methodology that combines qualitative
analysis with conceptual justification. Kaplan A.
and Haenlein M. [4, c. 15-25] explore the interpre-
tational aspects and implications of integrating
voice assistants such as Siri, demonstrating that
the technological novelty of Al raises various eth-
ical and methodological questions that remain un-
derexplored.

Gillespie T. [2] examines content moderation
mechanisms and platform governance, drawing
attention to the hidden decision-making processes
shaping content in social media. The study identi-
fies a major research gap in understanding how
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these decisions impact community management.
Kleer N. and Kunz R. E. [5, c. 204-237] investigate
the influence of community participation on the
strategic business models of video game compa-
nies, emphasizing a lack of research on adapting
business processes to new forms of digital interac-
tion.

A review of existing literature reveals a clear re-
search gap in the absence of a comprehensive
study that combines a historical analysis of com-
munity management evolution in the gaming in-
dustry with an examination of contemporary Al-
based interaction trends.

The objective of this study is to analyze the de-
velopment of community management in the
gaming industry, tracing its evolution from early
forums and informal communities to modern Al-
driven platforms.

The scientific novelty lies in synthesizing the-
oretical perspectives from previous research with
an analysis of the transformational mechanisms in
gaming community management. This approach
enables an interpretation of the transition from
traditional forums to innovative Al-based interac-
tion models.

The research hypothesis suggests that while Al
tools are highly effective in handling large data
volumes and facilitating real-time moderation,
they cannot fully replace human involvement. The
optimal approach is a hybrid community manage-
ment model, where Al systems handle routine and
analytical tasks while strategic and emotionally
sensitive aspects remain within the expertise of
experienced professionals.

The study's methodological foundation is based
on an analysis of open-access scientific publica-
tions.

1. Community management: importance in
the gaming industry

Community management is a structured pro-
cess of forming, developing, and maintaining com-
munities united by shared interests, values, and
passions related to a specific brand or product. In
the gaming industry, this process involves organ-
izing and coordinating interactions between play-
ers, developers, and other stakeholders, contrib-
uting not only to increased audience engagement
but also to the creation of sustainable cultural
spaces that facilitate knowledge exchange, experi-
ence sharing, and creative expression.

Effective community management in the gam-
ing industry is strategically important, as active
and loyal communities can:

e Improve feedback between players and de-
velopers, enabling the prompt resolution of issues
and product refinement.

e Create additional value for the brand
through user-generated content, informal opinion
leaders, and organic marketing.

e Ensure the stability and competitiveness
of a game in the market by fostering long-term re-
lationships and enhancing audience trust
[1, c. 438-458].

It is essential to distinguish community man-
agement from social media management. While
the latter primarily focuses on managing a brand’s
presence on social platforms, promoting advertis-
ing messages, and shaping an image through mass
communication, community management is cen-
tered on building personalized, two-way relation-
ships with community members. This involves ac-
tive participation in discussions, user support,
event organization, and fostering self-organiza-
tion within the community.

Table 1 illustrates the key differences between
these two approaches.

Table 1

Comparative analysis of community management and social media management
[1, c. 438-458; 4, c. 15-25]

Aspect Community management Social media management

Objective Building long-term relationships, foster- | Promoting a product/brand, mass
ing a cultural space communication

Primary focus Interactive engagement, moderation, sup- | Content marketing, reputation man-
porting community self-organization agement, social media promotion

Communication | Two-way, feedback-oriented, and empa- | One-way/mass communication, fo-

type thetic interaction cused on information dissemination

Moderation ap- | Flexible, aimed at maintaining a positive | Standardized, based on corporate pol-

proach and constructive atmosphere icies

Strategic focus Social dynamics, cultural development, | Branding, advertising, and increasing
and audience engagement brand recognition
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Historically, community management in the
gaming industry has evolved from informal, self-
governed online groups to integrated support sys-
tems that combine both manual and automated in-
teractions. In the early stages, when gaming com-
munities were primarily based on dedicated fo-
rums and chat rooms, moderation and communi-
cation functions were carried out by enthusiasts
and volunteers. Over time, as audiences grew and
gaming products became more complex, the need
for a more structured approach emerged. This led
to the establishment of professional community
manager roles, responsible for strategic planning,
analytical evaluation of user feedback, and event
organization.

Forums became essential components of early
gaming communities. They served as spaces for
discussions on gameplay, technical aspects, and
future updates, while also shaping the cultural
norms of player interaction. Many developers took
forum activity into account when planning the fur-
ther development of their games.

IRC provided a platform for real-time commu-
nication among users, facilitating rapid infor-
mation exchange and the formation of tightly-knit
interest-based groups. These channels were par-
ticularly popular among multiplayer online game
enthusiasts.

Fan sites became the first creative platforms
where users not only engaged in discussions but
also produced original content, such as fan art,
guides, and modifications. This contributed to the
development of a unique gaming culture and
strengthened the connection between developers
and the community [1, c. 438-458].

The historical evolution of community man-
agement in the gaming industry demonstrates a
transition from simple, informal communication
platforms to highly advanced and structured inter-
action systems. This process has been driven not
only by technological advancements but also by
profound sociocultural changes, highlighting the
importance of further research in this field to im-
prove communication quality and player support
in the digital age.

2. Stages of development

In the early period of online gaming, informal
communication platforms such as internet forums,
IRC channels, and fan sites played a key role. Dur-
ing this time, moderation and coordination func-
tions were primarily carried out by enthusiasts,
contributing to the formation of the first sociocul-
tural norms and traditions within gaming commu-
nities [1, c. 438-458; 5, c. 204-237]. Multiplayer

games such as EverQuest, Ultima Online, and later
World of Warcraft played a particularly important
role by fostering continuous information exchange
between players and developers. These games re-
quired communities to self-organize to address
technical and gameplay-related issues, laying the
foundation for the emergence of professional com-
munity management roles.

The 2010s marked a period of rapid expansion
in social media and streaming platforms, signifi-
cantly transforming traditional models of interac-
tion within gaming communities. The rise of plat-
forms such as Facebook, Twitter, Reddit, and Dis-
cord enhanced communication capabilities, ena-
bling more dynamic and immediate information
exchange. At the same time, new opinion leaders
emerged-streamers and content creators — whose
activities on platforms like Twitch and YouTube
became crucial in shaping a game’s image and its
community. Games such as Destiny 2, Warframe,
and No Man’s Sky illustrate how active engage-
ment with influencers and audiences can have a
substantial impact on marketing strategies and
product development [1, c. 438-458]. During this
period, the focus shifted from internal communi-
cation within gaming platforms to the expansion
of external digital channels, which significantly
broadened the audience and increased player en-
gagement.

The modern stage of community management
in the gaming industry is characterized by the ac-
tive integration of advanced technologies, with ar-
tificial intelligence (Al) tools and big data analysis
playing a central role. In the 2020s, Al-driven
technologies such as chatbots, automated moder-
ation systems, and personalized content algo-
rithms became an essential part of gaming com-
munity support strategies [2]. These technologies
not only enable the rapid processing of large vol-
umes of user requests but also facilitate detailed
player behavior analysis, helping to identify po-
tential issues, including toxicity in communica-
tion. However, automation raises concerns about
maintaining the "human" aspect of management,
as empathy and the flexibility of traditional meth-
ods remain irreplaceable in resolving complex
conflicts. Thus, modern trends represent a synthe-
sis of technological innovation and traditional
methods aimed at creating a safer and more per-
sonalized environment for player interaction.

For a clearer representation of the key charac-
teristics of each stage of community management
development, Table 2 is presented below.
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Table 2

The main stages of the development of community management in the gaming industry

[1, c. 438-458]

Era Characteristics Example plat- Key technolo- Main challenges
forms/games gies/methods
Early era | Informal forums, IRC | Forums, IRC; | Manual manage- | Limited scalability;
(1990s - | channels, fan sites; | EverQuest, Ultima | ment, community | slow feedback re-
early volunteer moderation | Online, WoW self-regulation sponse
2000s)
Social me- | Expansion of digital | Facebook, Twitter, | Social media, | Decentralized man-
dia and | communication chan- | Reddit, Discord; | streaming, influ- | agement; maintain-
streaming | nels; emergence of | Destiny 2, War- | encers ing a unified commu-
(2010s) opinion leaders frame, No Man’s Sky nication strategy
Modern Integration of Al, au- | Chatbots, Al moder- | Artificial intelli- | Toxicity, algorithmic
trends tomated moderation, | ation systems, per- | gence, machine | bias, risk of losing the
(2020s) and personalization; | sonalized content learning algo- | "human" factor
big data analysis rithms, big data an-
alytics

The evolution of community management in
the gaming industry illustrates how technological
advancements and sociocultural changes drive the
continuous adaptation of community manage-
ment strategies. The transition from manual man-
agement and volunteer moderation to the imple-
mentation of Al-driven automated systems re-
flects the industry's efforts to improve efficiency
and responsiveness in addressing emerging chal-
lenges. However, despite technological progress,
maintaining the human factor remains essential
for ensuring empathetic and flexible interaction
with players, which continues to be one of the key
challenges of the present era.

3. Future Trends

With the advancement of digital technologies
and the rapid growth of user data volumes, artifi-
cial intelligence (AI) technologies are becoming a
key tool in the evolution of community manage-
ment. Modern solutions such as GPT chatbots and
voice assistants enable scalable and efficient inter-
action with players, enhancing communication ef-
fectiveness.

GPT chatbots demonstrate a high capability for
natural language processing, allowing them to en-
gage in meaningful dialogues, respond to user in-
quiries, and even perform preliminary content

moderation. These systems can adapt to individual
communication styles, ensuring personalized in-
teraction with the audience [3, c. 155-172].

Voice assistants in games are integrated into
the user interface, enabling intuitive and hands-
free interaction. These systems facilitate quick
resolution of user queries and improve service
quality, particularly in situations where standard
support channels are under high demand
[4, c. 15-25].

Automated sentiment analysis serves as a tool
for monitoring the emotional state of a commu-
nity. Al-powered systems can analyze text mes-
sages in real time, detect negative or positive
trends, and signal potential outbreaks of toxicity,
allowing for timely adjustments to moderation
strategies [2].

Personalized interaction is based on the collec-
tion and analysis of big data regarding player be-
havior. Such systems enable the delivery of con-
tent, promotions, and support tailored to individ-
ual user needs, fostering higher engagement and
audience loyalty [1, c. 438-458].

For a deeper analysis of the advantages and
challenges of Al technologies in community man-
agement, Table 3 is presented below.
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Table 3

Key Al technologies in community management: advantages and challenges
[1, c. 438-458; 4, c. 15-25; 5, c. 204-237]

Technology Advantages

Challenges/limitations

GPT Chatbots
of personalization

Scalability, responsiveness, high level | Lack of empathy, limited understanding of

complex context, potential for errors

Voice Assistants
sibility

Intuitive interaction, ease of use, acces- | Speech recognition errors, limited flexibil-

ity, restricted adaptability

ment Analysis rapid response

Automated Senti- | Real-time monitoring, trend detection, | Algorithmic bias, false positives, need for

fine-tuning

teraction

Personalized In- | Individualized approach, increased en- | Privacy concerns, risk of data overload,
gagement, improved user experience

complexity of system integration

Thus, despite the potential of Al in optimizing
community management processes, its implemen-
tation raises several ethical and practical chal-
lenges. One of the key questions remains: can Al
replace human community managers? While auto-
mated systems can efficiently handle routine
tasks, they lack empathy, nuanced emotional as-
sessment, and the ability to creatively resolve con-
flicts, which are critical in managing complex so-
cial interactions.

One of the primary risks of automation is the
loss of the "human" factor. Excessive reliance on
Al systems may lead to mechanized user interac-
tions, negatively affecting trust and player satis-
faction. Additional risks include algorithmic bias
and potential errors in sentiment analysis, which
could result in unfair moderation or inadequate re-
sponses to user inquiries.

The integration of Al in community manage-
ment should be approached with caution, consid-
ering not only technological capabilities but also
ethical concerns, ensuring a balance between pro-
cess automation and maintaining high-quality,
human-centered interaction.

Conclusion

An analysis of the evolution of community
management in the gaming industry has been con-
ducted, tracing its development from informal
online communities on forums, IRC channels, and
fan sites to modern high-tech solutions based on
artificial intelligence and big data analytics. The
study demonstrates that effective management of
gaming communities requires not only continuous
technological advancements but also the preserva-
tion of a crucial human element, ensuring empa-
thetic and flexible engagement with users.

The transition from volunteer moderation to
the integration of automated systems has signifi-
cantly improved the efficiency and scalability of
processes. However, it has also introduced new
challenges related to algorithmic bias and the loss
of emotional depth in interactions. The proposed
hypothesis that a hybrid model, where automated
tools complement rather than replace experienced
professionals, is necessary has been confirmed
through the findings of this study.
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JKYKOBA Anekcanapa-Credanuss BukropoBHa
CTyHmeHTKa, Poccuiickast akagemMust HApOJHOTO X0O3SI/ICTBA M rOCyIapCTBEHHO CITyKObI
npu IIpesugente Poccuiickoi ®enepauynu, Poccus, r. MockBa

JIAIITEBA BepoHuka OyierosHa
CTyHmeHTKa, Poccuiickast akagemMust HApOJHOTO X0O3SI/ICTBA ¥ rOCyIapCTBEHHO CITYKObI
npu IIpesugenTe Poccuiickoi ®enepauynu, Poccus, r. MockBa

CTAHIOAPTDBI KPACOTHBI 1 X BJIMSTHUE HA NHAYCTPUIO MO/1bl

AHHOmMauus. B cmamve coyuansHo-KyasmypHas cpeda paccmampueaemcs 8 Kkauecmee 00H020 U3 Npuopu-

memHsix pakmopos pazeumus uHdycmpuu Moob.

Knirouegwie cnosa: O6lM€Cm6€HHbl€ Hayku, COYUATbHDLT KOHCMpYKm, ucmopus MOabl, Moaa, cmaHaapmbl Kpa-

comeol.

eJIbI0 Hallleii CTaThyM CTajJ0 MCCAeHOBaHMe
]—[Bnmmm[ SKEHCKMX CTaHJapTOB KpPacoThl Ha
3arnaJHyI0 ¥ eBPOIeiCKYI0 MHAYCTPUIO MOLbI. MBI
MIPe/II0/IaTaeM, UTO CBSI3b MEXAY CTaHAAPTHBIMMU
KpacoThbl ¥ MMPOM MOJIbI OU€Hb BbICOKAs. VIMEHHO
3CTeTHYECKMue uaeanbl (GOPMUPYIOT TPEHObl B
JNAHHOI VHIYCTPUY U BIUSIOT HA MTOBEJIEHME T0-
TpebuTeei.

[ljist Hauasia, oripeieIuM, YTO TaKoe CTaHIapTh
KpacoThl M Kak oHM (opmupyiorcs. CTaHaapThl
KpacoThbl IMPECTaBISIOT CO60ii HAGOp KyJIbTyp-
HBIX, COIMATBHBIX U 3CTETUUECKUX MeanoB. OHM
CTaHIAPTU3UPYIOT (umocodckoe MOHATHE Kpa-
COTBI B KOHTEKCTE KOHKPETHO CTPaHbl, KYJIbTYPbI
" 3T0XM. B COBpeMEHHOM MMPE OHM BKIIOYAIOT B
cebst pasHble aCleKThl BHENTHEro BM/Ia UeIOBeKa:
¢durypa, poct, TOH KOXKI, CUMMETPUUYHOCTD U IPY-
rie. OJHAKO, CTAHAAPTHI KPACOThl HE BO3HUKAIOT
camu 1o cebe. ITo CBOeit CyTH, SIBJISIICh COLMATb-
HbIM KOHCTPYKTOM, “MZeasbl” pOXKIAITCS U3 CO-
LIMaJbHBIX CTEPEOTUIIOB U CTaHAApTOB. Kakie-To
CTaHAAPTbI UMEIOT KYJIbTYPHO-3THUUECKOE IIPO-
MCXOKIEHME U YXOISIT KOPHIMM B TPAIULINMA KOH-
KpPeTHOro 0611IeCTBa, APyrue MOTYT ObITh 0OYC/IOB-
JIEHBI COLMAIbHBIMU ¥ S9KOHOMUYECKUMM (HAKTO-
pamu, Hampumep KpusucaMy WU pasHoobpas-
HBIMM COLMAJbHBIMMU OBVMKeHUSIMMU. IIOMUMO
3TOro0, Ha X GOPMUPOBAHME CTATIY aKTUBHO OKa-
3bIBaTh BJAMSHME CMU, MeZya, peKiaMa, Mapke-
TUHTOBbIE€ KAMITAHUM.

Takum 06pa3oM, MOSKHO BbIIEIUTb TPU YCJIOB-
HBIX 3Tara GOpMMPOBaHMS CTAHAAPTOB KPaCOTHI:
COLIMAIbHO 3HAUMMOE COGBITIE, HOBbIE COLMATIh-
Hble CTEPeOTUIIbI U OOGIEeCTBEHHOE MHEHME,

BO3HMKAIOIIee B OTBET Ha 3TO COObITHE, POPMUPO-
BaHMe CaMOTO 3CTETUUECKOTO «uaeanar.

Pas6epem Ha mpumepe cyriepmozenyt TBUITH:

o ee MOSIB/IEHNST B MOJITHOM MHIYCTPUM MOJIE-
JISMM B OCHOBHOM ObUIM IEBYIIKM U3 06ecrieueH-
HBIX CJI0OEB HacejeHus, GuUrypa KOTOpbIX 6blia I0-
CTAaTOYHO TPAAMUIIMOHHON: MBIIIHOM U KEHCTBEH-
Holi. OmHako, TBUTTH cTasia IIepBO MOAE/bIO-BbI-
XOI1eM 13 pabouero Kjacca, 4YTO KapAMHAIbHO
TIOMEHSIJIO 3Ty YCTAHOBKY. JleByllika cTajga O4eHb
TIOMYJ/ISIPHOI M BOCTPeGOBAaHHOI MOJEe/bI0, OHa
HEOJHOKPATHO ITOSIBJISIACh HAa 00JI0KKAaX MOJHBIX
KypHaoB. Xymo6a TBUITM CTaja HACTOSIIUM
TPEHIOM M HOBBIM WMEaJ0M, MHOTUE [IeBYIIKU
JKeJlaiy CTaThb TaKMMM JKe CTPOITHBIMM.

[anee Mbl pacCMOTPUM KJIOUeBble MEPUO/IbI
MPOIILJIOTO BeKa ¥ COOTBETCTBYIOIIME UM 3CTETU-
yeckye uaeasbl, a Takke pasbepeM Ha ImpuMepax
Kak 3TO OTPa3smjioCh HA MHAYCTPUU MOABI.

1910: Oepymku I'mbcona. B Hauame XX Beka
MIeaJoM >KEHCKOJ KpacoThl CTaHOBUTCS 00pas
«/leBymiku I'mbcoHa», CO3MAaHHBIN MJUTIOCTPATO-
pom Yapisb3om [Tana ['M6coHOM.

M306paskeHne 3TOTO uaeana CTAHOBUTCS TeM
CaMbIM COIIMA/IbHO 3HAUMMBIM COObITHEM. HOBBIIi
CTaHIapT KPacoThbl — 3TO BbICOKAS U CTpOIiHas Jie-
BVIIIKA, C SIPKO BbIPa)KEHHO Tanuei, ¢ IJINHHOMN
nieeil M 60JbIIMMU IJIa3aMMU, IIBIIIHOM I'PYABIO U
IIMPOKUMM GepaMu, CUIYSTOM HAIlOMMHAIOIIEH
TeCOYHbIe Yachl.

BriocnencTBuu B MOAy BHOBb CTQIM BXOOAUTH
MapuKyU U IMUHbOHBI, & KOPCETbI CTAHOBUJIUCH BCE
yKe.

1920: omHako, 06pa3 «IeByllIKky I'MGCOHa» BbI-
XOOUT M3 MOAbI C Hadajsom I[lepBoit MMPOBOIL
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BOJiHBI. B BOeHHO€e BpeMsi MHOTME KeHIIVHBI CTa-
HOBWIMCh paboueit cuoit GpoHTa, YTO MPOO6Y-
IWIO OlyllleHMe CaMOCTOSITeIbHOCTU U He3aBU-
cumocTu. [TosydeHne TpaBa rosoca M SMaHCUIIa-
LM JKeHIIMH CII0COOCTBOBA/IM TOSIBJIEHUIO HO-
BOTI'0 JKEHCKOT0 06pa3a «(JIsIep», CTaBIIMM CUM-
BOJIOM «PeBYIIUX ABaAlaThix». OCHOBHBIMMU Uep-
TaMM HOBOTO MJeaja CTalM: aHAPOTMHHAsT Gu-
rypa, 6e3 akileHTa Ha Taauu, MaJleHbKas, 4acTo
YTSHYyTas IPpyab U Xymoba. Pa3BuTue MOIbI Ha Xy-
mo6y B 1920-X cTajo HavajJoM SIUOEMUM pac-
CTPOJCTB MUIEBOro IoBeaeHus. JKemasi CKpbITh
CBOIO JKEHCTBEHHYIO (PUTypy, OEBYIIKM HOCWUIU
CBOOOIHBIE HAPSIOBI JIETSIIEr0 KPos, C 3aHMKEeH-
HOI1 Ta/inelt, 4aCcTo AJIMHOM MO0 KoJieHOo. B Moy Bo-
110 M306peteHme dpaHilysckoit Moauctku Kapo-
JlaitH PeOy — IS8 - KJIOIIL.

1930-1950: 1930-e roapl 03HaMeHOBa/INCh Be-
JINKOI Aenpeccueii U MUPOBBIM KpuU3ucom, a 40-e
rogsl — BTopoit MupoBoit BoitHoit. O6I11eCcTBO, 13-
HYPEHHOE 3TMMM COOBITUSIMMU, COMPOBOKIABIIN-
MMCSI MacCOBBIM I'0JIOA,0M, IPUIIIO K OYepeJHOMY
Measy, ¥ Terepb IMbIIHbIE (OPMBI U GUTypa «I1e-
COYHbBIE YaChl» He CYUTAIUCH UEM-TO 3a30PHBIM, a
HaoOOpOT CUMBOJM3UPOBAIM  OJIaromoyydue.
Wneanom ¢purypbl 6bl1a JIerkasi IIOJIHOTA, OO0 IbIIasT
rpynb U 6eapa, HO IIpU 3TOM y3Kasl Tajus. O6pas-
LIOM KpacoThbl T€X BpeMeH MOKHO CUMTATh aKTPUC
Honopec Henb Puo, Bertu I'peitbn, Mepaun Mo-
Hpo u bpwxutr bapmo. TpeHZOM 3M00XM CTaHO-
BUTCSI KEHCTBEHHOCTb. B cTusie new look pa6o-
TajllM TIOUTU BCe JoMa BBICOKOM Mopbl: Pierre
Cardin, Nina Ricci, Givenchy, Lanvin u np. B mogy
BXOJST IIIAThSI-6I0CThE, KOPCEThI, I0OKM-KIIEIl,
MpuTajeHHble TUIKAKU, NUISTIKA U KeMUyT. A
IJIaBHOV (UIIKOM MaKMUSKa CTAaHOBUTCSI SIPKO-
KpacHas rnomaja.

1960-1970: 60-e rompl cTaamM SIMOXOM umea-
JIM3Ma, COLMAIbHOTO MPOTeCcTa M OTKasa OT Tpa-
IUITMOHHBIX lleHHOCTelt. B oTBeT Ha 3Tu U3MeHe-
HUSI TIPUXOANT Measl ITPOTUBOTIONIOXKHBIN ITpebl-
IyIIeMy, MOJla Ha MbIIIHOCTh CITaJaeT U IOSBJISI-
eTcs eif obpaTHas moja Ha xyno0y. Cyrep-cTpoii-
Hble Mofenu ¢ Gurypoit moapocTKa BHOBb CTa/IN
TIOSIBJIITHCST HAa O6JIOKKAaX. VIKOHOW CTUJIS, CTaHO-
BUTCS cyriepMogenb TBuUrru. JKesast 6bITh IMOXO-
SKMMM Ha MOAEb, NEBYIIKM MacCOBO HaYa/Iu Xy-
OeTb. Crenyilomiee necsaTUIeTHE TMPOAOJIKUIO
KyJIbT CTPOIHOIO Teja: B CeMUJeCSThie IOBCe-
MECTHO pacIipoCTpaHsIach aHopekcus. UYTo G6bl
10Ka3aTh MCKIIOUUTEIbHYI0 Xymo0y IeBYIIKK
Havyajau HOCUTh 60Jiee OTKPBITYIO U 00JIeraiolnyo
omexxgy. B momy BXomsST MMHM-I00KM, UX CO37a-
TeabHMUIIEN cuuTaeTcs Mapu Ksanta. Taxke

TIOSIBJISIETCS JIeTeHAapHoe TIIaThe Tparewnuii OT UB
caH JlopaH, KOTOpOe BIOC/IEICTBMM CTAHET HACTO-
SITITAM TPEHIOM.

1980: B BocbMumecsiTbie, HA060POT, UAEATIOM
CUMTAJIOCh 3J0POBOE CIIOPTUBHOE TEJI0, YEMY CITI0-
COOGCTBOBAJIO TIOBCEMECTHOE Pa3BUTHE CMMU, TeJle-
BUIEHUS U peKIaMbl. Bce OGOJBIIYIO IIEHHOCTb
HauyMHaIX HecT 6peHsl. B Menya TpaHCIMpPOBa-
JIUCh 3aHSATUS (GUTHECOM M aspobuku. JIKeitH
@doHAa U ee YPOKU HIEMITMHTA CTAIN TTOMYISPHBI
1o BceMy Mupy. SIpkast crioptuBHasa ¢opma, jer-
TMHCBI, HAIyJIbCHUKM ¥ 6O[IM-KyHaJIbHUKY CTAIA
[JIaBHBIMM aTpUMOyTaMy MOIHMIL. B Momy BXOIUT
criopTuBHas onexaa nike, reebok, adidas.

[lanmee Mbl paCCMOTPUM 3BOJIIOIIMIO CTAaHIAPTOB
KpacoTbl B MOJHOJ MHAYCTPUM Y XKEHIIMH KOHIA
XX Beka 1 Havana XI, a Takoke BIUSIHME UHAYCTPUNA
Ha BOCIIPUSITHE KEHCKOJ (DUTYPhI B OOIIIECTRBE.

B 1989 romy mnpousomen kpax (oHIOBOTO
pbIHKA B UepHYyI0 NATHUILY. B Moze 3TO mpuBesno K
pe3koMy IpekpaiieHnio 6oratcrsa 80-X, Au3aii-
Hepbl MPOABUTaA/IM MMHMMAaNu3M. [IpuBeném npu-
Mep, B 1990 romy Pudar O36ek mokasasa IIOJHO-
CThIO Oenyio Kojutekuuio. Ho ogHMM 13 BakHel -
IIMX COOBITUII CTAHOBUTCS JIET€HIAPHBIN TOKa3
Versace Ocenb/3uma 91. B ero ¢dmHase BeIum 6y-
nyuue cynepmogenu Jimaga EBanrenncra, Haomn
Kamn6emn, Kpuctu Tepnuarron n Cuaau Kpo-
ybopa. C HuX HaUMHAeTCs HOBasi 3pa B MUpe Mo-
geneit. Hukorga paHbliile B UCTOPUM OHUM HE OKa-
3pIBJIM TAKOT'O BAMSIHUS B MOJHOI MHIYCTPUU.
AiileHTMKa MHOTUX OPEHIIOB CTPOMIACh HA «CeK-
CYaJTbHOM» ¥ 300POBOM 06pa3e sKeHIMHBI.

OIHaKo XKeHCTBEHHbIe 00pasbl OBICTPO HAIO-
enu Iu3aliHepaM TOTO BpeMeH!, I03TOMY MHOTUM
TBOpLAM (DIIIH-MHIAYCTPUM XOTEIOCh YTO-TO UM
MPOTUBOMOCTaBUTh. K cepenyiHe necaTuieTus no-
SIBWIXCh HOBbIE€ T€POMHM, UTOOBI IPeICTaBISTh
CYORYJIBTYPY MOABI — TpatX. Kak Hanmpumep, Keiit
Mocc, Kupctu XpioMm, Ctemia TeHHAHT. XJIbIHYB-
Ui B CTPaHbl IOTOK HAPKOTUKOB U JKeJlaHue Ie-
peMeH U caesiaiv TakK Ha3bIBaeMYH0 3CTeTUKy «['e-
POMHOBOTO IIMKa» TeM, YeM OHa CTajia B MMOCJIe]i-
CTBUM — Xymo6a, 6J1eTIHOCTh ¥ POMaHTU3MPOBaH-
HOCTb M3MOXAEHHOCTH; YTJIOBAaTOCTh U OKOJO
«MaJTbBYMIIIECKUIT» 06pa3 CTapauCh MMOAUYEPKHYTh
MPOCTBIM KpPOEeM U MUKPO-pa3MepoM Belleli.
«Moga oxBaTbhIBaeT HOBYIO (oOpMy», — Hammcal
Vogue B mae 1996 rona.

Hanee nepeiiném Kk aHanmusy 21 Beka. Baxkueii-
IIVIM COOBITMEM CTAHOBUTCST TPAHCIISIIIVS ITOKA30B
Victoria’s Secret 10 TejieBUIeHNIO, Ubsl KOHIIEII-
LMs CTpOWJIach Ha ABYX IPUHIMIIAX: HAPOUUTON
CeKCYaJIbHOCTM M CTPOMHBIX Tenax. J[eByliKku
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BCETO MMpa CMOTpeIU 3aluCU AAHHBIX MMOKAa30B,
YTO MPUBEJIO K MAacCOBOI MOMyAsipU3alum ux sc-
TeTUKU. «AHTeJlaMu» B pasHble MePUOAbl ObLIU
nouTu Bce cyrepmogenu: Taitpa BaHkc, AgpuaHa
JIuma, Kenpamn [xkenHep, bemna Xagun, Xanau
Knym u gpyrue. Moga B Hy/leBble HEMHOTO OTJIN-
yajach OT KammdiHOB B 90-e, HO TOKCHMUHOE
CTpeMIeHMe K Xynobe U riiaMypu3anust camopas-
pYIIeHUsT OCTaBalMCh Ha moBecTKe. CenebpuUTH
Bce elle ObUTM 00SI3aHBI HaXOAUTHCS B XOpolIei
dbopMme, UyTOOBI HE CJBIATh YHUUYVDKUTETbHBIX
CJIOB B CBOJ ajipec, TeM He MeHee CUTyalusl U C
HApKOTMKaMM, U CO CTAaHAAPTaMM KPacoThl CTajaa
YyTh JIyYIIle.

OpHako Mofa TOCTOSIHHO MeHSIeTCSI — B TOM
YMCciIe U Ha MUIeastbl JKeHCKO ¢uUrypbl. JKeHIMHbBI
HavyajM CTaBUTh Ha TIEPBOE MECTO CBOV KOMGOPT,
a He YTBepXKIeHHbIe IaTpuUapXaJbHBIM 00IIe-
CTBOM CTEPEeOTUIIbl KPacoThl. DTO OTPa3mMIoCh Ha
noauMyMmax, Ha npumep, B uioHe 2023 roma 6peHs
Victoria’s secret 3aMeHNM/I aHTeJIOB HACTOSIIVMMMU
SKeHIIMHAMMU.

Ucxonst U3 Bcero BBINIECKA3aHHOTO, MOKEM
caenaTb BbIBOJ, YTO 1990-e rompl cTaiy epenom-
HbIM MOMEHTOM J,J151 MOJHOM UHAYCTPUM, OTPA3UB
KpaifHOCTU U MPOTUBOPEUMS CBOEr0 BpeMeHM.

CraHAapThl KEHCKOI GUTYPHI M KPaCOThI MPO-
[IUTU TPY 3TAra: OT IMIaMypPHO POCKOIIY CyTIepMO-
neneil yepe3 6GOJE€3HEHHYIO 3CTETUKY TE€POMHO-
BOTO IIMKa K 60jiee eCTeCTBEHHBIM U MHKITIO3YUB-
HbIM 06pa3zaM KOHIIA JeCSITUIeTUs. DTU U3MeHe-
HMSI B MOJHOI 3CTeTUKe OKa3aiu 3HAUUTEeIbHOe
BJIMSTHME Ha OOIIECTBO.

B HOBOM ThICSTUE/IETUM yCIIeIM CMEHUTHCS I Be
OCHOBHBIX TeHJeHUuM. CHavana OeBYUIKM BCEro
Mypa CTPEMWINCh K YTPUPOBAHHONM Xymobe wu
CTpOIHOCTM. 3aTeM Ha ITOKa3axX Mbl MOTJI BUIETD
MO/ieJieli TIOJTIOC Caii3, paciBeT 60AUTIO3UTUBA.

B 11€710M, MOKHO OTMETUTD TPEHI, Ha Pa3sHO00-
pasue ¢huryp ocob6eHHO Ha ITPOCTOPaxX MHTEPHeTa.
I'paHuIibl «MIeaqbHOTO» TOCTENEeHHO PpPacIIMpsi-
10TCSI.

Mbl oCMeNMMCsT BbIABUHYTD TpenIIoNoXeHNe,
YTO TepOMHOBBIN IIMK BO3BpAIaeTCs U OUYeHb
CTpeMUTEeNIbHO. VI 3TOMY eCTb oA TBEPXKIEHNE.

Bo-mepBbiX, MoOsIBieHME U IONyJasSpusanus B
COIMA/IbHBIX CETSIX «HOBOTO TepoMHa» AJisl 3yMe-
poB, a uMeHHO O3eMMMK. ITO Iperapar, UCIOJIb-
3yeMblii 1Sl ieueHus quabeTta, KOTOPbI HeJJaBHO
cTan nomynasped B TUK-TOKe 13-3a CBOETO 060Y-
HOI'O OeiCTBUSI — CHVMOKEeHMSI MacChl Tejia U arle-
TUTA.

Bo-BTOpPBIX, UMKAUMYHOCTD MOIbI, OOUH LMK
miutcst 20-30 jeT, Tak Kak IMOKoJIeHe, BhIpocIiiee
Ha OIpeje/ieHHOI MOoJe M TpeHAax, B3pocCjeer,
JIOBUT HOCTJIbI'MIO, & 3aT€M HauMHAET BbIITYCKAThb
pemeiikyu Ha GUIbMBI M UTPhI, BO3BpAIllaeT Bellly,
CBSI3aHHbIE C UX I€TCTBOM.

B-TpeTbux, XOTMM MOATBEPAUTb CBOM CJIOBA
puMepamMu.

[Toka3 Coperni, benna Xagum 3akpbIBaeT ero B
as3p030JIbHOM IIJIaTbe, CTOUT 3aMEeTUTh OU€Hb I10-
XyJeBllee TeJ0 MOAEeN.

Ha nokase Miu Miu geByuiky npomnuinck o no-
IUYMY B <MUKPO-MMUHW» KOJJIEKIIMM OpeHa.

Ho 1 310 He camoe BakKHOe, TaKKe Ha IToauyMe
Jlaitna Mocc (moub Keitt Mocc) u Kaiist Tepbep
(moun CuHgu Kpoydopm).

MoskeM chenaTh BBIBOM, UTO CBSI3b MeEXAY
CTaHAApPTaMM KPacOTbl ¥ MMPOM MOJBI BbICOKA, a
TaKKe C pa3BuTnem texHonoruii B XXI Beke MHmy-
CTpMSI MOJbI 3a0a€T TPEHAbI ¥ OKa3bIBA€T KOJIOC-
caJbHOe BIMSHME Ha OOIIEeCTBO, He OTHOCSIIeecs
K MUPY MOJIbI.

B ominmune ot XX Beka, rae Au3aiiHepbl MOI-
CTpauBaIMUCh TOM, MAEalbl KPacOThl U COOBITUS
TOoro BpeMeHu. CriemoBaTe/bHO, TUIIOTe3a MOJ-
TBEPANIACh YaCTUYHO, HE TOJIbKO CTAaHAAPTHI Kpa-
COTbI GOPMUPYIOT TPEHIBI B MHAYCTPUM MOJIbI, HO
¥ Ha060POT.
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HITOOJA Mapuna
BeIyIIMiT MacTep Mo HapallMBaHUIO BOJIOC, OCHOBATEIbHUIIA,
CanoH «Jlom Bojoc», KazaxcTaH, r. ATMaThI

IIEPCIIEKTUBbBI PA3BUTHUSA TEXHOJIOTU B HAPAIIIIBAHUY BOJIOC:
VNHHOBAIIMOHHBIE MATEPUAJIbI U METOJAUKA

AnHomauus. Cmamaos NOC8AWeHA UCCIE008AHUI0 NEPCNEKINUS PA38UMUS MeXHOJI02Ull 8 UHOYCMpUU Hapawju-
8AHUS 80J10C, C AKUEHMOM HA UHHOBAUUOHHblE MAMepuaisl U mMemoouku. B pabome paccmompeHs! Kaiouegvle
2mansl 3800YUU MeM0J08 HAPAUUBAHUSA, HAYUHAS C MPAOULUOHHBIX N00X0008, MAKUX KAK JIEHMOUYHOE U mpec-
€080€ HAPALUBAHUE, U 3AKAHUUBAS COBPEMEHHBIMU MEXHOI02USMU, BKIIOUAS MUKPOKANCY/IbHOE U Yibmpaguose-
moeoe Hapawjusaxue. Ocob6oe 8HUMAHUE YOeNeHO GIUSHUI MEeXHON02UUeCK020 nNpozpecca HA 00J1208eUHOCMb,
ecmecmeeHHOCMb U 6e30NACHOCMb HAPAWUBAHUS 80J10C.

B cmamoe make aHanu3upyromcs hepcnekmueHole HanpasaeHus paseumus uHdycmpuu, maxkue Kaxk eHedpe-
Hue OUOMeXHO02UT U UCNONBb308aHUE IKON02UUECKU OE30NACHBIX MAMepuanos. Paccmompenst nomeHyuaibHble
npeumyuiecmaa 6U0pasnazaeMsix KepamuHos, Komopsle Mozym cmams 0CHO80L 07151 0yOYuuxX UHHOBAYULL.

IIpakmuueckas yeHHOCMb UCC/IE008AHUS 3AKTIOUAEMCS 8 PEKOMEHOAYUSX 0711 MACMEPO8 U CANIOHO08 KPacombl
no adanmayuu x 6yoyujum usmeHerusm. IlpednoxceHsi cmpamezuu, 8KaUAIOWUE NOCMOSHHOE 00yUeHUe U UH8e-
CIUYUU 8 KauecmeeHHbie Mamepuaisl.

Cmamus npedcmasJisiem uHmepec 0151 Cheyuaiucnos uHdycmpuu Kpacomel, ucciedosamereti 8 06aacmu ma-
mepuanosedeHus, a makice 018 WUPOKO20 Kpyza uumameJeti, UHMePeCyuUXcs cO8peMeHHbIMU MeHOEHYUAMU 8
HapawjusaHuu 8ooc.

Knrouessie cnosa: HapauiusaHue 80J10¢, 80J10Cbl, mexHoJioeuu, mamepuajsl, KepamuH, Koxa 201086, yibmpda-

(uonemosoe Hapawjusarue, MUKPOKANCyavHOe HapawjusaHue.

1. BBegenue

HapamyBaHue BOJIOC KaK MHAYCTPUS MpeTep-
mejia 3HAYMTEIbHbIE M3MEHEHMS 3a IOCAeTHUe
IecsITUIeTVs], TIPeBPaTUBIIUCE U3 MPOCTOTO KOC-
MEeTHUYeCKOTO PeIIeHNsI B CJIOKHBIN TeXHOIOTUYe-
CKMIT TIpoliecc, Tpebyooumii TIy60KuX 3HaHUIT B
o6acTy MaTepuasoBeieHusI, OMOXUMUN U 3CTe-
TUKU. MICTOpUYECKM METO/IbI HapallMBaHMsI BOJIOC
O6bUIM OTpPaHMYEHBl MCIIONb30BaHMEM HATYpasb-
HBIX U CMHTETUYECKUX MaTepuajaoB, KOTOpbIe Ya-
CTO He COOTBETCTBOBAIN TPEOHOBAHUSIM JIOJITOBEY-
HOCTHU, 6e30TTaCHOCTHU U eCTeCTBeHHOCTU. OIHAKO
C Pa3sBUTUEM TEXHOJIOTMII ¥ TTOSIBJIEHMEM HOBBIX
MaTepuasoB MHAYCTPUS NepeskuBaeT 3BOIOLNIO:

K/IMEeHTaM CTAaHOBSTCS OOCTYIHBI 6ojiee cOBep-
IIeHHbIe ¥ Oe30ITacHbIe PelleHus.

AKTYaJTbHOCTb MCCJIe[IOBaHMSI IEPCIEKTUB pa3-
BUTUS TEXHOJIOTMII B HapallMBaHUM BOJIOC 00Y-
CJIOBJIEHA PACTYIMM CIIPOCOM Ha 3CTETUYECKUe
YCIIYTH, a TaKke He06XOIMMOCTbI0O MMHUMU3UPO-
BaTh HEraTUMBHOE BO3MENCTBME HA HATypasbHbIE
BOJIOCBHI M KOXY TojioBbl. COBpeMeHHbIe METO/IbI
HapalMBaHMsl, TakKue KaK MMKPOKAIICYyJbHOE U
yIbTpadMoieTOBOE HapalMBaHue, TeMOHCTPU-
PYIOT 3HAUMTETbHBIN IMPOrpecc B 06/1aCTy JOJITO-
BEUHOCTM ¥ eCTeCTBEHHOCTY, OJHAKO OCTAal0TCS
BOITPOCHI, CBSI3aHHbIE C 9KOJIOTMYHOCTHIO MaTepy-
aJIoB U UX BAUSHUEM Ha 3[0pOBbe UesioBeKa.
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Llesip maHHONM CTAaTbU — PAaCCMOTPETH 3BOJIIO-
LIMI0 METO/IOB HapallMBaHMS BOJIOC, TPOAHATM3N-
pOBaTh COBpPEMEHHbIE TEXHOJIOIMM U MaTepualbl,
a TaKke OLEHUTb MePCHeKTUBbI PA3BUTUSI UHIY-
CTPUM B KOHTEKCTe BHEIPEeHUSI 6MOTEeXHOIOI Ut 1
9KOJIOTMYECKM Oe30IacHBIX MaTepuanaoB. B pam-
KaxX MCCIeIoBaHMsI OYIYT pacCMOTPEHbI KIUe-
BbI€ 3TAITbl Pa3BUTUSI MHIYCTPUU, TTPOOIIEMBI Tpa-
IVIMOHHBIX METOJOB M MHHOBALMOHHBIE IO/ -
XOJIbI, KOTOPbIE OMpeIesTIoT Oyayliee HapaliyBa-
HMS BOJIOC.

2. UcTopusa u 3BOIIOIMS METOLOB Hapaum-
BaHMS BOJIOC

2.1. UcTopuueckuit 0630p

HapamyBaHue BOJ0C KaK MPaKTUKa MMeeT TJTy-
00KMe ucTopuueckue KopHu. Ele B IpeBHUX IU-
BMIM3ALMSIX, TakKMX Kak Eruner n Mecomoramusi,
BOJIOCHI CUMTATNUCH CMMBOJIOM CTaTyca 1 KpacoThl,
a UX yOJMHEeHMe WIM yKpalleHye ObLJIO pPacHpo-
CTpaHeHHO! TMpakTukoi. IlepBoe NOKyMeHTasb-
HOe J0Ka3aTeJbCTBO HapallyMBaHMUS BOJOC ObLIO
HalgeHo y erunTsH B 3400 rony 1o Hale 3psl [6].
B Adpuxke, Hampumep, UCIIOIb30BAINUCh METOMbI
IVIETEHMS BOJIOC B KOCUMUKM, KOTOPBIE IT033Ke JIeT/IN
B OCHOBY TPECCOBOTO HapallMBaHMSI.

OpHako coBpeMeHHble MEeTObl HapallMBaHUs
BoJIOC Hauanu (opmupoBaThes auilb B XX Beke,
KOTIa MHAYCTPUS KPAacOThI CTaja aKTMBHO pa3BU-
BaTbhCs, a CIIPOC HA 3CTETUUECKMe YCJIyTU 3HAUM-
TeJIbHO BbIPOC.

2.2. Pa3BuTHe TeXHOJIOruii HapalBaHMS
BOJIOC

B 1990-x romax mosSIBUINCH TE€PBbIe MacCOBbIE
MeTOIbl HapallyBaHMS, TaKMe KaK JIEHTOUYHOe
HapallyBaHMe, KOTOpOe OCHOBBIBAJIOCh Ha MC-
MOJb30BaHMM KIEMKUX JIEHT sl huKcanmm BO-
JIoC. DTOT MeTOo[, ObUI TONYJISIPEH 6;1aromapsi CBOeit
IIPOCTOTE M CKOPOCTY BBITNIOJIHEHMS — IIpoLeaypa
3aHMMasIa He 6osee yaca. OgHAKO Y JIEHTOYHOTO
HapalMBaHus ObUIM CYIIeCTBEHHbIE HEIOCTATKHA:
BUIMMOCTbD JIEHT IPU HeMMPaBUIbHOM YXOJie, Orpa-
HUYEHMS B YKIaIKe U CJIOKHOCTD YAaaeHUs Kies C
BoJioc. Kpome TOro, cpok HOCKM TakOro Hapaiu-
BaHMs ObIT KODOTKUM — BCEro 4—6 Hefeb.

TpeccoBoe HapalMBaHME, TAKXKe M3BECTHOE
KakK TOJUTMBYJCKOE, CTJI0 ellle OJHUM IOMyJsp-
HbIM MeTosioM. OHO OCHOBBIBAJIOCH Ha BIIJIETEHUM
BOJIOC B MeJIKMe KOCUMYKM, K KOTOPbIM MpUILIMBaA-
JIXCh TPecchl. ITOT MeTO, 6bIT 6e30MaceH, Tak Kak
He Mpepnriojiaral TepPMMUYECKOrO BO3OEICTBUS U
IMO3BOJISIT TIOBTOPHO MCIIO/b30BaTh BOJMIOCHI. Of-
HaKO OH BBI3bIBAJ AMCKOMMOPT 13-3a HATSKEHUS
KOXXM T'OJIOBBI M He OAXOAMII JIJISI TOHKUX BOJIOC.

2.3. YcrapeBuine MaTepuasbl OIS Hapaum-
BaHUS BOJIOC

PanHMe MeTOo/ibl HapaIBaHMs BOJIOC UCIIOJb-
30BaJIM HATypabHble, CUHTETMYECKIE U AaKe KU -
BOTHbIe BOJIOCHI. HaTypanbHble BOJIOCBHI, Yallle
BCEro a3maTCKOTO IMPOUCXOXKIEHMS, ObLIM [elle-
BBIMM, HO YacTO IIOABEpPrajiiCh arpecCUBHOMY
OKpalllMBaHUIO, YTO AENaN0 UX CYXUMMU U JIOM-
KMy, CMHTEeTHUUYeCKMe BOJIOKHA, TaKMe KaK KaHe-
KaJIoH, ObLIM 6oJjiee MOCTYIIHBIMM, HO YCTYIIa/lIu
HaTypaJIbHBIM BOJIOCAM I10 BHEIITHEMY BUAY U JOJI-
TOBEYHOCTM. B HEKOTOPBIX Cydasix MCIOIb30Ba-
JIXCh BOJIOCHI JKUBOTHBIX, HAI[pUMep, JIOMIaAMHbIe
WM KO3bU, KOTOpPbIe MPUMEHSUIVCh B ITPOU3BOJI -
CTBe MapUKOB.

Inst dukcamm BOJIOC MUCIIOIb30BAIUCH CMOJIBI
¥ BOCKM, KOTOPbIE, XOTSI U 06eCIeunBay IPOYHOe
KperuieHue, O6bTM BpeIHbI /11 HaTypPalbHBIX BO-
JIOC U KOSKY TOJIOBBI. DTU MaTePUaJIbl CJIOKHO YIa-
JISUTACh, YTO YaCTO MPUBOOWIO K TOBPEXAEHUIO
COOCTBEHHBIX BOJIOC KiameHTa. Cpemm Tmocien-
CTBMII — IasKe ajIoTel Vs, BbI3BaHHAS HATSDKEHVEM
BOJIOC [2].

2.4. TIpoGsieMbI ¥ OTPAaHUYEHUS TPAIUIIA-
OHHBIX METOI0B

OcHOBHbIEe TTPOGIEMbI TPAOULIVOHHBIX METO-
OB HapalMBaHMs BOJIOC 3aK/TIOYAIUCh B X BUIA-
MOCTM, He6e30IaCHOCTY AJIsI HaTypaJbHbIX BOJIOC
Y OTpaHMYEHHO TOJTOBEYHOCTH.

JleHTOUHOE HapallMBaHNMe, HECMOTPSI Ha CBOIO
MIPOCTOTY, YaCTO BBITJISIENI0 HEeCTECTBEHHO M3-3a
BUIVIMBIX JieHT. TpeccoBoe HapallBaHue, XOTS U
6b110 60J1€e 6e30IMacHbIM, BbI3BIBAJIO AVICKOM@OPT
M He TIOAXOOUIIO JJIsi BCeX TUIIOB BoJiOC. VICTIONb-
30BaHMe CMOJI ¥ BOCKOB JJjis1 (pMKcAlMM TPUBO-
IO K TIOBPEXIEHMUIO BOJIOC M KOXKM TOJIOBBI, a
CMHTETHYECKMEe MaTepuasbl YCTYIaaM HaTypalb-
HBIM IT0 KQUeCTBY ¥ BHEIITHEMY BUITY.

OTU OrpaHMYEHUST CTUMYIUPOBAIN TTOUCK HO-
BBIX TEXHOJIOTUIT U MaTepUasioB, KOTOPbIE MOTJIA
OB 0becIieunTh 00J1ee eCTeCTBEeHHbIN BUI, JOJITO-
BEUHOCTD ¥ 6€3011aCHOCTb. B pe3ynbTaTe Ha CMeHY
TPaJMUIIMOHHBIM METOJaM IPUILIM O60jiee coBep-
IIIeHHbIe TEeXHOJOTMM, TaKue KaK KallCyJbHOe U
MMKpPOKAaICy/JIbHOe HapallMBaHue, KOTOpbIe CTaJlu
OCHOBOJ 151 JajIbHeIero pasBuTus UHAYCTPUN.

3. CoBpeMeHHbI€ TEXHOJOTMM M MaTepu-
bl

3.2. Pa3BuTHe HOBBIX METOA0B

CoBpeMeHHbIe TEXHOJOTUM HapallMBaHUSI BO-
JIOC 3HAUMUTEIbHO OTJIMYAIOTCS OT TPAAULIMOHHBIX
MeTo0B. OHM ITpeIaraloT 60j1ee COBepIlIeHHbBIE U
6e3oracHble pemeHnst. OOHUM U3 KITIOYEBBIX JI0-
CTUKEHUIA cTasno MMKPOKAICyIbHOE
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HapallyBaHue, KOTOPOe IIPeICTaB/IseT Co60Ii yCo-
BEpIIIEHCTBOBAHHYI0 BEPCMIO KaIlCYJIbHOTO Me-
TOOA. B oT/iMume OT KPYIHbBIX KaIlCyil, UCIOIb30-
BaBILMXCSI paHee, MUKPOKAIICY/Ibl MMEIOT MeHb-
Mit pasmMep, YTO [eaeT KpeljieHue MeHee 3a-
METHBIM ¥ CHVSKAeT Harpysky Ha HaTypaJibHble

( ¥

BOJIOCBI. DTOT METON OCOOEHHO MOAXOOUT JJis
TOHKMX U 0CJIaBJIEeHHBIX BOJIOC, ITPU 3TO obecreun-
BaeT eCTEeCTBEHHBIN BU/, U JOJITOBEYHOCTD (10 3—-6
Mecs1LeB).

[lpumep kamcyn (puc. 1) M MMKPOKAICyial
(puc. 2) mpeacTaB/ieH HUXKe.

Puc. 2. CospemeriHble MUKPOKANCYTbL
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Ene ogHO MHHOBAIMEN! CTaO yabTpaduoe-
TOBOE HapallMBaHMeE, KOTOpOe TMOSIBUIOCh Ha
PBIHKE 6YKBaJIbHO B ITOC/I€HE OAbI. DTOT METO]I
MpeArosaraeT MCIOAb30BaHME CIEeUaTbHOTO
KJiesi, KOTOPbIMi MOJMMepu3yeTcsl IIOZ, BO3Aei-
CTBMEM YJIbTPadUOJIETOBOI JaMITbl. Takast TEXHO-
jorusi obecrieynBaeT ITPAKTUMUECKM He3aMeTHOe
KperieHue, UTo JieJiaeT ee OOHO 13 CaMbIX COBpe-
MEHHBIX ¥ BOCTPEOOBAHHBIX TEXHMUK.

3.3. IHHOBaLlMOHHBIE MaTepUaJIbl

CoBpeMeHHbIe MaTepuasbl JJi9 HapallMBaHUS
BOJIOC TAKKe MpeTepIie/iy 3HAUUTeIbHbIE U3MEHEe-
Husg. Eciu paHbIle MCIOAb30BAJINCH [elleBbie
asuaTcKue BOJOChI, KOTOPbIE YaCcTO MOIBEPTAIUCH
arpecCMBHOMY OKpPalIMBAHUIO, TO CETOMHS Tpes-
TOUTeHYe OTAAETCS MPeMMUAIbHBIM CJIaBSIHCKUM U
JIeTCKMM BOJIOCaM. JTU MaTepuasbl OTINYAIOTCS
BBICOKOV AOJNTOBEYHOCTBIO U €CTeCTBEHHOCTHIO,
YTO JelaeT UX UAeaJTbHbIMU JIJISI HapaliMBaHUS.

KepaTtuH, KOTOpBINi paHee ObUI [IOCTyIEH
TOJIbKO B TPO3PayHOM BUe, CEroHs BbIITyCKa-
eTCsl B Pa3/IMYHbBIX LIBETAX, UTO ITO3BOJISIET JIyyYlle
MacKMpPOBaTh KariCylabl Ha Bonocax. CoBpeMmeH-
HBIii KepaTUH 60Jj1ee IPOYHbIT, HO IIPU 3TOM JIETKO
yOaaseTcss C MOMOIIbIO CHelUaJbHbIX CPeACTB,
YTO MUHUMM3IUPYET PUCK TOBPEXIEHUS HaTy-
pajbHBIX BOJIOC.

Kpome TOro, TexHoOnmOrMu OKpauIMBaHUS OO-
HOPCKMX BOJIOC 3HAYUTEIbHO YAYUIIWINCh: OaxKe
OCBeTJ/IEHHBIE JI0 OJIOH/IA BOJIOCHI COXPAHSIIOT CBOE
KauecTBO OJyiarofiapsi UCIOAb30BAHUIO XOJOIHBIX
TEXHUK ITPOMBIIIUIEHHOTO OKPallIMBaHUSI.

3.4. Bansinne TeXHOJIOTMUYECKOro mporpecca
Ha J0JITOBEYHOCTh ¥ KAUeCTBO HapalluBaHUS

TexHOMOrMYECKUI TPOrpecc CyleCTBEHHO M0-
BJIMSIJT HAa TOJITOBEUHOCTh M KaueCcTBO HapalluBa-
Hus Bosioc. COBpeMeHHble MeTOIbl, TakKMe Kak
MMKPOKAIICYJIbHOE U YIbTpaduosieToBoe Hapamim-
BaHMe, 00ecreuuBaloT 0ojiee MJIUTEIbHbI CPOK
HOCKU (IO 6 MecCslleB) U MUHUMAJIbHOE BO3[eii-
CTBME Ha HaTypaJbHble BOJIOChI. Bec mpsaeit
TakKe YMEeHbIIWJICS: eC/IM paHbllle CTaHZapTHas
Npsiab Becuiia 1 rpaMm, TO CerofHs UCIOAb3YIOTCS
npsau Becom 0,6 rpamma (ctaHmapTHbie), 0,4
rpaMmma (MuKpo) 1 gaxe 0,2 rpamMMa (HaHO). JTO
IejaeT HapaliyBaHue O6ojiee KOMMOPTHBIM U
€CTeCTBeHHbIM.

Kpome TOro, M3MeHWINCh CIIOCOOBI pacipene-
JleHUs1 psifgoB Bosioc. KackamHoe HapalivBaHMe,
KOTOpOEe CerofiHsI HaXOAUTCS Ha MMKe TOMySIPHO-
CTU, TIO3BOJISIET CO37aBaTh 60Jiee eCTeCTBEHHbIN U
06beMHBI BUI. ITO 0COOEHHO BaKHO, TaK Kak
KJIMEHTHI B HACTOsIIlee BpeMsl BCe OOJIbIIe IeHST

HE3aMEeTHOCTb ¥ eCTEeCTBEHHOCTb B HapalleHHbIX
BOJIOCAX.

4. 3akiaoueHue

VHaycTpusl HapallMBaHMUS BOJOC HAXOMMUTCS
Ha TIOpOTe 3HAUNUTENbHBIX M3MeHEeHMI, 00yC/I0B-
JIEHHBIX Pa3BUTUEM TEXHOJIOTMII ¥ MaTepuasoB.
CoBpeMeHHbIE METOIbI, TakKuMe KaK MMKpOKaIl-
CY/IbHOE U Y/IbTpaduoieToBoe HapallluBaHue, yKe
CEerofHs JeMOHCTPUPYIOT BbICOKMIT YPOBEHb eCTe-
CTBEHHOCTH, [JOJITOBEUYHOCTH U 6€30IaCHOCTH.

VIHHOBaLIMOHHBIE Pa3paboTKM B 06/1aCTY Hapa-
IIVIBaHMST BOJIOC MMEIOT OTPOMHOE 3HAUeHue IS
JaJbHeIIero pasBuTus MHAycTpuu. OHU MO3BO-
JISTIOT PeIUTh KITIoUeBbie IIPO6IeMbl, CBSI3aHHbBIE C
BUIMMOCTBIO KpeIUIeHUi, MOBpeXIeHreM HaTy-
pPalbHBIX BOJIOC ¥ OTPAaHMUEHHON IOJITOBEUHO-
CTBIO TPAAMUIIMOHHBIX METOIOB.

[T MacTepoB U CaJIOHOB KPAacOThI afgarrTaliys
K OYOyIIuM M3MEHEeHUSIM B MHIYCTPUM Hapaliu-
BaHMS BOJIOC SIBJISIETCS KITFOUEBBIM (hakKTOPOM IIPO-
(eccronanbHOro passutus. iMm Heo6X0AMMO I10-
CTOSTHHO 00YYaThCs U CJIEAUTH 32 HOBBIMU TEXHO-
JIOTUSIMY Y METOIAMMA.

[TpoxokmeHue KypcoB TOBBINIEHNS KBaaudu-
Kaly y BeOYIIMX SKCIEPTOB, M3yUueHMe HOBBIX
METOJIMK (HarpyuMep, CKPBIThIX KalCyJbHbBIX TEX-
HUK WU YIbTPadMoIeTOBOro HapallyuBaHMsI) 03-
BOJIUT OCTaBaThCSI B TPEHIE U MpeJjlaraTh KIVeH-
TaM CaMble COBpeMEeHHbIE YCITYTH.

Kpome Toro, crenyanucraM BaKHO MHBECTU-
pOBaTh B KaueCTBEHHbIe MaTepuasbl. VcIonb3o-
BaHMe MPEeMMUATbHbIX CJIABIHCKUX U JETCKUX BO-
JI0C, a TaKKe OTKA3 OT YCTapeBIIUX VI BPEAHbIX
TEeXHOJIOTUIA (TaKuX, KaK JIEHTOYHOe HapallyBa-
HJM€e) TIOMOTYT COOTBETCTBOBATh OXXUIAHUSIM K-
€HTOB, KOTOpbIE IIEHST He TOAbKO 3CTETUKY, HO U
6e30ITacHOCTb.

Takum o6pasom, Oymyllee HapallMBaHUS BO-
JIOC CBSI3aHO C HEMPEPbIBHBIM Pa3BUTUEM TEXHO-
JIOTUIi, MATepUasoB U MTOAXOI0B K OOCTYKMBAHUIO
K/IMEeHTOB.
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PROSPECTS FOR THE DEVELOPMENT OF HAIR EXTENSION
TECHNOLOGIES: INNOVATIVE MATERIALS AND METHODS

Abstract. This article explores the prospects for technological advancements in the hair extension industry, with
a focus on innovative materials and methods. It examines key stages in the evolution of hair extension techniques,
from traditional approaches such as tape-in and weft extensions to modern technologies, including microcapsule
and ultraviolet (UV) hair extension methods. Special attention is given to the impact of technological advancements
on the durability, natural appearance, and safety of hair extensions.

The article also analyzes promising directions for industry development, such as the integration of biotechnolo-
gies and the use of environmentally friendly materials. The potential benefits of biodegradable keratins, which could
serve as the foundation for future innovations, are considered.

The practical value of the research lies in providing recommendations for stylists and beauty salons on adapting
to future industry changes. Strategies such as continuous education and investment in high-quality materials are
proposed.

This article will be of interest to beauty industry professionals, materials science researchers, and a broad au-
dience interested in contemporary trends in hair extensions.

Keywords: hair extensions, hair, technologies, materials, keratin, scalp, ultraviolet hair extension, microcap-
sule hair extension.
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