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OBIIIAA XAPAKTEPUCTUKA PABOTDI

Axmyanonocme membl ucciredosanus. Pa3Bute n nojaepxkaHue oOLIE3eMHOM
CUCTEMBI KOOPJIMHAT, OOHOBJIEHUE BHICOTHOM OCHOBBI M M3YUYEHUE M€OIMHAMUYECKUX
ABJICHH ¢ MaKCUMAaJIbHO JOCTYITHOM TOYHOCTBIO SIBJISIFOTCS aKTYaJIbHBIMU 3aJadaMu
BBICILIEH Ieo/ie3Ud. B CBSI3U C 3TUM MOBCEMECTHO BO3HUKAET HEOOXOAUMOCTh CO3/a-
HUSl U COBEPILEHCTBOBAHMS MOJIEJIEH BPEMEHHBIX Bapualluil YCKOPEHMs CUIIbI TshKe-
ctu. CoBpeMeHHbIE METOAMKH 00pa0OTKY U aHAJIU3a TPaBUMETPUUECKON HHPOPMAITHH
HE COBEPLICHHBI U UMEIOT PsIJl HEAOCTATKOB. Y YeT U3MEHEHUMN YCKOPEHUS CUIIBI TSDKE-
CTH, BBI3BaHHBIX NPUIMBHBIMU SBJICHHUSIMU U IBUXKCHUSIMHU 3€MHBIX I1OJIOCOB, B HACTO-
Aiee BpeMsi Bo3MokeH Ha ypoBHe 1 mk['ain. IIpu 3ToM HenpunuBHbIe Bapualuu, Qpuk-
CUpYyEMbIE TPY MOHMTOPUHIOBBIX HaOJIOJIEHUSX, coCcTaBisitoT Oosee 20 Mkl 'an, yTo
CYILECTBEHHO MpPEBBILIAET TPeOyeMyl0 TOUHOCTh K pe3yjbTaTaM aOCOJIOTHBIX OIpe-
JIEJIEHUI yCKOPEHUS CUIIbI TSKECTH Ha PyHIaMEHTANIbHBIX ITyHKTaX [ ocygapcTBEHHOM
dyHmameHTanbHOM  rpaBuUMeTpuueckoi cetw  Poccuiickoit  ®enepanmu  (ma-
nee — '®OI'C) B 8 Mkl an.

B pamkax rocynapcrBeHHoi nporpammbl «KocMmuueckast AesiTeabHOCTh Poccun»
peanu3yeTcss MHOKECTBO HayYHO-HUCCIIEOBATENBCKUX U ONBITHO-KOHCTPYKTOPCKUX Pa-
60t1. B yacTHOCTH, B paMKax noanporpammsl «Iloanep:xanue, pa3BUTHE U UCIIOIb30Ba-
Hue cucremsl [ JIOHACC» BenymmMy HaydYHbIMU M HAYYHO-TIPOU3BOACTBEHHBIMU OPIa-
HU3ALMsAMHU BEJIETCS OIBITHO-KOHCTPYKTOpCKasi paborta mo teme «Pa3Buthe rocynap-
ctBeHHOM rpaBuMeTpuueckoit cetn» (OKP « ' PABUKA-2030»), oqHuM 13 pa3aeioB Ko-
TOPOU SABJISIETCS N3yYEHUE BPEMEHHBIX BapUalliil yCKOPEHUS! CUJIbI TSXKECTH.

CeronHss BO MHOTMX CTpaHax BEIyTCSl UCCIEIOBAHMS T'PABUTALIMOHHOTO IOJIS
3emMild ¢ NPUMEHEHUEM COBPEMEHHOI'0 BBICOKOTOYHOTO 00OpYAOBaHMS, B YACTHOCTH
IPaBUMETPOB MPUIMBHOTO TUIA. TOYHOCTH ONpPENENICHHs] YCKOPEHUS CHUIIbI TSDKECTH
[0 pe3yJbTaTaM COBPEMEHHBIX a0COJIOTHBIX M MOHMTOPHUHIOBBIX OTHOCHUTENIBHBIX
onpenenenuil cocrapuser 2—5 Mkl 'an. IIpoBenenne KoMIuiekca MOCTOSIHHBIX HA0JIO-

I[eHI/Iﬁ a0COJIIOTHBIMH M OTHOCHTCIBHBIMH MCTOJaMH Ha BCCX (bYH}_IaMeHTaHBHI)IX
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nyHkTax ['®I'C npaktudecku Hepeanuzyemo. [IpoBeieHre MOHUTOPUHTOBBIX OTHOCH-
TENbHBIX HAOJIOJEHHH MOXKHO 3aMEHHTH HCIIOJIb30BAHHEM MOJCIIBHBIX 3HAYCHHUU
YCKOpEHHUS CUJIbI TsokecTH. CyIecTBYIONMINE 3apyO0eKHbIC METOIUKH YUeTa HEITPUITUB-
HbIX 3 (}EKTOB MpernonaraloT HUCMOJb30BAHUE PA3TUYHBIX TII00ATBHBIX MOJEeH
U CJIOXKHYI0 HEAaBTOMATHU3UPOBAHHYIO BBIYMCIUTEILHYIO 00paboTKy. BBUAY orpaHu-
YEHHOT0 Habopa MCXOMHBIX JAHHBIX, UCTIOJb30BAHHBIX 3apyOCKHBIMU UCCIIE0BATE-
JSIMU, TIOJI00HBIE TJI00AIbHBIE MOJIEIN HE YYHUTHIBAIOT JOKAJIbHbIE OCOOEHHOCTU Ha
KOHKPETHOU TeppuTopun. [103TOMy BO3HHKAET HEOOXOAMMOCTh U3yUYCHUS U yUeTa JI0-
KJIbHBIX MTapaMETPOB BPEMEHHBIX BapUallMil YCKOPEHUS CUJIbI TSKECTH Ha IMYyHKTaX
I'®I'C ¢ TouHOCTHIO HECKOJIBLKO MKI al.

B cBsiBu ¢ MM, akmyanbHocmb TUCCEPTALIMOHHOTO HCCICIOBaHMS OOYCIIOBJICHA
HEOOXOMMOCTBIO HCCIICIOBAHMSI JIOKAJIbHBIX OCOOEHHOCTEH HENPWJIMBHBIX BapHalui
YCKOPCHHMSI CHITBI TSDKECTH U Pa3paOO0TKH KOMIUIEKCHOM METOIMKHU CO3TaHMsI JJOKAJILHOM
MO/IEJIA BPEMEHHBIX BapHaIli yCKOPSHUS CHITBI TSHKECTH Ha (DyHIaMEHTATbHBIX ITyHKTaX
['orc.

Cmenenw pazpabomannocmu memsvi. B Poccun Tema ucciaeqoBanus BpeMEHHBIX
BapuallMil YCKOPEHUsI CUJIbI TSHKECTU JI0BOJBLHO HOBAa. Ee M3ydyeHueM 3aHMMAIIUCH:
bposap B. B., bposap b. B., Buxupes b. B., [lapuiickuit H. H., Ilepues b. I1., Kpamep
M. b., Kapnuk A. II., Ma3ypos b. T., bapanos B. H., CnupunonoB E. A., Kone-
moB B. H., Hemoxnonos B. b., ConosreB B. H., XKene3nsak JI. K., Muxaiinos II. C.,
INanaruna U. I'., Kanymmna B. @., I'ongobun /1. H., Jloporosa U. E., Enarun A. B.,
CnecuBneB A. A. u 1p. B 3apy0exHOM NMpaKTHUKE UCCIIeIOBAHKS BPEMEHHBIX BapHallfi
YCKOPEHHsI CHJIBI TSDKECTH, B YACTHOCTH BBI3BIBAEMBIX HENPWJIMBHBIME (P heKTamu,
BEIYTCS MHOTMMH Hay4YHbIMU opraHuzauusiMu. OCHOBHOM BKJIaJ] BHECJIM TaKHUeE yde-
uele, kak Wenzel H. G., Boy J.-P., Hinderer J., Longuevergne L., Llubes M., Mer-
riam J. B., Agnew D. C., Cartwright D. E., Tayler R. J., Longman I. M., Farrell W. E.,
Van Dam T. M., Wahr J. M., Imanishi Y., Zhang M., Wu T., Hinderer J., Riccardi U.
OnHako uccneq0BaHuM ¢ 1EIbI0 aHalM3a BRICOKOTOUYHBIX MOHUTOPUHIOBBIX OTHOCH-

TCJIIbHBIX I'PABUMCETPHUUCCKHUX onpez[eneHHﬁ niIn CO31aHus BBICOKOTOYHOM JIOKAJIbHOM
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MOJIENTM BpPEMEHHBIX BapUallliii yCKOPEHHUS CUIIbI TSDKECTH /I TeppuTopun Poccuu pa-
HEe HE MPOBOJUIOCE.

Lenu u 3a0ayu uccneoosanus. Llenvio muccepTarMOHHON pabOTHI ABISETCS pa3pa-
00TKa KOMIUIEKCHOM METOJIMKY Y4€eTa HEMPUIUBHBIX 3((HEKTOB B pe3yJIbTaThl TPABUMET-
PUYECKHUX ONPENEICHUN ISl CO3JaHUs JTOKATbHON MOJIENI BPEMEHHBIX BapUallUl YCKO-
penust cuitbl TshkecTd Ha myHkTe ['®I'C o naHHbIM NPUIMBHOTO TPABUMETPA.

JIist AOCTUKEHUS TOCTABJIEHHOM 11eJTM HEOOX0IUMMO PEIIUTh CIEAYIOIUE 3a0ayu:

— MPOBECTH MH(POPMALMOHHO-aHAIUTUYECKHI 0030p CYIIECTBYIOUIMX CIOCOO0OB
UCCJIeIOBAaHUS BPEMEHHBIX BapHAallMi YCKOPEHUS CHIIbI TSKECTH U yUeTa BIUSHUS He-
MPWIUBHBIX 3P(PEKTOB;

— pa3paboTtaTh TpeOOBaHHA M YCOBEPILIEHCTBOBATH METOJUKY MPOBEACHUS
U NIpeABapUTENIbHON 00pabOTKH Pe3yJIbTATOB MOHUTOPUHIOBBIX HAOIIOAEHUH yCKOpe-
HUS CUJIBI TSXKECTU OTHOCUTEIbHBIMU IPAaBUMETPAMU IPUWIMBHOIO THIIA;

— OLICHUTD BIMSIHUE U3MEHEHUS THIPOJIOTUYECKUX U aTMOC(EPHBIX MapaMeTpOB Ha
MU3MEHEHHSI YCKOPEHUS CUIIBI TSHKECTH BO BPEMEHU U pa3padoTaTh KOMIUIEKCHYIO METO-
UKy Y4€Ta BpEMEHHBIX BapHUalliii YCKOPEHUS CHIIbI TSYKECTH I10 JIOKAJIbHBIM JAaHHBIM;

— BBINOJIHUTh 3KCIIEPUMEHTAIbHBIE HCCIIEJOBAHUS pa3pad0TaHHOM KOMITJIEKCHON
METOJUKHU C MCIIOIb30BAHHEM HE3aBHUCHUMBIX OTHOCHUTEIBHBIX U aOCOITIOTHBIX TPaBH-
METPUYECKUX OIpeIeTICHUH.

Obvexm u npeomem uccaedoganusi. Ob6vbeKmom ucciedo8arnusi IBIAIOTCA HENPU-
JIMBHBIC BPEMEHHBIE BapHAIIK YCKOPEHUS CUITBI TSKECTH. [Ipedmemom ucciedosarnus
BBICTYIIA€T METOJMKA y4YeTa HENPUIUBHBIX 3P(HEKTOB B pe3yJbTaThl TPaBUMETpUYE-
CKHUX ONPEAEIICHUN.

Hayunas noeusna ouccepmayuonHoeo ucciedosanus 3aKIHOYAeTCs B CIEIYIO-
ieMm:

— BriepBble Ha MyHKTe ['®I'C BBINOIHEHBI UCCIIEIOBAHUS JIOKAIbHBIX Bapyalui
YCKOPEHHMSI CUJIbI TSYKECTU Ha OCHOBE PE3YJIbTATOB JUIMTENbHBIX (8 JIeT) MOHUTOPHUH-
TOBBIX HaOIIOJEHUI BBICOKOTOYHBIM IPABUMETPOM IPHUIMBHOIO THIIA COBMECTHO C pe-

TYJSPHBIMH a0CONIOTHBIMH OTPEACICHUSAMH 0aJUTMCTHUECKIM TPAaBUMETPOM;
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— JJaHHOE HCCIIEOBAHUE MTO3BOJISIET CO3AATh IIEPBYIO BEBICOKOTOYHYIO JIOKAJIbHYIO
MOJI€JIb BPEMEHHBIX BapUalluil yCKOPEHHUSI CUJIbI TSXKECTHU, YUUTHIBAIOLIYO HENPUIIKB-
HbIe 3P GEeKTHI 1715 MyHKTa Ha Tepputopun Poccuiickoii eneparnui.

Teopemuueckas u npaxmuyeckas 3HA4UMOCMb pabomal.

Teopemuueckas snauumocms pabOTHI 3AKITHOYAETCS B TOM, YTO BBITIOJIHEHHOE HC-
CIIEIOBAHKME TIO3BOJHMJIO TPOBECTH AaHalW3 BIHMSHUSA HENPHIMBHBIX 3((EKTOB,
a UIMEHHO U3MEHEHHMSI THIPOJIOTHYECKUX U aTMOC(HEPHBIX TapaMETPOB, HA BPEMEHHBIE
BapuallMi YCKOPEHHUS CUJIbI TSXKECTU, YTO BHOCUT BKJIAJ B PA3BUTHE I'€0JI€3MUECKOM
I'PaBUMETPHUH U F€OIMHAMHUKHU.

Ilpaxmuueckas 3nauumocms TUCCEPTALIMOHHON pabOThI COCTOUT B TOM, YTO pa3-
paboTaHHas KOMIUIEKCHAs METOAMKA MO3BOJISIET CO3/1aBaTh JIOKAJIbHBIE MOJIENU Bpe-
MEHHBIX BapHaliil YCKOPEHHUS CHIIbI TSHKECTH Ha (PyHIaMEHTAIbHBIX IMYHKTaX U MO-
XKeT ObITh PEKOMEHI0BaHA K UCTIONIb30BaHuI0 TipH pa3sutuu [ OI'C.

Memooonoecus u memoovl ucciedosanuss 6a3UPOBATUCH HA KOMIUIEKCHOM HCTIO/b-
30BaHUM TEOPETUUECKUX U SIKCIIEPUMEHTAIIbHBIX U3bICKaHUI. B Xo1e nccienosanus mpo-
BOJIMJICSL aHAJIM3 COBPEMEHHOW HAYYHOM JIMTEPATYPHI 110 TEME JUCCEPTALUU U BO3MOK-
HBIX TPEOOBAHUN K YUETY HEMTPUIMBHBIX COCTABIISIONINX Bapyalii yCKOPEHUS CUIIbI TS
xecTd. C HCTI0Nb30BaHUEM METOI0B MATEMATUYECKOTO MOIEIIUPOBAHNS, BBICIIEN T'e0e-
3UM U T€0/IE3UYECKON TPaBUMETPHUH pa3paboTaHa METOIMKA yUYeTa BIUSHUS HETIPHIIUB-
HbIX 3 pexroB Ha myHkrax ['OI'C. [{ng npoBepkH U OLEHKK TOYHOCTU PE3YJIbTATOB, MO-
JYYEeHHBIX B X0/i€ anpoOanuu pa3pabOoTaHHOW METOJUKH, TPOBOAMINCH ITPAKTHYECKUE
UCCIIEZIOBAHUS C UCTIOIb30BAHUEM METO/Ia BEIYUCIIUTENLHOTO 3KcriepruMenTa. O0paboTka
Y aHAJIN3 HKCIEPUMEHTAIBHBIX JTAHHBIX BBIOJHSUIUCH C UCTIOJIb30BAHUEM CTAHAAPTHBIX
MaTEeMaTUYECKUX METOJIOB HMCCJEOBAaHMS: MAaTEMATUYECKOM CTATUCTUKH, YHUCIEHHOI'O
aHaJINM3a, PErPECCHOHHOrO aHaJIN3a U METOJa HAMMEHBIIUX KBAIPaTOB.

Ilonooicenus, viHOCUMbIE HA 3AUUMY !

— MPEIOKEHHBIE TPEOOBAHUS M METO/IMKA ITPOBEAEHHSI MOHUTOPHHIOBBIX HA0JIIO-
JICHUI YCKOPEHHUsI CHIIbI TSKECTH, KOTOpPble 0OOCHOBAHbBI PE3yJIbTATAMU BBIMOJHEHHBIX
UCCIIeIOBaHM, 00eCIeunBalOT BO3MOKHOCTh CO3/IaHUS JIOKAJIbHOM MOJIETH BPEMEHHbIX

BapHalliil YCKOPEHUS CUJIBI TSDKECTH ¢ TPeOyeMOol TOYHOCTHIO 38 MUHUMAIBHBIN CPOK;
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— pa3paboTaHHasi METO/IMKA IIPEIBAPUTEIBbHON 00pabOTKU TaHHBIX NMPUJIMBHOIO
rpaBUMETpa MO3BOJISIET BHIOJHUTH YHU(UIIMPOBAHHYIO aBTOMATUYECKYIO 00pabOTKY
PE3yIbTAaTOB U3MEPEHU, BBIIBUTD U IPOBECTH aHAJIN3 HENTPWIMBHBIX BapHaLMi yCKO-
pPEHUs CUJIBI TSXKECTH;

— MPEUIO’KEHHAs METOAMKA ydeTa aTMOC(HEpHBIX M TUAPOJIOrudecKux 3(dexTos,
KOTOpast SIBJSIETCS OCHOBOM ISl CO3AAHUS JIOKAJIBHOM MOJEIM BPEMEHHBIX BapUalUil
YCKOPEHHMSI CHJIbI TSDKECTH, TIO3BOJISIET TIOBBICUTh TOYHOCTH OIPENEICHNUS MTHOBEHHOT'O
3HAUYEHUS YCKOPEHUS CUIIbI TSHKECTH 0€3 MPOBEIEHUS HEMOCPEICTBEHHBIX U3MEPEHUH.

Coomeemcmeue ouccepmayuu nacnopmy HayuHou chneyuanvHocmu. TemaTuka
JTUCCEPTALMH COOTBETCTBYET CIAEAYIOIIMM 00JacTsAM HcciienoBanus: 1 —Onpenenenue
(OopMBI TOBEPXHOCTU M TPABUTALIMOHHOTO MO 3€MIIM, UX U3MEHEHUH B IIPOCTPAH-
CTBE U BPEMEHH C UCIOJIb30BAHUEM HA3€MHBIX, MOPCKHX, a3POKOCMHYECKUX CPEJICTB
u3Mepenuil. Teopust Bpaienus: 3eMiu U riodajibHas reoAiMHaMUKa, BKIII0Yas u3yde-
HUE [IapaMEeTPOB BPALLEHUs 3€MJIIM, ABMKEHUS €€ LIEHTpa Macc, U3MEHEHUN ypPOBHS
MOpSi, TIISIIIMON30CTa3UuH U APYTUX JBUKCHHUM U TehopMaluii MPUPOJHOTO U aHTPOIIO-
TrE€HHOro npoucxoxaenus; 3 — CoznaHue U pa3BUTHE I'€0AE3NYECKONM KOOPIAUHATHO-
BPEMEHHOI OCHOBBI Pa3JIMYHOTO Ha3HAYEHUSI C UCIIOJIb30BAHUEM T'€0JIe3UUECKHX, acT-
POHOMHYECKHX, TPABUMETPUUYECKHUX U APYIUX (KOCMUYECKHX, HA3EMHBIX, [I0JJ3€MHBIX
U MOJIBOJHBIX) METOJ0B U3MEPEHMI; OLIEHKAa UX CTAOMJIBHOCTU U XapaKTepa U3MEHe-
HUM, BOIPOCHI MPOEKTUPOBAHUS U onTUMU3aluK. PazpaboTka u pa3BUTHE TEOPUH TTO-
CTPOEHUS U pealn3alii KOOPAUHATHBIX, BBICOTHBIX U I'PAaBUMETPUUYECKUX CUCTEM OT-
cyera Iacrnopra HayyHoW crneuuanbHocTu 1.6.22. I'eonesusi, pa3pabOTaHHOTO 3KC-
nepTHbiM coBeToM BAK Muno6puayku Poccun.

Cmenensb 0ocmogeprocmu pabOThI ONPEAEAETCS KOPPEKTHOCThIO MOCTAHOBKU
3a/lay, MCMOJIb30BAHUEM CTaHJAPTHBIX MATEMaTHYECKUX METOJOB MPU MPOBEICHUU
UCCIIEI0BaHHUSI, COTJIACOBAHHOCTBIO S3KCIEPUMEHTAIIBHBIX U TEOPETHYECKUX JAHHBIX.

Anpobayus pesynbmamog. OCHOBHbIE pe3yJIbTaThl PaOOTHI JTOKJIAIbIBAINCH Ha
V Cumnosuyme MexyHapoaHoi acconuanuu no reogesun (IAG) «Hazemnas, mop-

CKasgd MW adporpaBUMCTpHA: H3MCPCHHA Ha HCIIOABHMIKHBIX W IIOABHXKHBIX OCHOBA-
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HuAx» — TG-SMM 2019 (Canxrt-IlerepOypr, 2019 r.), MexayHapoIHOM HAy4YHO-TIPO-

MbiuieHHOM ¢popyme «Bemukue pexn’2019» (Hwxuuii Hosropon, 2019 r.),
II HayuHo-TexHu4eckoit koHdepenun «HaBuramus 1o rpaBUTallMOHHOMY U MarHuT-
Homy nojisiM 3emiiu. Hoseie Texnonorum» (MockoBckas 0011., 2019 r.), MexayHapo-
HOM Hay4YHO-TEXHMYECKOW OHJIaliH-KOH(pepeHunn «IIpocTpaHCTBEHHBIE JaHHBIE
B ycioBusax mudpoBoit Tpanchopmammm» (MockBa, 2020 r.), VI HamumonansHoit
HayuHo-npakTuyeckoi KOHpepeHLInH C MeXAYHapOIHbIM yuacTheM «PeryiaupoBanue
3eMEJIbHO-UMYILIECTBEHHBIX OTHOIIEHH B Poccnn: mpaBoBO€E M re0npOCTPAHCTBEHHOE
oOecrieueHue, OlleHKa HEJABMKMMOCTH, IKOJIOTHUs, TeXHoiorunyeckue pemenus» (Ho-
BocuOupck, 2022 r.), XIX MexmayHapoaHo# BBICTaBKE W Hay4HOM KoHrpecce «n-
tepakcno 'EOQ-Cubups» (HoBocubupck, 2023 r.).

Pe3ynpTaThl 1uCcCEpTalMOHHOTO UCCIIEIOBAHUS BHEAPEHBI B IPOU3BOACTBEHHBIIMI
nporecc myOoIuIHO-IpaBoBOi komnaHuu «Pockamactpy, a Takxke B yu4eOHBIN poiiece
denepanbHOro rocy1apCTBEHHOT0 OIOPKETHOT'O0 00Pa30BaATEIBLHOTO YUPEKICHHUS BbIC-
mero oOpa3oBaHus «I'o0Cy1apCTBEHHBIN YHUBEPCUTET 110 3€MIICYCTPOICTBY» MPH Tpe-
noaBaHuu quciuIuind « Teopust puryp riaHeT u rpaBuMeTpus» U «Brwicmas reome-
3ush» (Moayib «I'eoe3ndeckast IpaBUMETPHUSD ).

1 lyonukayuu no meme ouccepmayuu. OCHOBHBIE PE3YJIbTAThI I10 TEME AUCCEPTA-
IIUU U3JI0’KEHBI B 5 Hay4YHBIX paboTax, 3 U3 KOTOPHIX OMyOJIMKOBAHBI B PEIIEH3UPYE-
MBIX JKypHalaX, BXOJSAIIUX B MEPEYCHb PELEH3UPYEMbIX HAyUHbIX W3/IaHUM, B KOTO-
PBIX JTOJDKHBI OBITH OIyOJIMKOBaHbl OCHOBHBIE HAYYHBIE PE3YJIbTAThl JUCCEPTAINI Ha
COMCKaHWE YUYEHOU CTeNeHH KaHauaaTa HayK, | onmyOJuKoBaHa B M3IaHUH, BXOISIIEM
B MEXIyHApOAHYIO pedepaTuBHyI0 0a3y JaHHBIX U CUCTEMY IIUTHPOBAHUSI SCOPUS.

Cmpyxkmypa ouccepmayuu. O6mmii 00beM nuccepranuu cocrasisger 120 crpa-
HUI MALLIMHOIIMCHOT'O TE€KCTa. Jluccepranusi COCTOUT U3 BBEJEHUS, 4 pa3/IeioB, 3aKII0-
YeHUs, CIIUCKA JTUTEPATYPHI, BKIIoUaronero 96 HauMeHoBaHUM, COACPKUT 6 TaOIHII,

25 pUCYHKOB, 7 IPUJIOKECHUH.
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OCHOBHOE COJIEPYKAHME JUCCEPTALIMHU

Bo 66edenuu 0OOCHOBBIBAETCS AKTYyaJIbHOCTh HCCIEAOBAHUM, MPOBOJAMMBIX
B paMKax JJaHHOW AMCCEPTAIIMOHHOM paboThI, CHOPMYIHpPOBaHA LENb U apTyMEHTHPO-
BaHA HayyHas HOBHU3HA UCCJEAOBAHUM, NTOKAa3aHa MPaKTHUYECKas 3HAYMMOCTh MOJY-
YEHHBIX PE3yJIbTaTOB, IPEICTABICHbBI HAYUYHbIE MT0JI0KEHUS, BRIHOCUMBIE Ha 3aIlUTY.

B nepeom pazoene BbINONIHEH aHAIN3 COBPEMEHHOTO COCTOSIHUSI M CYIIECTBYIO-
[IMX METOJUK y4YeTa BPEMEHHBIX BapUalllii YCKOPEHUs CUJIbI TSDKECTH Ha QyHAaMeH-
TaJbHBIX MYHKTaX.

Ha 3Hauenue ycKopeHus: CUIIbl TSDKECTH, (PUKCUPYyeMOe rpaBUMETPOM, ACHCTBYET
MHO>KECTBO ()aKTOPOB, UMEIOIIUX PANIMYHYIO (DU3HUECKYIO MPUPOJY M XapaKTepH-
CTHKH, U BBISBIICHUE UX METOJOM MPOCTON (DUIbTpAIIUU HE TIPEICTABIISAECTCS BO3MOXK-
HbIM. HecTaOuinbHOCTh 3HAUEHUS YCKOPEHUSI CUJIBI TSXKECTH BO BPEMEHHU 3HAYUTEIBHO
IIPEBBIIAET HUHCTPYMEHTAJIBHYIO TOYHOCTh COBPEMEHHBIX I'paBUMETPOB. [loaTOMYy Be-
AyUIie OTeUYeCTBEHHBIC U 3apyOeKHbIe HAay4YHbIE OpraHU3alMU 3aHUMAIOTCS H3yYe-
HUEM BPEMEHHBIX BapUalluii YCKOPEHHUS CUIIbI TSAKECTH.

B o6mem Buzae BpeMeHHbIE BapHaluu, (PUKCUpyeMble TPABUMETPOM, MOXKHO

npeaCTaBuThb B CJICAYIOIICM BHAC!

Ag = Agtigze + Agpor + AGnotidze + Agdrift + &, (1)

rae Ag — u3sMepeHHOe 3HaU€HHE YCKOPEHUS CUIIbI TSKECTH;

Agtige — COCTABIAONIAS] BPEMEHHOTO Psi/ia YCKOPEHUS CUJIbI TSYKECTH, BBI3BAaHHAS
(dakTopamMu NPUIMBHOIO XapakTepa (JyHHO-COJIHEUHbIE MPUIIUBBI B TBEpAOU 3emiie,
OKEaHWYECKHE MTPUIIMBBI, IPUIMBBI B aTMOc(hepe);

Agpo; — NBMEHEHUS, BBI3BAHHBIE JIBUKEHUEM 3€MHBIX I1OJIOCOB;

AGnotide — HEIPWINBHbBIE BapUALIUK YCKOPEHUS CUIIBI TSDKECTH, BBI3BAaHHBIE pa3-
JUYHBIMU (PU3UYECKUMHU (DAKTOpaMU U HE OOBACHSIOUIUECS TPUIMBHONU TEOPUEH;

AGarife — cucTrematHdeckas ommOKa W3MEPEHHH, 00yCloBIEHHas aperdom

HYJIb-IIYHKTa FPAaBUMETPA;



10

& — LIyMOBas COCTaBJISIIOIIASL BPEMEHHOTO psiia (LIyMbl CUCTEMBbI, BbI3BAaHHBIE
CEMCMHUECKUMHU U TEXHOTEHHBIMH (pakTOpammu).

Haubornee cymecTBeHHbIN BKJIaJ B U3BMEHEHUE YCKOPEHUS CUIIBI TSYKECTH BHOCST
IPWIMBHBIE U HENPWIMBHBIE Bapualuuu. sl ydyeTa NpyuIMBHOTIO BO3JIEUCTBUS CyLIe-
CTBYET pAJl I100anbHbIX Mojienei. Cper HUX CTOUT BBIACIUTh CUHTETHYECKHE TJI0-
OasbHbIE MOJienH, Beiuucisiemblie B mporpamme ATLANTIDA, pa3pabortanHoit Cniu-
punoHoBeM E. A. (PI'BYH UuctutyT dusuxu 3emmu um. O. FO. HImuara Poccuii-
ckoii akagemMun Hayk). Monenu ATLANTIDA sBisitorcst HauboJiee TOYHBIMU TSI KC-
CJIelyeMOU TeppPUTOPHUM: CpeaHsisl abcotoTHas omnOKka coctasiser 15 mxl'an B cpas-
HEHUM C U3MEPECHHBIMHU 3HAYECHUAMH. B pesynbprare HuccienoBaHus, NMPOBEIECHHOIO
B paMKax JaHHOW JUCCEPTALMOHHOM paboThl, JOKa3aHa HEOOXOAUMOCTb MOJYyUYEHUS
JIOKAJIbHBIX IIaPaMETPOB 3€MHBIX IIPWIMBOB IS IYHKTOB, PACIIOJIATAIOIINXCS HA TEp-
putropuun Poccuiickon denepanuu.

HenpuinBHbIE Bapuanuu yCKOPEHHMs CHJIbI TSKECTH CErOJHS IPEACTABISIOT
HauOOoNbIINN HHTEPEC ISl UCCIEA0BATEIEN TpaBUTALIMOHHOrO o 3emiin. Pusnye-
CKasl MPUPOAa OCHOBHBIX ()aKTOPOB, BHI3BIBAIOIINX HENPUIUBHBIC U3MEPEHUs IMapa-
METPOB I'PABUTALMOHHOIO IIOJISI 3€MJIM, OIPEAEIIEHa MHOKECTBOM HCCIIEA0BaTENIECH
NOCJIEIHUX JIET, OJJHAKO MTapaMETPhl yU€Ta OCTAKOTCS aKTyalbHBIM IIPEAMETOM HCCIIE-
NOBaHUs. M3BECTHO, YTO BEIMYMHA BapUallMid YCKOPEHUS CHJIBI TSXKECTHU IOJ BIIUS-
HUEM HM3MEHEHUN aTMOC(EpPHOro JaBJIE€HUS U THAPOJIOrMYECKOr0 peXuma JOCTUraeT
30 Mkl a.

JUig u3ydeHus BIUSAHUS BapHalMi O3HAUYE€HHBIX 3(PPEKTOB HA U3MEHEHUSI YCKO-
PEHUS CUIIbI TSKECTH B IUCCEPTALMOHHON pabOTe pacCCMOTPEHBI XapaKTEPUCTUKH Bpe-
MEHHBIX BapHalMi aTMOC(HEPHOro JaBICHUs U THIPOJIOTHUYECKOro pexuma B pailoHe
HaOmoaenuit (r. MockBa), a Takke CyHUIECTBYIOLUIME METOAUKU yUYeTa BIUSHUS aTMO-
cdepbl U THIPOJIOTUU Ha BPEMEHHbIE YCKOPEHUsI CUIlbl TsbkecTu. OG0CHOBaHA HEOO-
XOJUMOCTb UCCIIEIOBaHUS BIHUSAHUS JAHHBIX 3PPEKTOB Ha JIOKAIbHbIE OCOOCHHOCTH
BPEMEHHBIX BapHaluil yCKOpeHus cuiibl TshkecTu Ha nyHkTax ['@I'C. JlokazaHo, 4TO

IMPUMCHCHUC CJIOKHBIX MOI[GJ'IGﬁ COCTOSAHUA aTMOC(i)CpBI Ha CGFO,Z[HHHIHI/Iﬁ JCHDb HCIIC-
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J€co00pa3Ho, TaK KaK 3TO HE MPUBENET K MOBBIIICHUIO TOYHOCTH B CPABHEHUU C UC-
MOJIb30BAaHUEM JIOKAIBHBIX JaHHBIX 00 arMochepHoM maBieHnn. OOOCHOBaH BHIOOD
rugposiornueckor mojenn MERRA?2 njist mpoBeieHus JanbHENIIIEro aHaIn3a.

Bo eémopom pazoene 060cHOBaH BBIOOP UCHOJIL3yEMOr0 00OpYyA0BaHUs (OTHOCH-
TEJIbHBIN MPUIUBHBINA rpaBuMeTp gPhoneX u aGComOTHBIN OaITMCTHYECKUI TPABUMETP
FGS5 npouszBoactea Microg LaCoste, CIIIA). O6ocHOBaHAa HEOOXOAMMOCTD BBISIBIICHUS

¥ y4eTa apeliQa HyIb-IyHKTa NpuiIMBHOro rpasumerpa gPhoneX (Ag 4y r¢) ¢ yaeTom ero

KOHCTPYKTHBHBIX 0COOEHHOCTEH. PaccMOTpeHbl CyIlIeCTBYIOIIME METOAMKU yuyeTa
nperida HyIb-ITyHKTA, IpeJlaraéMble B CYILIECTBYIOIIMX HCCIeNoBaHUAX. OOOCHOBAHO
IPUMEHEHNE TEXHUKHU «YTAICHUSI-BOCCTAHOBIICHUS M BEIOOP METOMWKH JIMHEHHON arl-
MPOKCUMAIINH C IEPUOJUUECKAM KOHTPOJIEM a0COIIOTHBIMU ONPEACTICHUSIMH.

Ha ocHoBe pexomenpaiuii 3apyOeKHBIX HCCIEIOBaTENed U aHajau3a dKCIEpu-
MEHTAIBHBIX JaHHBIX 000CHOBAHBI TPEOOBAHUS K MYHKTY HAOIIOIEHUN U K METOJIUKE
U3MEpPEHUN.

[TpuBeeHHBIN B TEKCTE JUCCEPTANMOHHON PaOOTHI aHAIN3 CYIIESCTBYIONIUX Me-
TOJAMK M MPOrPaMMHBIX MPOAYKTOB, NMpPEAHA3HAYEHHBIX IS 00pabOTKHU pe3yabTaToB
MOHUTOPUHIOBBIX HAOJIIOICHUIN YCKOPEHUS CUJIbI TSKECTH, MOKa3ajl, 4YTo €AMHON Me-
TOJMKHA W/WIN €€ peaju3aluy B BUJEC €AMHOIO MPOrpaMMHOIO MPOAYKTa HE Cylile-
ctByeT. O0paboTka moJOOHBIX HAOIIOIEHUI HA CETOHAIITHUMN JI€Hb IOBOJIBHO TPY/IO0-
€MKa, 3aHHMaeT MHOTO BPEMEHH U TPeOyeT BHICOKON KBaTM(UKAIIMHA MCIIOIHUTENS.
Takum oOpa3om, JokazaHa HEOOXOJIMMOCTh Pa3pabOTKU YHUDUIIMPOBAHHON MeETO-
IUKA TIpeBapUTEIbHOM O00pabOTKH pPE3ylbTaTOB MOHUTOPUHIOBBIX HAOJIIOJACHUM
IPUIMBHBIM IPABUMETPOM.

Tpemuti pazoen MocBslIeH pa3pabOTKe KOMILJIEKCHOW METOJIUKH y4deTa Helpu-
JUBHBIX 3((HEKTOB U CO3AAHUIO JIOKAJIbHON MOJIEIN BPEMEHHbBIX BapUallUid yCKOPEHHUS
cwibl TspKecTu Ui pyHaamenTtanbHoro mynkra ['®I'C. PazpaboTtka u peanmzanus Ha
IPOrpaMMHOM YpPOBHE KOMIUJIEKCHOM METOJMKHU HaIlpaBJi€Hbl Ha pPELICHUE CIEAYIO-

mux 3aaa4:
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— IOJIHAsE aBTOMaTH3aLus npolecca o0pabOTKU pe3yIbTaTOB HAOIIOJEHUM rpa-
BUMETpaMU IPWIMBHOIO THIIA;

— CO3JIaHHE JIOKAJIBHOW MOJIEJIN BPEMEHHBIX BapHALM YCKOPEHHUSI CUJIBI TAKECTH
C YYETOM HeNnpuIMBHBIX 3PdeKToB Wit PpyHaamentanbHoro nyHkra ['@I'C ¢ Touno-
CTBIO HE Xyxke 8 Mkl am;

— anpoOanus pazpabOTaHHON KOMIUIEKCHON METOAMKY MO Pe3yJbTaTaM MOHUTO-
PUHTOBBIX OTHOCHUTEJIbHBIX U PETYJIAPHBIX a0COTIOTHBIX IPABUMETPUUECKUX OIpe/e-
JICHUU.

KomriekcHy1o METOIuKY MOKHO TIPEJICTAaBUTh B BUJI€ OJI0K-CXEMBI (PUCYHOK 1).

MeToauKa aBTOMaTU3MPOBaHHOM MeToauKa BbIAB/EHWUA U yyeTa MeToauka co3gaHua
dunbTpaumm pesynbratos apenda HyNb-NyHKTa NPUANBHOTO IOKaNbHOM MoAeNu —
HabnoaeHuin rpasumeTpa NpUIMBOB

~ i

MeToavKa aBTOMaTU3MPOBaHHOM
npeasapuTenbHon 06paboTku pesynsTaTtos
MOHUTOPUHTOBbIX Habl0AeHUI

MeToauka yyeTa MeToauKa COBMECTHOro yyerta MeTtoauka yyeta
atmocdepHoro HEenpuAnBHbLIX 3bdeKToB rMAPONOTUYECKOTO
HenpuaueHoro adpdekTa HenpuaueHoro apdexTa

| |

Co3ziaHue I0KaIbHOM MoAenu
BPEMEHHbIX BapuaLyii yCKOpeHus
CUAbI TAXKECTH

Pucynok 1 — brok-cxema komIieKCHOM MeToauku. [{BeTom BbIeeHbI OJI0KH,

pa3pabOTaHHbIE B PE3YJIHTATE JUCCEPTALMOHHOIO UCCIEA0OBAHMS
JlokanbHYIO MOJZIENIb BPEMEHHBIX BapUalllid YCKOPEHHUS CUIIbI TSXKECTH, MOJIyvae-

MYIO B pe3yJIbTaTe peain3allui pa3pabOTaHHOW KOMIUICKCHOM METOJHMKH, MOXKHO

MpCaACTaBUThb B dHAJIUTHYICCKOM BUJIC!:

Ag = Agtige + Agpor + Agdrift + [Agbar + A.ghydro] + AGres + & (2)
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T11€ [Agpar + A9gnyaro] — COBMECTHBIN HENPUIINBHBIN 3(P(PEKT, OKa3bIBAEMBIN H3MEHEHUEM
aTMOC(EPHOro JIaBJIECHUS U THAPOJIOTHUYECKOr0 peKuMa.

[Ipennaraemyro mMemoouxy asmomMamu3upo8anHol npeosapumenbHol oopa-
OOMKU MOHUMOPUHEO0BBIX HAOII0OeH UL MOKHO OITUCATDH CIICIYIOIIUM aJITOPUTMOM.

1 OrOpakoBKa HEKAUECTBEHHBIX JAHHBIX, KOTOPAs MOAPAa3yMEBAET UCKIIOUECHHUE
CJIy4aiiHbIX BEIOPOCOB, BBIOOP BPEMEHHBIX MHTEPBAJIOB C HAMMEHBIINM COJIEP)KaHUEM
BBIOPOCOB B COOTBETCTBHHU C Pa3padOTAHHBIMU KPUTEPHUSIMHU.

2 TlpopexxuBaHUE CEKYHAHBIX JAHHBIX 10 | M3MepeHus B 4ac (B COOTBETCTBHH
¢ teopeMoii KorenpHrkoBa). YacoBOM 4acTOThl JAHHBIX JOCTATOYHO JJISI M3YUCHHS
paccMaTpUBaEMbIX HEMPUIUBHBIX 3 PexToB. OuiibTpanys MOJTyYEeHHBIX JaHHBIX.

3 Yuer n1BMKEHUS 36MHBIX MMOJI0COB Mo JaHHbIM [ERS.

4 BeisiBneHue U yuet apenda Hylb-IIyHKTa MPUIUBHOTO IPaBUMETPA.

5 Yder npuinvBHBIX Bapualui yCKOPEHHUs CHIIBI TSYKECTH C UCITOJIb30BAHUEM JIO-
KQJIbHOM MOJIEJIA 3€MHBIX [IPUJIUBOB.

C uenplo peanu3alnuyv METOJMKN aBTOMaTU3UPOBAHHOM MpeIBapUTENbLHOM 00pa-
OOTKM MOHUTOPUHIOBBIX HAOJIIO/IEHUH pa3pabOTaHbl KPUTEPUU JJISl BBIABICHUS CITY-
YaifHBIX BEIOPOCOB, O0YCIIOBJIEHHBIX 36MJIETPSICEHUAMMU; MTOJ00paH ONTUMAIbHBIN aj-
ropuT™M (UIBTPALIMU LIYMOB; BBIOpaHA ONTHMAaibHAsl 4acTOTa JUCKPETHU3AIHH Bpe-
MEHHOTO psfa s JaibHeimei oOpaboTku. Pa3zpabGoraH anropuT™m BBISBICHUS
U ydera japeida HyJIb-IyHKTa rpaBuMeTpa. MeToauka peajiv3oBaHa Ha S3bIKE IMPO-
rpammupoBanus Python 3.10.

B pesynbrare ucnosnbp3zoBaHus pazpabOTaHHOW aBTOMATHU3UPOBAHHOM Ipe/IBapH-
TEJIbHOM 00pabOTKU U3MEPEHUI IPUIMBHBIM IPABUMETPOM IOJTyY€H BPEMEHHOM psiJl He-
NPUJIMBHBIX BapHaIMii yCKOPEHUSI CHITBI TsDKECTH Ha pyHnameHTamsHoM mmyHkTe ['OI'C.
Onmbka onpeaeneHusi HEMPWIMBHBIX Bapuauuii cocraiser 1,1 mxl'an. Pa3z6poc Bpe-
MEHHBIX BapHalMK yCKOPEHUs CHIIbl TspkecTr pocturaet 30 mxl'ar, 9o sBisercs cyue-
CTBEHHOW BEJIMYMHOU IIPU IPOBEIACHUM BBICOKOTOYHBIX IT'PABUMETPUUECKUX OINpereIie-
HUl. B CBSA3M € 3TUM MOXKHO C/IeNIaTh BBIBOJI, YTO HEOOXOIMM JaJIbHEUIITNI aHaJIu3 Bpe-

MEHHBIX BapHallii YCKOPEHUS CUJIbI TSDKECTH U YUET HENPUIMBHBIX A (EKTOB.
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Memoouka yuema ammocgepHoco Henpuiusno2o 3Qpghexma NpeaHa3HAUCHA IS
BBISIBJICHUS M y4ueTa BIUSHUS M3MEHEHHsI aTMOC()EpHOro AaBlIEHUS B PE3yJbTaThl
OIpeENIEHUI YCKOPEHUSI CUJIbI TSKECTH. ATMOC(EPHBIN HENPUWINBHBIN 3PPEKT co-
CTOMT U3 CYMMBbI I'PaBUTAI[MOHHOIO MPUTSKEHUSI aHOMaIbHOU aTMOC(hepHO TIIOTHO-
CTBIO U HArPY3KH, BbI3BAHHOM BEPTUKAIBHBIMU JIe(hOpMaIIUIMU 36 MHON IIOBEPXHOCTH,
Y OLIEHUBAETCS C MOMOILBIO JIOKAJIbHOTO aTMOC(epHOro aenbTa-pakropa (korpduim-
€HTa JMHEHHON 3aBUCHMOCTH YCKOPEHUS CWIIbI TSDKECTU OT AaBiieHus ). Pe3omonneit
Mexaynapoanoi acconuanuu reoge3uu Ne 9 ot 1983 r. nmpunar cpennuii atmocdep-
HBIA nenbTa-paxkTop, paBHbd -0,3 MkI['am/mbap, mpu 3TOM JOKalIbHOE YTOYHEHHE
IpENoaraeTcss METOJOM IPOCTON JIMHEHHOM perpeccun aTMoc(epHOro AaBJICHUS
U YCKOPEHUS CUJIBI TSYKECTH.

B pamkax auccepTaliiOHHOTO UCCiIeI0BaHus OblI IPOBECH aHAIN3 KOBapUalluu
YCKOPEHMsI CHIIBI TSKECTH M aTtMocdepHoro nasiieHus s nyHkra ['OI'C TSNI
(r. Mocksa). ITo pe3ynpTaTaM KOppPEISALIMOHHOTO aHaiu3a aTMOC(EpPHOE J1aBJICHHUE
UMEET CTaTUCTUYECKU 3HAUMMYIO 3aMETHYIO OOPATHYIO CBSI3b C YCKOPEHUS CUJIbI Tsl-
xectu. Koapduument koppensuuun paser -0,569 (yposens 3Haunmoctu p < 0,001).
ITo pe3ynpTaTamMm perpecCCMOHHOTO aHaJlM3a MOJyYeHa MOJEIb aTMOC(HEPHOTO HENPH-
AUBHOTO 3¢ dekTa, onuchiBaronias 85 % HenpuiauBHBIX Bapuauuid. [Ipu yBenmueHuu
atMocepHoro naBiaeHust Ha 1 MOap yCKOpeHHE CUJIbI TSHKECTU CHUXKAETCS B CPETHEM
Ha 0,26 mk["an npu Mpoynx paBHBIX YCIOBUAX. AHATUTUYECKH MOJIENIb aTMOC(PEPHOTO

HENPUIMBHOTO 3(h(PeKTa MOKHO PEICTABUTH B BUJIE:

Agpar = —0,26AP. (3)

Cpennee aOCOIIOTHOE OTKJIOHEHUS (PAKTUYECKOTO 3HAUEHUS YCKOPEHUSI CUJIBI TSI~
KECTH OT MPOTHO3HOTO cocTaBsieT 1,8 Mkl an. lunamuka pakTHIeCKUX, MPOTHO3HBIX
3HAYEHUH U OCTATKOB MOJIEJIA HA IPUMEPE U3MEPEHU, BHITTOIHEHHBIX B 2022 1., ipei-

CTaBJICHA HA PUCYHKE 2.
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Memoouka yuema 2udponozcuyecko2o HenpuiueHo2o 3¢)ghexma mpeaHa3HAUCHA
JUTSI BBISIBJICHUS U YUE€Ta BIUSHUS K3MECHCHUS THIPOJIOTUUECKHX ITAPAMETPOB B PE3YJIb-
TaThI OMPEICIICHNI YCKOPEHMsI CHITBI TSDKECTH Toce y4ueTa atMocdeproro addexra.
Ce30HHbBIEC I3MEHEHHUS YPOBHS T'PYHTOBBIX BOJI M BII&YKHOCTH ITOYB BBI3BIBAIOT TI€-

peEMCIICHUA MacC B TCJIC BGMHI/I, KOTOPBIC, B CBOIO OUCPCAb, IIPUBOAAT K H3SMCHCHUTIO

YCKOPCHUA CUJIBI TAKCCTH.

—— HenpuaunsHble Bapuaumm YCT
------ OcTaTo4Hble Bapuaunn YCT
-=-- T[lporHo3Hble Bapnauum aTMmocepHoro sgdekTa
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Bpemsa

Pucynok 2 — Pe3ynbTarhl yueta aTMOCEepHOTO HEMPUIMBHOTO 3 dheKTa

V3MeHeHne ypoBHS TPYHTOBBIX BOJl HOCHT CE30HHBIA XapaKTEpP, YTO BBI3BIBACT
CE30HHBIC M3MEHEHUS YCKOPEHUS CUJIBI TsDKeCTH. BenmmumHa rumposoruaeckoro 3¢-
(dexTa MOKET OBITh PA3IMYHON B 3aBUCUMOCTH OT MHOTHX JIOKQJIIBHBIX OCOOEHHOCTEH
MecTa HaOII0 e HUH.

JlokanpHBIN A()(PEKT BBIUHUCIACTCS AHATOTUYHO MPUTSHKEHUIO MPOCTOTO CIIOS
anomanuu byre. Tak Ha3pIBaeMbIll «HE-TTOKATBHBIN 3((HEKT» BKIFOYAET B CEOSI BIHSI-
HUE U3MCHCHHS YPOBHS IPYHTOBBIX BOJ] HA YJIaJICHHBIX OT MECTa HAOJIOICHUS yJacT-
Kax, a TaK’Ke KOCBEHHBIN (Harpy304HbIi) 3 eKT, BEI3BaHHbBIN edopmarueit 3eMHOM
MIOBEPXHOCTH TI0JT BO3JICHCTBUEM JIOKATBLHBIX THAPOJIOTHIECKUX n3MeHeHuid. OH pac-

CUUTBIBACTCS C MCIIOJBb30BAHUCM PA3JIOKCHHA I'PABUTANMOHHOI'O IMOTCHIMAJIA U MO-
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JIeH TUAPOIOTUYU 1o QyHKIMsAM ['puHa; ero BenTudrHa BABOE MEHBINE MPSMOTO -
dekTa, 0AHAKO BCE K€ CyIIeCTBeHHA. J1Jisl yueTa MoJIHOTO rUIpoJIorudeckoro adexra
HEOOXO/IMMO MPUBJICYEHUE HE TOJBKO JIOKAIbHBIX, HO U IJ100aJbHBIX THAPOIOTHYE-
ckux naHHbIX. [IoaTOMy B paboTe HUCIoIb30BaHa TOTOBAsk MOJEINb THIPOJIOTHYECKON
Harpy3KHu.

[TpoBeneHHble B paMKax AMCCEPTAIMOHHON pabOThl MCCIEIOBAHUS MOKAa3allH,
YTO HEOOXOJMM TINATEIbHBIM BHIOOP ONTHUMAIBHOW THAPOJIOTMYECKOM MOIEIH JIs
Ka)XI0TO IMyHKTa HaOIIOCHNH, a TaKKe KaTMOPOBKa MOJIETH THAPOJIOTHIECKOTO (-
¢dekTa Ha pe3ysIbTaThl TPABUMETPUYECKUX OIpeesieHnil. B pe3yibrare BhIMOIHEHHBIX
UCCJIEIOBAHUN YCTAaHOBJIEHO, UTO HAMOOJIee TOYHOM JUIsl yHKTAa, PaCloJI0KEHHOTO Ha
TeppuTopur ropoaa Mockssl, sBisgeTcss Moaenb MERRA2, kotopas u Oyner B3siTa 3a
OCHOBY JIJIsl CO3/IaHUS JIOKAJIbHON MOJEIH.

B pesynbTaTe npoBeAeHHOr0 KOPPEJSLMOHHOIO aHAIN3a YCTaHOBJIEHO, YTO KO-
b PUIMEHT KOPPENUA YCKOPEHHUS CHIIBI TSHXKECTU W THIposiornueckoro 3ddexra,
BBIYMCIIEHHOTO C UCIOJIb30BaHreM Mojienu ruapoioruun MERRA2 Ag,,,, coctaBnsier
+0,722 (npu ypoBHe 3HaunMocTH p < 0,001), 4TO 1EMOHCTPUPYET BHICOKYIO MPAMYIO
CBs3b Mexkay HUMHU. [0 pe3ynbTaTaM perpecCHOHHOTO aHallh3a cO3JaHa MOJIEIb AJIs
JOKaJIbHOTO YTOYHEHHUs TUAposiornyeckoro s¢¢ekra. PesynbTarel ananmusza cBuje-
TEJIBCTBYIOT O TOM, YTO TUAPOJIIOTHYECKUN 3PPEKT, BBIYUCIECHHBIH C UCIIOIb30BAaHUEM
mozaenu ruaponornd MERRA?2, nepeonieHnBaeT BIusHUE TUAPOIOTHHA HA YCKOPEHHUS
CHUJIBI TSDKECTH, @ TAK)KE HE YUUTHIBAET JIOKAJIBHOE 3ala3/bIBAHUE: HA YCKOPEHUS CHUJIBI
TSKECTHU BIIMAIOT MPEANIECTBYIOIINE 3HAYEHUS TUAPOJIOTHYEcKOro 3 dekra ot yaco-
BOro J10 48-uacosoro 3anasaeiBanus (Aght, Agh 2%, Agt-t8). Ipu aTom pu yBenu-
YeHUH THAPOJIOTUYECKOTO HETPHIMBHOTO 3P deKTa, BEIYUCICHHOTO IO MOJAETH THJ-
posioruu, Ha 1 mkl'an, yckopeHue Cuibl TSHKECTH pacTeT B cpeaHeM Ha 0,76 Mkl an.

Jlokanu3oBaHHYIO MOJEIb THAPOJIOTHYECKOro 3(p@exra MOKHO MPEACTABUTH B

AHAJINTHNYCCKOM BHUC:

AGhyaro = 30,99 Agmy — 2499495, — 3,249 — 2,0 4g,°. (4)



17

Cpennsisi abcontoTHass omuMOKa MPOrHO3a MO JaHHOM MOJENH, COCTaBIISET
2,57 mxl'an. Ilpennaraemasi monmpaBKa, BBIUUCIEHHAS 10 MOJIEIHA TUIPOJIOTHYECKUX
Harpy304HbIX JAeQopMaliuii, epeoLeHuBaeT BIUSIHIE U3MEHEHHUS! YPOBHS IT'PYHTOBBIX
BOJI HAa BpEMEHHbIE Bapualluy yCKOpeHUs cuJibl TsbkecTH Ha 30 %. Y4uer BiIusiHus He0O-
XOJIMMO BBINOJIHATH C UCIOJIb30BAHUEM 3HAYEHUM, BBIYMCIEHHBIX 110 MOJAEIN aTMO-
chepst MERRA?2 ¢ yyeTom nonpaBodHoro ko3 puiimenTa u 3aaepxku 1o (4).

Ha pucynke 3 moka3aHbl pe3yJibTaTbl yueTa FHAPOJIOrHYECKOTr0 HEMPUIMBHOTO

a¢ddekra 1mo J0KaITM30BaHHON MOICITH THIPOJIOTHH.

————— YcKopeHune cuiibl TAXeCTH
JNlokanbHbLIA rMaponorndecknin scpdexT
—— OcTaTo4Hble Bapuauum

10

Mkl an

—10-

—-15-

2022-01 2022-03 2022-05 2022-07 2022-09 2022-11
Bpems

Pucynox 3 — Pe3ynbpTaThl yueTa ruJpojI0oTrH4ecKOro HemprmiMBHOTO 3 dexra

BoABIIMHCTBO CYIIECTBYIONIUX METOIUK y4eTa HENMPUIMBHBIX d(P(HEKTOB Mmpe-
moJlaraeT IMOCJIEAOBATEIbHBIN YUYeT CHadajga aTMOoc(epHOro, a 3aTeM TUApOJIoTHYe-
CKOTO BO3AecTBUS. [I0CKONIBKY THIPOTIOTHYECKHIE U aTMOC(EPHBIC TTapaMeTPhI B He-
KOTOPOM CTENEHU CBS3aHbI MEXTY c000i olmiel Gpuzndeckon (KIMMaTHYeCKON) Ipu-
POJIOH, IPEICTABIIACTCS BO3MOKHBIM COBMECTHBIN Y4ET aTMOC(EPHOTO U THAPOIIOTH-
YECKOro HeMpWINBHBIX A (PekToB. B CBSA3M ¢ 3TUM, BO3HHKAET HEOOXOIUMOCTh CO3/1a-
HUS MeMOOUKU COBMECMHO20 Yuema HeNPUIUBHBIX I heKmoas.

CoznmanHass MOJENb y4deTa BKIIFOYACT OJHOBPEMEHHOE BIIMSIHHUE HA YCKOPCHHE

CWJIBI TSDKECTH aTMOC(HEpPHOTo U Tusposiorudeckoro 3¢ dextoB. Mojaens 3HauuMa 1mo
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kputepuro duirepa Ha BBICOKOM YpOBHE 3Ha4YMMOCTH. COBMECTHAs Bapualus BKIIO-
YEHHBIX B MOJCIb (haKTOPOB 00BsICHIET 91,42 % BapuaIuu yCKOPEHUS CHITBI TSYKECTH.
[Tpu NOBBIIIEHUH MOJEJBbHBIX 3HAYEHUN TUAPOIIOTMYECKOTO HEMPUIUBHOTO 3 deKTa
Ha | mkI['an yckopenue cuibl Tskxectr pacretr Ha 0,67 Mkl an; mpyu noBellIeHMH aTMO-
cdepnoro nasienus Ha 1 MOap — camkaercs Ha 0,45 Mx['an mpu MpoOYKX paBHBIX yCIIO-
Busix. Taxoke nmpocnexuBaercs BIMSHUE Ha YCKOPEHHUE CUJIbI TSYKECTH aTMOC(HEPHOTro
JABJICHUSI B IIPEIIECTBYIOIIMM Yac.

B Buze aHanMTHYECKOM BHJIE NMOJYYEHHYIO MOJIEIb MOKHO MPEACTABUTD CIIEY-

IOIIUM O00pa3oM:

AGnotidze = 0,67AGms — 0,45AP + 0,17AP 1, (5)

rae AP'™1 — snauenue aTMoc(epHOro JaBieHHs B IPEAMIECTBYOMIMUIA Yac.

Cpennsisi abconroTHasi omMOKa MPOrHO3a MO JTaHHOW Mojienu cocrtasiser 1,36
Mkl an. Ha pucynke 4 npencraBiieHbl (pakKTUUECKHE, TPOTHO3HBIE 3HAYEHUS U OCTAaTKU
monenu. TakuMm 0o0pa3oM, MPOTHO3HAsI CIIOCOOHOCTh JAHHOW MOJIEIH COBMECTHOTO
ydeTa HEeNPWIUBHBIX 3(P(PEKTOB BHIIIE [0 CPABHEHUIO C MOACIISIMH y4eTa HENPUIUB-

HBIX 3(()EKTOB MO OTAEIBHOCTH.

—— Ag, namepeHHoe gPhone
--- Ag NporHosHoe

20-
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Pucynok 4 — Pe3ynbTaThl COBMECTHOTO y4e€Ta HEMPUIUBHOIO 3P dexTa
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B uemseepmom pazoene npencrasnena anpodarus pazpaboTaHHON KOMIUIEKCHON
METOTUKH.

Pesynbrarom nmpumMeHeHns KOMIUIEKCHON METOIMKY y4eTa HeMPUINBHBIX Y Dek-
TOB SIBJISIETCS JIOKaJbHAs MOJIETh BPEMEHHBIX BapHallUi YCKOPEHUS CHUJIBI TSHKECTH,
nostyueHHas 1ig pyHaamentanbHoro nynkra I'@I'C.

JlokanbHasi MOJIENIb COCTOUT M3 TAKUX CHHTE3MPOBAHHBIX MApaMETPOB, KaK JIO-
KaJbHBIA IPUIUB; ABMKCHHUE 3€MHBIX MOJIF0OCOB; HEMPUIUBHBIC () (DEKTHI.

AnpropHasi OLEHKa TOYHOCTH JIOKAJIbHONW MOJEIN MOXET ObITh MOJy4yeHa M3
dbopmyiibl (2) u ObITH OlLIeHEHa (TIpU yueTe aTMOC(HEpPHOTO U THJIPOJIOTHYECKOr0 He-

NPUIUBHBIX 3QPEKTOB MO OTAEITHHOCTH):

mﬁ = mgide + mIZJOI + mtzirift + mlz)ar + mlzlydro + mg' (6)
e Meige= 0,2 Mkl 'an — ommbKa J0KaIbHONW MOJENN 36MHBIX TTPUIIMBOB;

Mpy; = 0,2 Mx['anm — ommOKka yuera JBHKEHUSI 36MHBIX MOJIOCOB;

Myrife= 0,5 MK['an — ommOKa y4era nperida Hyab-IlyHKTa TPaBUMETPA,;

Mpgr = 3,2 MK a1 — ommobKa ydera arMmochepHOTro HeMPUIUBHOTO hPeKTa;

Mpyaro= 1,4 MK['an — ommbKa yyeTa ImapoNOruYeCcKOro HENPUIMBHOTO (-
dekra;

m = 1,0 mxI["an — ommbka punprpanuu.

Cpennsis KBaJpaTUyeCKas OMMOKa MOJEIMPOBaHHs COCTABUT M,= 3,7 Mkl an, a
npenenbHas omuoOKa npu aoBeputTenbHoi BepositHoctu 0,954 coctaBut 7,4 mklan,
YTO yJIOBJIETBOPSET TPEOOBAHUSIM K TOYHOCTH aOCOTIOTHBIX OMPEIEICHUI Ha ITyHKTaX
I'®I'C B 8 Mkl an.

[Ipu coBMECTHOM yueTe HEeNpUIUBHBIX 3P(EKTOB CyMMapHas olKMOKa yyera
atMochepHOro H  ruApojoruueckoro sddexkra OyaeT ompeaereHa  Kak

Myotide = 1,4 MKl'an, Torna (6) 6yneTt nmpeoOpa3oBaHo:

2 _ 2 2 2 2 2
mg = Myide + Mpyy + mdrift + Myotide + mg. (7)
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Cpennsis KBajpaTuyecKas OmMOKa MOJENMpOBanus coctaBut my= 1,8 mklan,
a mpejenapHas olKroKa npu AoBepuTeabHOl BeposaTHocTH 0,954 coctaBut 3,6 Mkl an,
YTO B JIBa pa3a TOUYHEE, YEM MPHU Pa3/IeTbHOM YUETe BIUSHUS aTMOCHEPHOTO U THAPO-
JIOTUYECKOTO HEMPHIUBHBIX 3P(HEKTOB.

BrinonHeHa oneHKa penpe3eHTaTUBHOCTU MCXOJHBIX JaHHbIX. CliellaH BBIBOJ,
YTO MUHHMMAJbHBIM U JOCTATOYHBIA 3TAJIOHHBIM MHTEPBAI JJISi MOAECIUPOBAHUS CO-
craBisier 12 mecanes. [lanee peKkOMEHAYETCS BBINOJIHATh MEPUOAUUECKUN KOHTPOJIb
10 pe3yibTaTaM abCOTIOTHBIX OMPeIeNICHU HE peKe OJTHOTO pa3a B TO/I.

[To pe3ynbraraM HEe3aBUCUMOM OLICHKU pa3pab0TaHHON KOMIUJIEKCHON METOIUKHU
BPEMEHHBIC BapUALIMU YCKOPEHUS CUIIbI TSKECTH, BBIYMCICHHBIE IO PE3YyJIbTaTaM MO-
JEMUPOBAHUSA 110 TPejIaraéMoi KOMIJIEKCHOW METOJIMKE, ONMUCHIBAIOT (PaKTUYECKHE
BPEMEHHbBIE BApUAIMUA YCKOPEHUSI CWIIbI TSXKECTH B MPEIESIaX TOYHOCTH MU3MEPEHUM
u MoaenupoBanus. Ha pucyHke 5 nmpeacraBieHbl pe3yabTaTbl CPABHEHUM MPOTHO3HBIX
3HAUYECHUN HENPUIIMBHBIX BapHalllil YCKOPEHUS CHJIBI TSKECTH U PE3yJIbTaToB adCco-

JIOTHBIX onpeneneHuit oammuctuyeckuM rpasumerpoM FGS na mynkre TSNI.

--=- Ag NpOrHosHoe
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Pucynox 5 - HenpuiusHble IPOrHO3HbBIE BapUaLMU YCKOPEHUS CUJIBI TSXKECTU

U Pe3yIbTaThl A0COMIOTHBIX OIPEACICHUI
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ITpu pa3pa®oTke KOMIUIEKCHONM METOJUKU B KAaueCTBE 3TAJOHHOIO MHTEpBaja
ObUTH BEIOpaHbl HAOMIOACHUS, BhITTOIHEHHBIE B 2022 1. J[7151 OIIEHKM TOYHOCTH CO3/1aHa
JIOKaJIbHAsi MOJIEJb BPEMEHHBIX BapHallMil YCKOPEHMsI CHJIbI TSDKECTH JUIsl Iepruoaa
¢ 01 suBapsa 2015 r. mo 01 suBapsa 2023 r. [lony4deHHbIE NPOTrHO3HBIE 3HAYEHUS CPAB-
HUBAJIUCH C (PAKTHYECKH U3MEPEHHBIMU PUIIMBHBIM IPaBUMETPOM JaHHBIMHU, IIPEIBA-
PUTENBHO TMOATOTOBICHHBIMU IO pa3pabOTaHHOW METOJMKE aBTOMAaTH3UPOBAHHOM
npeaBapuTEIbHON 00pabOTKH.

Pe3ynpraThl M OnEHKAa KayecTBa MOJEIMPOBAHMS U1 3TATIOHHOIO WMHTEpBaia
(2022 r.) npencraBiieHsl Ha pucyHke 4. Ha pucyHke 6 npuBeAcHBI pe3yabTaThl ISl

CaMoOro yJIaJIEHHOT'O OT 3TaJOHHOI'O MHTEpBajia: aBrycr—aexaops 2015 r.

—— Ag, namepeHHoe gPhone
-=--Ag NpOrHo3Hoe
200 ownbKM Mmogenmn
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Pucynok 6 — Pe3ynbraThl MOZEIMpOBaHUS I HHTEpBaa aBrycr-aekadps 2015 .

N3 ananun3a ocTaTKOB (Pa3HUIILI PE3YJIbTATOB SKCIIEPUMEHTAIBHBIX HAOIIOICHUM
OPWINBHBIM TPAaBUMETPOM M IPOTHO3HBIX 3HAYEHUN YCKOPEHHUS CHUJIbl TSKECTH)
MOKHO 3aKJIFOUUTh, YTO BEJINYMHA BPEMEHHBIX Bapyalluii, HE YYTEHHBIX 110 Mpeasiara-
€MOM KOMIUIEKCHOW METOJIMKE, HE MPEBBIIIAET TPeOyeMOi TOYHOCTH K pe3yJibTaram
HAOJIIOICHHUH yCKOpEeHHMsI CUITbI TshKecTH Ha myHKTax [ @I'C. CpenHss kBajapaTudeckas

olrOKa MOJENMPOBAHUA 32 BECh MHTEPBa HaOI0IeHni cocTaBisieT 2,86 Mkl ai.
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MonenrpoBaHue HENPUIUBHOTO 3((HEKTa BBIMOIHIIOCH C UCIIOJIb30BAHUEM JIaH-
HBIX PErPECCHOHHON MOJEIIN, PEICTABIECHHON ypaBHEHUEM (5). Pe3ynbTarsl MOeIH-

pOBaHUs IPUBECHBI B Ta0IMIIE 1.

Tabnuma 1 — Pe3ynbTaThl COBMECTHOT'O MOJICITMPOBAHUS HEIPUIUBHOTO 3 dexTa
Ha nyHKTax ['@I'C

CranpapTtHas Kosddumment
. [TapameTpsl ommoOKa
OueHuBaembIil pakTop /-CTaTUCTUKH | 3HAYUMOCTHU
MOJEIH oTpesieIeHuUs
perpeccum, p
apaMeTpoB
[Muaponorus 0,673630 0,018735 35,95477 <0,0001
ATMocdepHOe naBiIcHUE -0,454732 0,087467 -5,198885 <0,0001
AT™MocdepHoe napneHue (-1 gac) 0,170100 0,087328 1,947838 0,0514
Ko>ddunuent nerepmunanyu R’ 0,914413  |[F-cmamucmuka 5300,625
gfoPpeKTHpOBaHHHH Koo prmmenT 0,914240 |p (F-cmamucmuxka) <0,0001

MaxkcruMaibHble aOCOJIOTHBIE OTKJIOHEHMS OCTATOYHBIX BapHaIUil yCKOpEHUS
CWJIBI TSPKECTH HAOIIOAAIOTCS B IIEPUOJIbI, KOT/la aTMOC(epHOE JaBlIeHHUE JOCTUTAET
MakcHUMallbHbIX 3HaueHu (cBbie 1 030 mOap) u nocturarot 7 Mkl aj, 4To HE MPEBBI-
maer TpeOyeMyr0 TOYHOCTb OIpEAETICHHUs] 3HAUEHHUsSI YCKOPEHUS CUJIbl TSKECTH Ha
nyHkTax ['®I'C B 8 MxI a1, monyyeHHy0 B pe3ybTaTe UCIO0JIb30BaHus anroputMa (7).

MunHnManbHbIe OTKJIOHEHUS HAOMIONAI0TCS B IEPUOJIBI C alPesisl 110 HIOJIb U C OK-
Ts0ps 110 AeKaOpb. ITO 0OYCIIOBJIEHO TEM, UTO B TH BPEMEHHBIE IPOMEXKYTKU HaOIr0-
JAIOTCSl HaMMEHbILKME KoJieOaHUs B BapHalMAX aTMOC(EepHOro NaBiICHHUS U OTCYT-
CTBYIOT 3KCTPEMYMBI YPOBHSI IPYHTOBBIX BOJI. B CBSI3U C 3TUM pEKOMEHAYETCS BBINOJI-

HATb Ha6JII-O,Z[eHI/ISI YCKOPCHUS CUJIBI TSKCCTU B BECCHHE-JICTHUH U OCCHHUU IICpuoOabI.

3AKJIIOYEHUE

B utore BRIMOJHEHUS TUCCEPTAITMOHHON PaOOTHI C IEJIbI0 MTOBBIIIEHUS TOYHOCTH
ydyeTa BPEMEHHbBIX Bapualllil yCKOpeHHs cuilbl TskecTH Ha nmyHkTax ['dI'C Poccuii-
ckoii Denepanun Obuta pa3paboTaHa KOMIUIEKCHAST METOAMKA y4eTa HENMPUIUBHBIX
3¢ (}HeKTOB U MPOBEEHO €€ HKCIIEPUMEHTAIBLHOE UCCIIeI0OBAaHUE 110 JAaHHBIM aOCOTIOT-

HBIX 1 OTHOCUTCIIBHBIX I'PABUMCTPHUUICCKHUX OHpeﬂGHCHHﬁ.
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OCHOBHBIC HAy4YHbIE M MPAKTUUYECKUE pe3ynbmambl 3aKII0YalOTCId B PEIICHUU
CIEQYIOIIMNX OCHOBHBIX HAYYHO-TEXHHUYECKUX BOIIPOCOB:

— BBITIOJIHEH MH(OPMAIIMOHHO-aHATMTUYECKUH 0030p CYIIECTBYIOIIMX CIIOCOO0B
MCCIIEIOBAaHUSI BPEMEHHBIX BapUAIIUK YCKOPEHUS CUIIbI TSHKECTU U YUETA BIUSHUS HE-
IPUIMBHBIX 3(PGEKTOB, KOTOPHIH TO3BOJU BBIIBUTh HEJIOCTATKH CYIIECTBYIOIIHUX
croco00B 00pabOTKM rpaBUMETPUUECKON MH(pOpMAIIMKU, UCCIEIOBAHUS U ydeTa He-
NPWIUBHBIX () (HEKTOB 1 CPOPMYITHPOBATSH 11€TTh U OCHOBHBIC HAYYHO-TEXHUYECKHUE 3a-
Jla4y TUCCEPTALIMOHHOTO UCCIIEIOBAHUS;

— pa3paboTaHHbIC TPEOOBAHKS ¥ METOAUKH MTPOBEACHHUS U MIPEABAPUTEIBHON 00-
paboTKH Pe3yIbTaTOB MOHUTOPUHTOBBIX HAOIIOACHUN YCKOPEHUS CHIIBI TSKECTH OT-
HOCHUTEJIbHBIMUA TPaBUMETPAMH MPWIMBHOTO THUIIA MO3BOJISIOT MOJYYUTh HEIPUIUB-
HbI€ BapHallii B ABTOMAaTHYECKOM PEKUME;

— MPOU3BE/ICHHAS OlLIEHKA BIUSHUS U3MEHEHUS THAPOJIOTUYECKUX U aTMOC(EpPHBIX
MapaMeTpoB HA U3MEHEHHUS YCKOPEHHUSI CHIIbI TSDKECTH BO BPEMEHH O3BOJIMIIA Pa3pado-
TaTh KOMIUIEKCHYIO METOJMKY Y4Y€Ta BPEMEHHBIX BapHUallMil YCKOPEHUS CUJIbI TSHKECTH
IO JIOKQJIbHBIM JIAHHBIM M CO3/1aTh JIOKAJIbHYIO MOJIEIb BPEMEHHBIX BApUALIN YCKOPEHNUS
CHJIBI TSKECTH, UTO MO3BOJIAET MOBBICUTh TOYHOCTH ONPEAEIICHUS MTHOBEHHOTO 3Haye-
HUSI YCKOPEHUS CUJIBI TSHKECTH 0€3 ITPOBEICHUST HEMOCPEICTBEHHBIX U3MEPEHUM;

— BBINIOJIHEHHBIC SKCIIEPUMEHTAJIBHBIC UCCIICIOBAHUS pa3pab0TaHHOW KOMILICKC-
HOM METOJIMKY C UCTI0JIb30BAHUEM HE3aBUCUMBIX OTHOCUTEIbHBIX M a0COTIOTHBIX I'pa-
BUMETPUYCCKUX OTPEICICHUN JTOKa3bIBAlOT d(PPEKTUBHOCTh pa3pabOTaHHOW KOM-
IUICKCHOM METOTUKH.

Pe3ynbpraTel nuccepTalimoOHHOTO UCCIEA0BAHUS PEKOMEHAYIOTCS K MCIOJIb30Ba-
HUIO TIpu noAAepkanuu u pazButuu I ®I'C, a Takke 11 TaJbHEHIIIETr0 UCCIeI0BaHUS
BPEMEHHBIX BapHalllil YCKOPEHUS CUJIbI TSXKECTH.

[TepcrieKTUBBI JAIBHEUIITUX UCCIENOBAHUN O TAHHOMY HAIIPABJICHUIO 3aKIIF0Ya-
I0TCSl B IPOBEJICHUH JAJIbHEUIINX UCCiIeA0oBaHMUi Ha pyrux myHkrax ['®I'C gns co-
3aHUs €JUHOW KOMIUIEKCHON MOJIETIM BPEMEHHBIX BapUAMKA YCKOPEHHUS CUJIBI TSKE-

ctu Ha Tepputopun Poccurickoin @enepanuu.
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