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Peztome. B crtathe paccMaTpuBaeTcs pa3pabOTKa HOBOIO IOAXOAA K XPaHEHUIO U OpraHM3aluu
pe3ynbTaToB J1a00paTOPHBIX OMBITOB C YYETOM CHENU(PHUKHA HX Hocienyromeid obpaborkm. s
peLIeHNs TTOCTABICHHON 3a7auil J1abOpaTOPHBIE OIBITHl PACCMAaTPUBAIOTCS KAK CTPYKTYPHUPOBAHHBIC
JaHHbIE C HECTPYKTYpUpPOBaHHBIMH dacTsMu. Ilpu paspaboTke cucTeMbl Oblia MpOaHATU3UPOBaHA
cnenuguka XxpaHeHus: 1 00padOTKHU AaHHBIX JIAOOPAaTOPHBIX UCTIBITAHUH, TTIOCIIE Yero c(hOpMYITHPOBAHBI
OCHOBHbIE TpeOOBaHM K cUCTeME. bblin onpenenensl OCHOBHbBIE MOJIENH JAHHBIX, & TAK)KE CYIIHOCTH
0as3pl. [yis XpaHEHUs CTPYKTYPHUPOBAHHBIX JaHHBIX BBIOpaHA CTaHJAPTHAS PEJSAIMOHHAS MOJIENb
JAHHBIX, & XpaHEHHE HECTPYKTYPUPOBAaHHON WHQoOpManuu (Takoil Kak pe3yslbTaThl OMbITa WU
mapaMeTpel OmbITa) peanm3oBaHo deped mone BJSON. Jlns pemeHus 3amadu  oOecriedeHUs
3aIIUIIEHHOTO JIOCTYTA, a Takke co3manus APl s cucremsl ObUT BEIOpaH aCHHXPOHHBIN (PEeHMBOpPK
FastAPI. Taxke paccMOTpeHa peanu3alusl XpaHEHUs JOTOIHUTENBHBIX (ailJIoB OMBITa, KOTOpBIE
HaxoIATCsI B OOBEKTHOM XPAHWJIMILE M CBS3BIBAIOTCS C OMNBITOM B PEJISLMOHHON MOAENIH dYepe3
JOIOJTHUTENBHYIO CYIIHOCTh. [IpeacTaBIeHHBIH MOAX0 OTIAMYACTCS! CBOSH I'MOKOCTBIO K CTPYKTYpe
XpaHUMBIX JIAOOPATOPHBIX OIBITOB, YYWTHIBACT CHENHM(UKY TEOJOTHYECKHX JIaOOpaTOPHBIX
UCTIBITAHUHM, a TaKKe NPEIOCTaBIsIeT BO3MOXKHOCTH JUISI KOMIUIEKCHOTO MeTaaHaiu3a OOJIBIINX
00beMOB JaHHBIX. CHcTemMa ObUla MPOTECTHPOBaHA W BHEAPEHA B TEXHOJIOTMYECKUH MpOIECcC
reorexaundeckoit madoparopuu AO «MOCTIOPTI'EOTPECT».

Knwouesvie  cnoea:  xpaHeHWe  JIaHHBIX  TIEOJIOTHYECKUX  JIAOOPAaTOPHBIX  HCIBITAHUH,
HECTPYKTypHPOBaHHBIC JIaHHBIC, CHUCTEMa XpaHEHHs pe3yJbTaTOB ONBITOB, I'€OMH(pOPMAIIMOHHAS
cucreMa, 0a3a IJaHHBIX, T€OJIOTUYECKas cpe/ia, MHPOPMAIIMOHHBIN pecypc, HH)KEHEPHAs TeOJIOTHS.
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Abstract. The article examines the development of a new approach to storing and organizing the results
of laboratory experiments with consideration to the features of their subsequent processing. To solve
this problem, laboratory experiments are considered as structured data with unstructured parts. During
the development of the system, the features of storing and processing laboratory test data were analyzed,
after which the basic requirements for the system were formulated. The main data models were defined
as well as the database entities. A standard relational data model has been chosen for storing structured
data, and the storage of unstructured information such as experiment results or experiment parameters
is implemented through the BJSON field. To solve the problem of providing secure access and creating
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an API for the system, the asynchronous FastAPI framework was chosen. The implementation of storing
additional experiment files, which are located in the object storage and are associated with the
experiment in the relational model through an additional entity, is also considered. The presented
approach is notable for its flexibility to the structure of stored laboratory experiments, takes into account
the features of geological laboratory experiments and also provides opportunities for complex meta-
analysis of large volume of data. The system was tested and implemented into the technological process
of the geotechnical laboratory at JSC MOSTDORGEOTREST.

Keywords: storage of geological laboratory experiment data, unstructured data, experiment results
storage system, geoinformation system, database, geological environment, information resource,
engineering geology.
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laboratory experiments. Modeling, Optimization and Information Technology. 2024;12(1). URL.:
https://moitvivt.ru/ru/journal/pdf?id=1495 DOI: 10.26102/2310-6018/2024.44.1.007 (In Russ.).

BBenenune

Ha coBpeMeHHOM 3Tane pa3BUTHs [€OJOTMYECKUX M3BICKAHUM KpaiilHe BakKeH BOIIPOC
XpaHeHuss U o0paboTku mHpopManmu. Co3manue 0a3 MaHHBIX, (GopManu3anus JaHHBIX U
IPUMEHEHHE KOMIBbIOTEpHOH 00pabOTKHM Jal0T M3BICKATENsIM MPAKTUYECKHE BO3MOXKHOCTHU
nepexosia K MeTaaHaJIM3y JaHHbBIX JIA0OPATOPHBIX MCIBITAHWM, YTO, B CBOI OYEpPEIb, YHKE
HO3BOJISIET KaK MPOBEPSATh OTNENbHbIE JJaHHBIE, TAK U CTPOUTh CUCTEMbI IPOTHO3HMPOBAHUS.
[pu 1ocTaTouHO aKTUBHOM pa3paboTke ri00anbHbIX reonHpopmanuonHbix cucteM (I'MC) [1-
4], HekoTOpble NPUKIAJHBIE ACMEKThI, TAKHE KaK XpaHCHHE PE3yJIbTAaTOB TI'€OJIOIMYECKHX
7a00paTOPHBIX HWCHBITAHUN, OCTAIOTCA HA JOCTATOYHO HU3KOM YpPOBHE, M 3a4acTyro
peanu3yrorcs 0e3 UCHOIb30BAHUS CUCTEMHOIO MOAXO0Ja JIOKAIBHO Ha MPEANpPUITUAX WU B
KadectBe nonosiHutenbHoro monyns s [MC [5]. Ha tekymuii MOMEHT Hjisi XpaHEHHS
(GU3MYeCKUX XapaKTePUCTHUK TPYHTOB IIMPOKO HCHOJIB3YETCS MPOTrPaMMHBIA KOMILIEKC
EngGeo [6, 7], koTophlii peanu3yeT PESIIHUOHHYI0 MOJACTh (PU3MYECKUX CBONCTB TPYHTOB.
[Tporpammuslii kommiekc EngGeo xoporio 3apekomMenioBan ce0si B KauecTBe 0a3bl JaHHBIX
(u3NYECKUX CBOMCTB, HO B TO K€ BPEMs B KOMIUIEKCE OTCYTCTBYET BO3MOXKHOCTh XPaHEHMS
JTAHHBIX IO PA3JIMYHBIM ONbITAM, TAKMM KaK ONpPeeNeHHs IPOYHOCTHBIX U JIe(OpMaIlMOHHBIX
CBOMCTB, JUHAMHYECKMX CBOWCTB W JPYruX XapakTepucTtuk [8,9], ompenensiembx IO
cragaaptam ['OCT 12248.3-2020 u 'OCT P 56353-2022.

Jlig peleHus: MOCTaBICHHOM 3aaauu Obula pa3paboTaHa cHUCTEMa KOMILIEKCHOTO
XpaHEHUs JaHHBIX TEOJIOTMYECKUX JIaOOpaTOpHBIX HCHbITaHUM TrpyHTOB. Ilpnm ananmze
cneuu(uku XpaHeHHs M O0OpaOOTKM JaHHBIX HCHBITAHUN OBUTM BBIACICHBI CIEIyIOIINe
OCHOBHbIE TpeOOBaHUS K CUCTEME:

1. Hapsny ¢ XpaHeHHMEM TEKCTOBBIX JAaHHBIX pE3yJbTAaTOB OINBITOB TpedyeTcs
CTPYKTYypa JaHHBIX JUIsl XpaHEHUs TOTIOJIHUTEIbHBIX (DaliIoB OMNbITa, TAKUX Kak (ailin mpudopa,
U pa3IMYHbIE MAaCCUBHI JAHHBIX, TOJYyYEHHbIE C Mpubopa. ITo TpeOoBaHKUE CTAHOBUTCS KpaiiHe
aKTyaJIbHBIM C YYETOM BBIX0J10B HOBbIX penakuuit 'OCToB no nabopaToOpHbIM HCTIBITAHUSIM, a
TaKkXke pa3pabOTKONH HOBBIX KOHEUYHO-3JIEMEHTHBIX MOJENeH TPYHTOB M OOecledyeHus ux
BXOJHBIMH napaMerpamu. OTMbBIT MOKa3bIBa€T, YTO JUISI IOCTPOCHUS  PA3IUYHBIX
CTaTUCTHUYECKUX WJIM MPOTHO3UPYIOMIUX Mojenell Tpedyercs mojgydeHue OoJbIIoro Habopa
UCXOJHBIX JTAHHBIX, KOTOPbIE MOTJIM HE ONpPEAENAThCA paHee, U JOMOJHUTeNbHas o0padoTKa
y>K€ IIPOBEJICHHBIX OIBITOB MOXKET PELIUTH 3Ty 3a7auy.

2. Cucrema JIOJDKHA XPaHHUTh PeE3yJbTaThl PA3JIMYHBIX ONBITOB, a TaKXe HMETh
HACTOJIBKO THOKYIO CTPYKTYpPY, 4TOOBI BO3MOXKHOCTH JOOABJIEHUS HOBBIX THUIIOB OIBITOB HE
TpeOoBaI0 U3MEHEHUS O0IIEeN CTPYKTYPBHI.
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3. Cucrema JoJDKHA oOOecleynBaTh O€30MacHOE XpaHEHHWE JAHHBIX, HCKIIOYas
BO3MO>KHOCTh HECAHKIIHOHUPOBAHHBIX TIOIKITFOUCHHH.

4. Cucrema noJDKHA YYUTHIBATh U IpyTrHe 0a3bl ONBITOB, Takue kak EngGeo, B memsax
obecrnevueHns MOTyIeHUS KOMIUICKCHBIX CPE30B JaHHBIX.

5. Cucrema JOJDKHA HMETh BO3MOXKHOCTH BCTpamBaThcs B Oojiee  oOmue
reonH()OPMAIIMOHHBIC CUCTEMBI

MarepuaJbl 1 METObI

[TockonbKy pe3ynbTaThl JTa0OPAaTOPHBIX HCIBITAHHA HOCAT HECTPYKTYPHPOBAHHBIN
XapakTep, HO IIPU 3TOM cama CTPYKTypa OTHOILIEHUN ONBITOB U MX MPHUBSA30K K CKBAKUHAM U
00BEKTaM OTJIMYHO OIMHUCHIBAIOTCS B PEIIIIMOHHONW MOJIENM, B KAY€CTBE OCHOBHOW CHCTEMBI
ynpasienus 6azamu ganabix (CYBJ) s XpaHeHus pe3yIbTaToB J1aOOPaTOPHBIX MCIIBITAHHIMA
osuta B3sita CYBJ] PostgreSQL. TlpeumymecrBamu mgannoii CYBJ]| sBisercs mopmepikka
TpaH3aKLUWN, HATMYKE MOJIeH Al HECTPYKTypupoBaHHbIX AaHHbIX BJSON ¢ BO3MOKHOCTBIO
MOKPBITUSl MHJIEKCAMH TI0 KIF0YaM, a TaKXKe YIOBICTBOPUTEIbHAS IMPOU3BOJUTEIBHOCTH
otHocurenpHo NOSQL CYBJ] MongoDB [10].

JUisi MCKITFOYEHUS] TPAaH3UTHUBHON (DYHKIIMOHAIBHOW 3aBUCHMOCTH W HOPMAJIM3aLUU
0a3bl 10 HOpManbHOM opmbl boiica-Koana Obuin BeIENIEHBI 5 OCHOBHBIX CYIIHOCTEH: 00BEKT,
CKBa)KMHA, 00pa3ell, OMBIT U TUI ONBITA. J[JIs MOAIEeP)KKH COBMECTUMOCTH CHCTEMEBI ¢ 0a30i
EngGeo ynukanbHble HIEHTU(GUKATOPHI OOBEKTOB, CKBAXHUH M 00pa3lOB Ha3HAYAIOTCS
MOJIb30BaTEJIEM U JOJDKHBI COBIAIATh C aHAIIOTMYHBIMU HAeHTU(UKaTopamu B Oaze EngGeo.
CBs3p MeXIy onbiTaMu M 00pasllaMu OCYIIECTBISETCS Kak MHOrHe K oaHomy. Cxema
peTSIMOHHON MOJIeu MpecTaBiieHa Ha Pucynke 1.

o I o

param_id & object_id 20 borehole_id £ 0

t numbe

title description & S

L= o

file_id 2

test_id £ sample_id 2 D

test_type_id 2
test_type

ption &)

Pucynoxk 1 — Cxema penssiuoHHON MOEITH JaHHBIX
Figure 1 — Diagram of the relational data model
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Jnst peanmu3anuu cepBuca JOCTyna K 0a3e JaHHBIX ObLI UCIONB30BaH (hperiMBOpK
fastapi. /lanublit BIOOp 00YCJIOBJICH BBICOKOW CKOPOCTHIO Pa3pabOTKH M YHTACMOCTBIO KO/
JTaHHOTO ()peiMBOpPKA, aCHHXPOHHOW pealu3alyeil, a TakKe BO3MOXXHOCTHIO BaIUIAIllUH
JTaHHBIX Ha ypoBHe mpumoxeHus [11]. Ilockonbky oOHoBieHue mosns BIJSON mpoucxoaut
MOJTHOCTHhIO, Ha YPOBHE NPUJIOKCHHUS OIepanusi OOHOBJICHHS pealn30BaHA KaK BHECCHUE
JIOTIOJTHEHUH WJIM OOHOBJICHHUS JaHHBIX BHYTpH 1oJiss BJSON 1o cooTBETCTBYIOIUM KITFOUaM:

async def update(self, test_id: int, test_data: TestUpdate) -> tables.Tests:

test_params = test.test_params

test_results = test.test_results

data = test_data.to_dict()

if data.get(""test_params"”, None):
test params.update(data["test_params"])
data["test_params'] = test_params

if data.get(""test_results"”, None):
test_results.update(data["test_results"])
data["test_results"] = test_results

g = update(
tables.Tests

).where(
tables.Tests.test_id == test_id

).values(

**data

Peanuzanus xpaHeHUs JOMOTHUTEIbHBIX (PaliIOB MPOUCXOIUT C TOMOIIBI0 00BEKTHOTO
XPaHWININA U TOTOJHUTEIHLHON CYITHOCTH (HAIOB, coaepsKaiieil Kiod ¢aiia B 00bEKTHOM
XpaHWJIMILE U PEaTN30BaHHONW OTHOIIEHHEM MHOIOE€ K OJHOMY B PEJSILMOHHON MOJEIH.
[Tockonpky OJHUM W3 TpeOOBaHHUI K CHCTEME SIBJIIETCS pa3rpaHUuYEHUE JIOCTyIa, TO CBS3b
MEXIYy I0JIb30BaTeNieM M OOBEKTHBIM XPAHWIMIIEM JIOJDKHA OCYIIECTBIIATHCS dYepe3
npuiokeHue ¢ cokpeitheM aaHHbIX 0 URL u umenu OGakera. s 3TOro B HpUIIOKEHUU
pean30BaHa 3aBUCUMOCTD JUIl aCHHXPOHHOTO JIOCTYTa K 00BEKTHOMY XpaHHJIHUIILY:

from aiobotocore.session import get_session

class S3Service:
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def __init__(self, client):
self.client = client
async def upload(self, key: str, data: bytes):
return await self.client.put_object(
Bucket=configs.bucket,
Key=Kkey,
Body=data
)
async def delete(self, key: str):
return await self.client.delete_object(
Bucket=configs.bucket,
Key=key
)
async def get(self, key: str):
return await self.client.get_object(
Bucket=configs.bucket,
Key=key
)
async def get_s3_service():
session = get_session()
async with session.create_client(
's3',
endpoint_url=configs.endpoint_url,
region_name=configs.region_name,
aws_secret_access_key=configs.aws_secret_access_key,
aws_access_key id=configs.aws_access_key id
) as client:

yield S3Service(client)

5(9



Moz(e.lmponalme, onTUMM3aANUA U I/IH(l)OpMaIIPIOHHLle TEXHOJIOruH /
Modeling, optimization and information technology

2024;12(1)
https://moitvivt.ru

[Tockonbky cucTreMa JODKHA UMETh BO3MOXKHOCTh OOMEHA JaHHBIMH C Pa3IMYHBIMU
reonH()OPMAIIMOHHBIMUA CUCTEMAaMH, B TIPHIIOKEHUE J00aBIICH cepBuc ¢ peanusanueir REST
API. [Ins ynoBieTBopeHus TpeOoBaHUSAM 0€30MacHOCTH J100aBIeHa MOIIEPKKA aBTOPU3AIIIHT
yepe3 JWT-Token. O0mas cxemMa CUCTEMbI XpaHEHUsl Pe3yJIbTaTOB OIIBITOB I€0JIOTMYECKUX
WCTIBITAHUH TIpeACcTaBiieHa Ha PucyHke 2.

Jiis ynoOcTBa mpocMoTpa HHPOPMAITUH TI0 COXPAHCHHBIM Pe3yJIbTaTaM HCIIBITAHHM, a
TaKKe I JIOCTyNma K 3arpykeHHbIM daiinam, nmomumo API, B cuctemy noOaBieH BeO-
uHTEepdeEiic 1 NpocMOTpa TaHHBIX J1a00paTOpHbIX HcnbITanuil (Pucynok 3).
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\
API NABOPATOPHbBIX ]Q
\
\
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API ®AANOB }//
/

K3WWPOBAHUA
3ANPOCOB
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PEANW3YET ACWHXPOHHbIA API C
IWT-ABTOPU3ALMEIA NONb3OBATENSA

[
[ " e
[
[

/
API ABTOPW3ALMK ]/ J

HTTP-cepBep
(NGINX)

.

NONb30BATEND

Pucynox 2 — O6miast cTpyKTypa CUCTEMBI XpaHEHHSI TAHHBIX J1a00paTOPHBIX UCTIBITAHUN
Figure 2 — General structure of the laboratory test data storage system

ObvexTyl
Howmep oBLeTa Onucarive

PesynsTatei Dains
nH Napasterpu

Pucynok 3 — BeG-unrepdeiic a1 npocMoTpa JaHHBIX JIAOOPATOPHBIX UCIBITAHUN
Figure 3 — Web interface for viewing laboratory test data

PesyabTarsl

Ha TeKYHHﬁi MOMCHT CHUCTEMa KOMINJICKCHOTO XPaHCHHA JaHHBIX TI'COJIOTHYCCKUX
Ha60paTOpHLD( HUCIIBITAHUN SBIISICTCS OCHOBHOM CHCTEMOM XpaHCHUA U aHAJIUTHYECKOM
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00pabotku saboparopHsix omnbiToB B kommanuu AO «MOCTIOPI'EOTPECT». OmbiT
MPAKTUYECKOTO UCTIOIH30BAHUS CUCTEMBI TOKA3bIBACT, YTO COBPEMEHHBIE METO/IBI XPAHCHUS U
00pabOTKM JaHHBIX TO3BOJSIOT CO37aBaThb J(PQPEKTUBHbIE KOMIUIEKCHBIE CHUCTEMBI [T
XpaHEHUsl JTaHHBIX JTAOOPATOPHBIX TEOJIOTUYECKUX WCIBITAHUA C y4eTOM HUX CHElU(UKH.
W3HavanbHO opraHu3anus cucTeMbl pa3padateiBanack kak OLAP 6e3 cepbe3HbIX TOCTOSTHHBIX
HArpy30K CJIOKHBIMH 3aIIPOCaMH, TI0O3TOMY JIOTIOTHUTEIILHBIC MHIEKCHI, KPOME aBTOMATHICCKU
co3naBaeMbix bJl PostgreSQL, He co3paBanuce.

Oo6cy:xnenune

[Ipu croxHBIX 3ampocax MO KJIYaM HeCTPpYKTypupoBaHHbBIX JaHHbIX CYBJ]
PostgreSQL mo3Bomnsier cosmaBath crnenuanusupoBaHHbld uHAekc GIN, yBenmnumBarommit
CKOPOCTh 3allpOCOB K HECTPYKTypHUPOBAHHBIM JaHHBIM. JlanmpHeillee pa3BUTHE CHCTEMBI
NpeCTaBsieT cO00i MOCTPOCHUE AaHATUTHYECKHX CEPBHUCOB JJIS MOJY4YeHUsS U 00pabOTKU
CIIOXKHBIX CpPE30B JAHHBIX, BKJIIOYAIOIIUX B ce0s Kak (QU3MYECKHe MNapaMeTpbl, TaKk H
MEXaHMYECKUE U JHHAMUYECKUE TTapaMeTphl TPYHTOB.

3akiaueHue

Texymuii aTan pa3BUTH MPUKIATHBIX HAYK K TEXHOJIOTHH MTO3BOJISICT YCIICIITHO PeiaTh
Takue 3a7aud, Kak co3gaHue u obcmykuBaHue CHUCTEMBbl KOMIUIEKCHOTO XPaHEHHUs JTaHHBIX
TeOJIOTUYECKNX Ja0OpaTOPHBIX HCHBITaHWNA. B pabore OBLIM ONpenencHbl OCHOBHBIE
TpeOOBaHUSI K CHCTeMe, BBIOpaHBI OCHOBHBIE MOJIENM XpaHEHHsS HaHHBIX. B mporiecce
TECTUPOBAHUS CHCTEMBbI OBUIM TIONYYEHBI PE3yJbTaThl PabOThI, YIAOBIETBOPSIONINE
COBPEMEHHBIM MOTPEOHOCTAM XPaHEHUS U 00pabOTKU aHHBIX. BbIOOp pensanoHHON MOAETH
MO3BOJIMJI  MOJYYUTh HOPMAJIM30BAaHHYIO CTPYKTYpy JIaHHBIX, a JOIOJIHUTEIhHBIC
Bo3MoxkHOCTH CYBJl PostgreSQL no xpaHeHHIO HECTPYKTYPUPOBAHHBIX JAHHBIX MMO3BOJIHIN
n00aBUTh B CHCTEMY TaKWE JIaHHBIC, KaK pPe3yJbTaThl TI'COJOTUYCCKUX HCIBITAHUN, C
BO3MOXXHOCTBIO UX OOHOBJICHHSI 0€3 U3MEHEHHUS OCHOBHOM CTPYKTYPHI JaHHBIX.

Ucnons3zoBanne acuHxpoHHoro ¢peiiMBopka FastAP| mo3BOMMIO pemuTh TaKue
3a/la4M, KaK 3alfuIIeHHbIH noctyn kK APl cucTembl XpaHeHHS JaHHBIX, a TaKXKe TOOUTHCS
BBICOKOUM TTPOU3BOAMTEIILHOCTH 00pabOTKHU 3alpoCoOB, a peaau3alus J0CTyna K 00bEKTHOMY
XpaHunuiy S3, HamucaHHas C MCMHOJb30BAaHUEM JIaHHOTO (pelMBOpKa, IO3BOJIHIIA
peaTM30BaTh B CHCTEME JIOTIOJHUTEILHYIO BO3MOXXHOCTh XPaHCHHSI JJOTTOJTHUTEIBHBIX (haiiiIoB,
TaKHUX Kak JIOT-Bailsibl mpubopa, pe3ynbTaTel 00paboTKu or-daiina u apyrue.
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