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PA3PABOTKA BAKEHZI-KOMIIOHEHTA /14 CUCTEMbI YYETA
JIABOPATOPHOI'O ObOPYAOBAHHUA C MOAYJIEM YBEJOMJIEHUN
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KiroueBbie c10Ba. ABTOMaTU3UPOBAaHHAs CUCTEMA y4€Ta, O3KEH-apXUTEKTYPA, yBEJOM-
nenusi, REST API, uuTerpauus c npuioKeHUeM.

Keywords. Inventory management, backend architecture, notifications, REST AP],
application integration.

lleHTpa/M30BaHHbIN 03KeH[J U JeTaausupoBaHHble APl He06X0AMMBbl J1 TOrO, YTOOBI
NpUJIOKEHUEe B peajJlbHOM BpeMeHHM OTpakaJslo CTaTyC 000py[0BaHMs, [103BOJISJIO BbINOJHATH
JleICTBUSI TEXHUKOB W IOJIy4aso NpejAcKasyeMble YBeJOMJIEHUSI O NMPeACTOosALEeM 06CIyKHUBa-
HUU. KOppeKTHOe NPOeKTUPOBAaHKE BJIMsSIEeT HA KOHCUCTEHTHOCTD JJAHHBIX, MaclITabUPyeMOCThb
CUCTEeMBI U Npe/iCKa3yeMyl0 [JOCTaBKy COOOILleHHWHA BO BCe TpebyeMble KaHaJlbl, BK/IK4Yas Ha-
TUBHbIE push-yBegoMieHus npunoxenus [1].

Lesib paboThl - pa3paboTaTb 63KEeH/I-KOMIOHEHT, OPUEHTHPOBAHHBIA HA UHTETPALUI0
C MPUJIOKEHUEM, KOTOPbIM LieHTpPaIu3yeT YUYET 060PyZ0BAaHUS U HCTOPUI TEXHHUYECKOTO
o6cayxkuBanus (TO), peanusyeT npaBuJa NJAaHUPOBAHUS U TPUTTEPHOU reHepaldu COObI-
THUH, TapaHTUPYeT HAZEXHYIO JJOCTaBKy YBeJJOMJEHUHN B IPUJIOKEHUE U BHELUIHUE CUCTEMBI
U npepocTasiseT yao6HbIM U 6e3onacHbii REST/GraphQL API u SDK puss 6bicTpoil MHTE-
rpanyu KJIMeHTCKOr0 MPUJIOKEeHUS.

Marepuan 1 Metoapl. [IpoeKT OoCHOBaH Ha NPUHLMIAX MUKPOCEPBUCHOW U COOBITHIHO-
OPUEHTHPOBAHHON apXUTEKTYpPbl C SIBHO OMHCAHHBIMH KOHTPAKTaMH JJjis1 MOOWJIBHOTO U Be6-
K/MeHTa. [l/1s1 cepBUCHOM JIOTMKH paccMaTtpuBaroTcs Spring Boot nin Node.js, /11 XxpaHeHus ciipa-
BOYHHKOB U BpeMeHHbIX psifioB — PostgreSQL. Bpokep coobiienuit (RabbitMQ wiau Redis Streams)
MCIOJIb3YeTCsl 11 0OMeHa COOBITUSMM M aCUHXPOHHBIX 33jad. /[l pacnycaHuil NpUMeHEH job-
mweiaynep (Quartz wam cron-nogo6HBIN cepBuc). Moay/ib yBeAOMJIEHUN POEKTUPYETCS 10 aJjai-
TepHOMY IIa6JIOHY, YTO 0GecredyrnBaeT NOAK/II0UYeHre HaTUBHOro push, email, SMS u webhooks ue-
pe3 enuHbId MHTepdeiic noctaBKkU. KoHTpakTh! onrcanbl B ¢opMaTe OpenAPl, nmpesycmoTpena
noagepxka WebSocket/SSE fi/111 ByHanpaB/ieHHOM CUHXPOHU3ALUU C TPUJIOKEHHEM.
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Pe3yabTaThl U UX 06CyKAeHMe. B npouecce npoekTupoBaHusa 6bL1a cGOpMUPOBaHa Je-
TaJIM3UPOBaHHAsA apXUTEKTypHas MOJeJib, KOTopas pasjesisgeT QyHKIMOHAJbHble KOMIIOHEH-
Thl CUCTEMbI Ha HECKOJIBKO B3aUMOCBsI3aHHBIX CePBUCOB. Kax/iplii U3 HUX OTBeYaeT 3a onpe/e-
JIEHHBIN y4acTOK GU3HEeC-JIOTUKU:

e yIpaBJieHUe CIPaBOYHUKAMH 000py/10BaHUS;

® [JIAHMPOBaHUE U KOHTPOJIb 06CIy>KUBaHUS;

e BeJ/leHUe UCTOPUU ollepauui, GopMUpoBaHMe yYBeJOMJIeHUH U obecriedeHUe aBTOPU3a-
LJMY [10JIb30BaTeJIeH.

Takoe pasfesieHHe MNOBbIIAET THOKOCTb M MaclITAOUPYyeMOCTb CHUCTEMbl, YIpOLAeT
JasbHelllee pa3BUTHUE U alallTallyI0 10, U3MEHSII0LIMecs] TPe60BaHUsI IPUIOXKEHUSI.

Ocoboe BHMMaHUe yJejleHO MeXaHU3My UHTerpalyu C N0J1b30BaTeJbCKUM MPUIOXKEHH-
eM. Peasin3oBaHbI npoleccel XpaHeHUs1 M aKTyaluM3aldyi push-TOKeHOB, YTO N03BOJISIET CHUCTe-
Me KOPpPEeKTHO [JOCTaBJATb YBeJOMJIEHHA Ha yCTPOMCTBA I0JIb30BaTeJiell He3aBUCMMO OT HUX
maTdopMbl. B apxuTekType npefycMoTpeHbl MeEXaHU3MbI IO TBEPXKIeHHUs JOCTABKU CO0b11e-
HUM U UX JeAyIJIMKaLMU, YTO UCKJII0YaeT NOBTOPHYIO OTIPABKy OJWHAKOBBIX yBeJLOMJEHUHN U
NOBBIIIAET CTAOUJIBHOCTb N10JIb30BaTEJbCKOr0 omnbiTa. KoHTpakTel APl onucaHbl B OTKPBITOM
dbopmMmare, 4TO 06ecneyrBaeT Mpo3payHoe B3aUMOAeNHCTBHE MPUIOKEHUSI C CEPBEPHOM YaCThIO
Y yIpollaeT UHTeTrpaLuio ¢ ApYyruMHu MOAYJISIMU 9KOCUCTEMBI.

Mopay/sb yBejoM/IeHUI CIIPOEKTHPOBAaH KaK YHHUBepCaJbHbIM KOMIIOHEHT, N0 epKUBa-
IOIMHM pas3/iMuHble KaHaJbl CBSI3U — OT push-coobiieHUid U 3J1eKTPOHHON MOYThl 0 SMS u
webhook-untepdeiicos. [l1s1 06ecriedeHUs1 HALEKHOCTH IPUMEHSIIOTCSI MEXaHM3Mbl IOBTOPHOM
NONBITKU JOCTAaBKU C 9KCIIOHEHLUAJbHOUN 33/leP>KKOM, UTO CHUXKAET BEPOSITHOCTh NMOTEPHU CO-
00IlIeHUHN IPU BpeMEHHBIX C60s1X BHEIIHUX MpoBakaepoB. 06paboTKa MacCOBbIX PacChlIOK pe-
aJIN30BaHa MIaKeTHO, C yYETOM JIMMUTOB Ha 4aCTOTY OTIPABKH, UTO MO3BOJIET COXPAHATH CTa-
OGUJIbHOCTb Pab0Thl NPUJIOKEHUS JaxKe IPU 60J1bLIOM 06'bEMeE YBeJOMJIEHUH.

B mpoekT Takke 3asioKeHA MoAjepKKa odJaliH-pexxrMa npuiokeHus. st aToro npeny-
CMOTpEeHbI UJIEMIIOTEHTHBIE ONlepali U COObITUIHASA CUHXPOHHM3alMsl, N03BOJIAILIYeE [10/1b30Ba-
TeJII0 PaboTaTh C CUCTEMOMU Jjaxke IPU HECTAOUJIBHOM COeIMHEHUH, @ IPH BOCCTAaHOBJIEHUH CETH —
KOPPEKTHO CHHXPOHU3UPOBATh JaHHble 0e3 MOTepH LeJOoCTHOCTH. Takoil mozaxoJ, MOBBIILIAET
HaZI&KHOCTb U YJ06CTBO UCI0JIb30BaHUs IPUJIOXKEHUS B Pea/IbHbIX 3KCILIyaTallJMOHHbIX YCI0BUSIX.

Cpeay K/I104eBbIX PUCKOB NPOEKTHUPOBAHUSA BblJEJAKTCA: 3aBUCUMOCTb OT BHEIIHUX
SMS-npoBaiijepoB, BO3MOKHble OrpaHUYEHUsI IPU MacIITabUPOBAaHUU OGpPOKepa COOBIeHUN
npu 60JIBLIOM KOJIMUECTBE 06CAYyKHBAEMbIX 00'bEKTOB, a TaKXXe HEOOXOAUMOCTb KOHTPOJISA
32 06'bEMOM JIOTOB.

J1e cHUKeHUs 3TUX PUCKOB MIpe/iJI0KeHbl C/e/lyI0liue apXUTeKTypHble Mepbl:

1) BBejeHUeE aANTEPHOTO CJ05 JOCTABKY;

2) cTporas KOHTpPaKTHas BaJUAaLys B3aUMO/JeNCTBUS CEPBUCOB;

3) peasu3anus MexaHU3MOB POTALlUU U apXUBUPOBAHHUA KypPHaJIOB COOBITHM.

Takue pelleHUsl CO3[a0T YCTOWYMUBYIO OCHOBY JJIs1 JajIbHEHIIero pasBUTHUA CUCTEMBI U
€€ KCIJTyaTaly B IPOMbILIJIEHHBIX YCIOBUSIX.

Be3zonacHOCTh B3aUMOAENCTBHSI KOMIIOHEHTOB SIBJISIETCS OJJHUM U3 LIeHTPa/IbHbIX aCleK-
TOB MPOEKTUPOBaHUsA. AyTeHTHPHUKAIMS MOoJib30BaTesel peasusdyeTcss Ha ocHoBe JSON Web
Token (JWT), uTo obecnieyrMBaeT HaJIEXKHYI0 U MaCUITabUpPyeMyl0 MoJesb KOHTPOJIS AOCTyna.
Jlono/IHUTEeNIbHO NpefyCMOTPEeHa BO3MOXKHOCTbh MHTErpalidd C BHEIIHHMH CepBUCAMH 4Yepe3
npoTtokos OAuth2, yTo pacuiMpsieT BO3MOXHOCTHU MOJAKJ/II0UYEHUs] KOPIIOPAaTUBHBIX K 06pa3oBa-
TeJIbHBIX CUCTEM.

Jis 3a1UThl KaHAJIOB Mepefjayd AaHHbBIX BCe CeTeBble B3aUMOJAEHCTBUS WHPPYIOTCA C
HcroJyib30BaHUueM mpoTokosia TLS, a Bxoasamume webhook-3zanpocer nmognuceiBatorci HMAC-
KJII0YOM, YTO TapaHTHpyeT NOJJUHHOCTb UCTOYHHUKA COOOLeHUH. B npuioxkeHuu ncnosib3yeT-
¢ MoJieJlb MUHHUMaJIbHBIX NIPaB JOCTYIA: [10J1b30BaTe/I0 IPeJ0CTaBJ/ISAIOTCS TOJbKO Te paspe-
[IeHUs], KOTOpble He0OX0AMMBbI /151 BBINOJHEHUS ero 33/a4. Bce kpuTnieckre onepauuu Qpuk-
CUPYIOTCSI B KypHaJie ay[yTa, YTO MO3BOJISET MPOBOAUTD MOCJAEAYIOLIMNA aHaIM3 U Paccaeso-
BaHHe UHIM/IEHTOB.
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API-1u103 BBINOJIHAET POJib LIEeHTPaJbHONM TOYKM KOHTPOJISI 6€30MacCHOCTU U MOHMUTO-
pUHra, obecreyrBas e/jiHble NIpaBU/a ayTeHTUPUKALMY, TUMATHPOBAHUE YaCTOThI 3allPOCOB
Y LleHTPa/IM30BaHHOeE JIOTMpOBaHue. /|1 yIpoLleHUs UHTerpalyy ¢ KJIMEHTCKUM MPUJIOXKEHU-
eM paspaboTaH SDK, koTopblii aBTOMaTHU3UPYET PErUCTPAIMI0 YCTPOUCTBA, 06pabOTKY TrJ1y6o-
KHUX CCbLJIOK U 0obecleuyuBaeT YCTOMYMBYIO CHHXPOHHU3ALUIO JAHHBIX B Cyyae BpeMeHHOH No-
TePU COeJJUHEeHHUs. ITO CO3JaéT HaAEXKHbIH QyHJaMeHT [ii1 6e30MacHOTO U INpeJCKa3yeMoro
B3aMMO/IeCTBUA MeXAy NPUJI0KEHUEM U CepBEPHOM 4acCTblO, YTO OCOGEHHO BaXKHO NP IKC-
IJIyaTalluy CUCTEMbI B pacnpeie/iéHHOM cpege [2].

3axiuo4yeHnue. [IpensoxkeHHass apXUTeKTypa O3KeH/-KOMIOHEHTAa OpHEeHTUpOBaHa Ha
NpsAMYI0 U GBICTPYIO MHTETPALUIO C IPUJIO)KEHUEM U 0OecrieduBaeT LieHTPaJM30BaHHbIN YUéT,
rubkoe miaHupoBaHue TO M HaAEXKHYI JOCTAaBKY yBeJoMJieHUH. [[pOEKT yMeHbIIAET CJI0XK-
HOCTb KJIMEHTCKOHN 4acTH, 06ecliedyMBaeT MaclITabUPyeMOCTb U 6€30MaCHOCTb CUCTEMBI U TO-
TOB K IIO3TAIHOU UHTETPAaLYH C CYLeCTBYIOIIUMHU NPUI0KEHUSMHU U BHEIIHUMHU CEPBUCAMH.
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Research Objective. The objective of this study is to develop and implement algorithms for
calculating the trajectories of executive tools based on the kinematic analysis of Assur groups,
ensuring high precision and efficiency in the motion control of computer-aided design (CAD)
systems. In the modern design of complex mechanisms, a critical challenge is the creation of
mathematical models capable of accurately predicting the motion of executive elements and
optimising their trajectories. The proposed approach is grounded in the block principle of
analysis, wherein complex mechanisms are decomposed into Assur groups—significantly
simplifying the solution of kinematic and dynamic problems.

Material and Methods. Trigonometric formulae were employed to determine point
positions; numerical methods were used to solve systems of nonlinear equations; and the block
principle was applied to analyse mechanisms as assemblies of Assur groups.

Results and Discussion. The foundation of the developed algorithms is a mathematical model
comprising a system of equations and procedures describing the kinematics—position, velocity, and
acceleration—of executive mechanism elements. The core components of the model include:

Kinematic Component:

- position equations for points expressed in terms of geometric parameters and
rotational angles;

- algorithms for calculating velocities and accelerations using trigonometry and differentiation.

Under the block principle, complex mechanisms are partitioned into Assur groups, each
analysed independently. Figure 1 illustrates the kinematic diagram of a crank-slider mechanism
in a Cartesian coordinate system.

The sequential analysis procedure for a crank-rocker mechanism is as follows:

- First, the Class I group (driver link, the crank) is analysed;

- results are then transferred to the Class II group for subsequent calculations.
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