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0 IUIOTHOCTH (Ppg) C HCIIOIB30BAaHUEM OJMIKHEIO MAETEKTOpa, BBIIIOJHEHHOTO C BO3MOXKHOCTHIO
OOHApPYKCHUST OTPAKEHUI CHrHANA, MEPEAAHHOTO B CKBAKUHHYIO (POPMAIUIO, MOJIYYCHHE BTOPBIX
JAHHBIX O TUIOTHOCTH (Pjy) ¢ UCIIONB30BAHUEM JAJIbHETO JETEKTOPA, BBHITIOIHEHHOTO C BO3MOXKHOCTBHIO
0oOHapyXCHUSI OTPaKCHUI IepenaBacMOr0 CUTHAIA W3 CKBAXHHHOW (OpPMAINH, TPH ITOM NaTbHHUA
JICTEKTOP PACIIOJIOKCH Ha OOJIbIIEM PACCTOSHUM OT HCTOYHHMKA, YeM OJNMKHHUU JETEKTOp, a TaKKe
oTIpeJieNIeHNe TOTO, MOMAaaeT JIM M3MEPEHHAs TOYKa JTAaHHBIX Ha OCHOBE Ppy M Py B OONIACTh €IWHCTBA
rpaduka U1 y4eTa BIUSHHS TIHHICTOW KOPKH Ha TTOKa3aHMsI ABYX30HIOBOTO TUIOTHOCTHOTO KapoTaXa
(spine-and-rib). Eciiu u3mepeHHas Touka JaHHBIX TIOMAAacT B 00JIACTh CIUHCTBA, INIOTHOCTh (popMaruu
OTIPENIeNIAIOT TOCPEACTBOM TEPBUYHOM MaTeMaTH4ecKOW 3aBUCHMOCTH, a €CIM H3MEpeHHas TOdYKa
JTAHHBIX HE IOIajaeT B 00JacTh SAWHCTBA, TNIOTHOCTH (DOPMALIUHU OMPEACIISIOT TOCPEICTBOM BTOPUIHOM
MaTeMaTH4eCKOM 3aBUCUMOCTH, OTIINYHOM OT NEPBUYHON MaTeMaruuecKol 3aBUCUMOCTH.
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VJIVUILEHHBIM METO/I TIOCTPOEHUSI TPA®UKA «SPINE-AND-RIB» ITPU OLIEHKE
IDIOTHOCTU ®OPMAILIMHN

TMPEAITOCBUIKHM CO3JJAHW A U3OBPETEHM

[0001] BapuanTtel OCYINECTBICHHA, ONHCAHHBIC B HACTOAMEM JOKYMECHTE, IO CyIICCTBY
OTHOCATCSA K ONEpanMsAM IO Pa3BEAKe M J0OBME B CKBAKHHAX B OTPACIH OTPAOOTKHU IOJEC3HbIX
HCKOTAEMBIX M, B YACTHOCTH, K TEXHHYCCKMM MPHEMAM TE€OHABHTALMU U ONPEACNICHHS IUIOTHOCTH

(opmariu npu 6y peHUH.

[0002] Omnepauun mo pas3BeAke H J0OBYE B CKBAKHHAX MPEAYCMATPHBAIOT CIYCK PA3IHYHbBIX
JATYHKOB M MHCTPYMCHTOB. JIaTUHKH MPEIOCTABILIOT HHPOPMALHMIO O CPeJc B CKBAKHHE, HAIIPHMED
MOCPEACTBOM cOOpa JAHHBIX O TEMIIEPATypPe, IUNIOTHOCTH, HACBHINCHUH, YACIbHOM CONPOTHBICHUH, a
Takke MHOTHX APYTHX IapaMerpax. Jta HH(popMamus MOKET OBbITh HCIIOJB30BaHA UL YIPABICHHS
acriekramMu OypeHHs, a TAKKe HHCTPYMEHTAMH HJIH CHCTEMAaMH, PAaCIIOJIO)KCHHBIMH B KOMIIOHOBKE HH3a

OypUIbHOH KOJIOHHBI, BAOJb Oy PHIBHOH KOJOHHBI HIIM HA OBEPXHOCTH.
H3JIOXEHHME CYIIHOCTU M30BPETEHHA

[0003] HexoTopsle BapHaHTBI OCYLIECTBICHHA HACTOAINETO H300PETEHHS OTHOCATCA K
Croco6aM OmpeIeICHUS TIOTHOCTH CKBOXHHHBIX (popMmanmii. CoCcoOBI BKITFOUAOT MOy YCHHE TIEPBBIX
JAHHBIX O TUIOTHOCTH ( Pp; ) C HCHONB30BAHHEM OIHJKHETO JETEKTOPA, BBIMOJHEHHOTO C
BO3MOXKHOCTBEO OOHAPY’)KCHHS OTPAOKCHHH CHTHANA, TNCPSJIAHHOTO B CKBAKHHHYIO (DOPMALIHIO,
HOTYYEHHE BTOPBIX JAHHBIX O IUIOTHOCTH ( Py ) C HCHOOIB30BAHHEM JATbHETO JETEKTOPA,
BBINOJHEHHOTO C BO3MO)KHOCTBHIO OOHAPY KCHHS OTPAKCHHUH MEPEIaBACMOT0 CHIHAJNA U3 CKBAKUHHOU
(opManmH, TPH 3TOM JATBHHH JCTCKTOP PACIOIOKCH HA OONBIICM PACCTOSHHH OT MCTOYHHKA, YCM
OJKHUH TETEKTOP, a TAKKE ONPEICIICHAE TOTO, MOMAJACT JIM H3MEPECHHAS TOUKA JTAHHBIX HA OCHOBE
Ppp U Py B 0O0OINACTh €IMHCTBA Tpauka AIA y4YeTa BIMAHHA TIMHACTOH KOPKH HA MOKA3AHHS
JBYX30HIOBOTO IJIOTHOCTHOTO KapoTaxa (spine-and-rib). Ecim m3mMepeHHas TOUKA JAHHBIX ITOTAIACT B
00JacTh €OMHCTBA, IUIOTHOCTH (DOPMAIIMH ONPEICIIOT IOCPEICTBOM IIEPBHYHOH MATEMATHUYCCKOH
3aBHCHMOCTH, 4 €CJIM H3MCPCHHAs TOYKA JAHHBIX HE IONMAJACT B OOJACTh CGJMHCTBA, IUIOTHOCTH
(dopManMK OMPESACTAIOT TMOCPSACTBOM BTOPHYHONH MATCMATHYCCKOW 3aBHCHMOCTH, OTIMYHOH OT

MEPBUYHON MAaTEMATHYECCKOHN 3aBHCHMOCTH.

[0004] Hexkoropsle BapHaHTBI OCYHICCTBICHHS HACTOSINETO HM300PETCHUS OTHOCATCS K
crocobaM omnpeseIeHIs IUNIOTHOCTH CKBAKHHHBIX (DOPMAIHi, BKIIFOUAOIIMM I'SHEPHPOBAHUE JAHHBIX
CKBA)KHHHOTO HHCTPYMCHTA, HMCIOJB3YEMOTO I H3MECPECHHS IUIOTHOCTH CKBOKHHHOHN (hopmarmm,
TCHEPUPOBAHHE HEOOXOAWMBIX [JAHHBIX, COJCPKAIIMX HH()OPMANWIO O 3HAYCHHUAX OTKIOHCHHSL,

VACTFHOM Bece OypoBOrO pacTBOpa W JHMANA30HC MOTCHIMANBHBIX IUIOTHOCTSH (hpopmanmy,



HUCTOJBb30BAHUC MAHHBIX HHCTPYMCHTA H H606X0}_II/IMI>IX JAHHBIX, TCHCPHPOBAHUC Ha6opa OTBCTOB
OJIKHETO M TATBHETO AETCKTOPOB, TEHEPHPOBAHHUE HAOOPa OCHOBHBIX TOYEK, MOKA3BIBAIOINHIX (P dekT
TJIMHACTOH KOpKH, rpaduka «spine-and-rib» Ha ocHOBe Habopa OTBETOB, MOIyUYCHHE HAOOpA IEPBBIX
MATEMATHYECKHX 3aBHCHMOCTCH HAa OCHOBE OCHOBHBIX TOYCK, MOKA3BIBAFOINUX 3((PEKT IIHHHCTOH
KOPKH, OIpeaeicHHEe 00macTu eamHCTBA rpaduka «spine-and-rib» HA OCHOBE OCHOBHBIX TOUCK,
MOKAa3bIBAIOIIMX 3(P(PEKT IIMUHUCTON KOPKH, H TCHEPHPOBAHUE CIIPABOYHOM TaOIHUIbI HA OCHOBE Habopa

NCPBBIX MATEMATHICCKUX 3aBUCHMOCTCH.

[0005] JIOMOTHUTEABHBIE TEXHUYECKUE DSJICMECHTHI U MPEHMYINECTBA PEAIU30BAHBI UEPE3
TCXHUYICCKHE IIPHUEMBI HACTOAIICTO I/I306peTeHI/I5{. BapI/IaHTbI OCYHICCTBJICHUA U ACIICKTBI HACTOAIICTO
I/I306peTeHI/I}I HOILpO6HO OImUCaHbl B HACTOAICM OOKYMCHTC H CUYHTAKOTCA YACTBHO 3aABJICHHOTO
oObekra u3o0percHuA. [ JIydyIIEro NOHHMAHUS CM. NOAPOOHOE ONMHCAHHE H TrpaduuccKue

MAaTepHAJIbL.

KPATKOE OIMMCAHUE I'PAOGHUYECKHUX MATEPHAJIOB

[0006] Ha rpaguueckux marepranax OJUHAKOBBIC HJICMEHTHI MPOHYMEPOBAHBI OJWHAKOBO HA

HECKOJIBKUX (DHTYpax:

[0007] Ha OUI. 1 mnpeacTaBlIeHO CXEMAaTHYECKOE H300PAKCHUE CHCTEMbI CKBAXKHHHOH

OncCpanuu, BKJIFOYAOIICH BAPUAHTHI OCYIICCTBIICHUA HACTOAIICTO I/l306pCTCHI/[$I;

[0008] Ha OUI. 2 mokazaHa ONOK-CXEMa CHCTEMBI OOpPAOOTKH OAHHBIX, KOTOPYIO MOIKHO
HCTOJIb30BAaTh [ peaju3ald OOJBINEr0 YHCIA BapHAHTOB OCYINCCTBICHHS HACTOSIICTO

H300PCTCHUA,

[0009] Ha OUI'. 3A mpeacTaBICHO CXEMATHUYCCKOS H300PAKCHHAC CKBAYKHHHOTO WHCTPYMCHTA,
PACTIOJIOKCHHOTO BOTHM3H (DOPMAIIMM W BBIMIOJHCHHOTO C BO3MOJXKHOCTBEO H3MCPCHHA ILUTOTHOCTH

(opmanmm,

[0010] Ha OUI'. 3B moka3aHO CMEIICHHE CKBA)KUHHOTO HHCTPYMEHTA, MPEACTABICHHOTO HA

OUT". 3A, ot (popMammH 3a CUCT 3230Pa MSKIY 00CATHOH KOJIOHHOW W CTCHKOW CKBAYKHHEI,

[0011] Ha OUTI. 4 npencrasieH npumep rpaduka «spine-and-rib» B COOTBETCTBHH C BAPHAHTOM

OCYIICCTBJICHHA HACTOAIICTO H306p€TeHI/I}I;

[0012] Ha OUI'. 5 mpeacTaBlicH NPOLECC MOIYUYCHHS AJITOPHTMA JJIS ONPEACACHUS ILIOTHOCTH

(hopMAIMH B COOTBETCTBHH C BAPHAHTOM OCY IIECCTBIICHHSI HACTOSINECTO H30OPCTCHHS,

[0013] Ha ®UI". 6A mpeacrasieH mpuMep cxeMbl «spine-and-rib» B COOTBETCTBHH C BAPHAHTOM

OCYIICCTBJICHHA HACTOAIICTO H306p€TeHI/I}I;



[0014] OUI". 6B mpeacraemsaeT coboit ogHY u Ty ke cXeMy «spine-and-riby, mokazaHHYIO Ha
OUI'. 6A, WLTOCTPUPYIOUIYI0 OOIACTh CIHHCTBA, ONMPEACICHHYIO B COOTBETCTBHH C BAPHAHTOM

OCYIICCTBJICHHA HACTOALICTO H306p€TeHI/I}I;

[0015] Ha OUI'. 7A mpencraBieH cxeMaTHUECKHH rpaduk HacTH cxeMbl «spine-and-rib»,
WITFOCTPUPYIOIIHH HTEPATHBHBIN MPOLECC AJII 3aNOJHEHHS CIPABOYHON TaOJMIBI B COOTBETCTBHH C

BAPHUAHTOM OCYHICCTBJICHHUA HACTOAIICTO I/I306peTeHI/I5{;

[0016] Ha OUI'. 7B mpexacraBicH rpa)uk 4acTH HTCPATHBHOTO IPOIECCA, IMOKA3aHHOTO HA
OUI". 7A, mna ompenencHHA TOYKH HA HCH3BCCTHOW JIMHHU TOYCK, MOKA3BIBAIOIICH BIHMAHUC

TJIMHHCTOH KOPKH,

[0017] Ha OUI'. 7C mpexacraBicH rpauk 4acTH HTCPATHBHOTO IPOIECCA, IMOKA3aHHOTO HA
OUI". 7A, nng ompenencHHA TOYKH HA HCH3BCCTHOM JIMHHU TOYCK, MOKA3BIBAIOLICH BIMAHUC

TJIMHUCTOH KOPKH,

[0018] Ha OUI'. 8 mpeacTaBicH MpoUECcC ONMPEACICHHUS IIOTHOCTH (DOPMALMH B COOTBETCTBHH C

OJHHUM BAPHAHTOM OCYILICCTBJICHUA HACTOAICTO H306pereHm1; "

[0019] Ha ®UI". 9 mpencTasieH cxeMaTHYECKUI TPa(UK, MPeACTABISIOMMN MOJTHHOM TPETHETO
MOPSIKA, MCIONB3YEMBIH IS ONPEACICHUS IUIOTHOCTH (POpMALMH B COOTBETCTBHH C BapHAHTOM

OCYIICCTBJICHHA HACTOALICTO I/I306peTeHI/UI.

IMNOJPOBHOE OITMCAHHE

[0020] CoBpeMeHHBIC KOMIIOHOBKH HHu3a OypmibHOH koioHHBI (KHBK) comepskar HecKOJIBKO
PACIPCACTICHHBIX KOMIIOHCHTOB, TAKHX KAK JATYAKH M HHCTPYMCHTBI, [AC KAKIBIH KOMIOHCHT
BBINOJHAET cOOp W/ 0OpabOTKY JAHHBIX AN KOHKPETHOH memd. [IpuMmep MOJydYCHHBIX JaHHBIX
OMHOTO THIA MOJXKCT BKIFOYATH JAHHBIC CKBAKHHHOTO WCCIICAOBAHHA W/WIH HWHQPOPMADHUIO O

IUTOTHOCTH (DOPMAITHH.

[0021] Ha ©UI'. 1 mokasaH BapHAHT OCYIICCTBICHUA CACTEMBI 100 11 BHIMONHCHHUA PadoT B
SHCPrCTUYUCCKOW OTpaciu (HAmp., MOA3CMHOTO OYPCHHA, M3MCPCHHUSA, CTHMYJIANUH W/WIH JOOBIMH).
Cucrema 100 Brmoudaer B ceOs KOMOHHY CKBAXUHBI 102, pacnonoskeHHYIO B ckpakuHe 104, KOTOpas
MPOHAUKACT KAK MHHUMYM HA OJHY Te0JIormyecKyro (opmammro 106 B mporecce OypeHHs HIH JPYTOH
CKBA)XHHHOM omepammy. Kak OmmcaHo B HACTOSINEM JOKYMEHTE, «OypoBas CKBOXHHA» HIH «CTBOI
CKB)KHHBDY — 3TO YaCTh OTBEPCTHUS WM MOJHOE OTBEPCTHE OyPOBOH CKBAKUHBL. CIIEIyEeT OTMETHTD,
yT0 CKBaKWHA 104 MOKeT BKIFOUAaTh B CeOS BEPTHKAIBHBIC, TOPH3OHTANBHBIC W/HIH MCHSIOIIMC
HANPABICHAS CEKI[MH H MOYKET HMETH JFOOYI0 HEOOXOIMMYFO0 TpacKkToprio. Kak ommcano B HaCTOAMIEM
JOKYMEHTE, «(opManum» OTHOCATCA K PA3IMYHBIM 3JIEMECHTAM W MarephanaM (HampuMep, TopHas

OpoAa), KOTOPBIE BCTPEUYAOTCS B IOPOJAX B KPOBJIC U MOJOIMIBE U OKPY>KAKOT CTBOJ CKBAKHUHBI 104.



[0022] KomnonHna cksakuns! 102 ()yHKIIHOHAIBHO COSTHHEHA C IOBEPXHOCTHOM CTPYKTY POl Hin
TIOBEPXHOCTHBIM 000pPY/IOBAaHHEM, TAaKHM Kak OypoBas ycraHoBka 108, koropast BKIIOUYaeT B ceOs WIH
COCIUHCHA C PA3IHYHBIMH KOMIIOHCHTAMH, TAKMMH KAK MOBEPXHOCTHBIM mpuBOAHOH 110 (Tamke
BEPXHHH NPHBOJHOH) H/HWIM TOBOPOTHBIH CTON 112 111 MOAACP)KKH KOJOHHBI CKBAXXHHBI 102,
BpAlICHUA KOJOHHBI CKBAXUHBI 102 M CHIDKCHHSA CEKIHMH KOJOHHBI HIIM JPYTHX CKBAYKUHHBIX
KOMIIOHCHTOB B CTBOJIC CKBAKUHBI 104. B 0MHOM BapHaHTE OCYHICCTBICHUA KOJIOHHA CKBAYKHHBI 102
MPEaCTaBIICT COO0H OYPOBYIO KOJIOHHY, COACPYKAINYIO OTHY M Oojiee cekuuit OypoBoit TpyOsr 114,
KOTOPBIC MPOXOAAT BHH3 B CKBaXHHY 104, W COCOMHCHBI C OAHHM HIH O0JIce CKBAKUHHBIMH
KOMIIOHCHTAMHU (CKBAOKHHHBIMH HHCTPYMCHTAMH), BBIMOJHCHHBIMH B BHAC KOMIIOHOBKH HIDKHEH
yactu OypuibHON konoHHBl (KHBK) 116. KHBK 116 Mo)ker ObITh HENOABIDKHO COCAMHECHA C
KOJIOHHOM ckBakuHBI 102 TakuM oOpa3oM, YTO BpAIICHHE KOJIOHHBI CKBAXHHBI 102 BBHI3BIBACT

ppamenue KHBK 116.

[0023] KHBK 116 Briarouaet B ce0s1 yCTPOMCTBO MEXaHHUYECKOTO paspymeHus 118 (Hampumep,
OypoBoe J0I0TO), KOTOpOE B JAHHOM BAPHAHTE OCYINECCTBICHHA NPUBOJUTCS B BIDKCHHE OT
MOBEPXHOCTH, HO MOXKET OBITh IPHBEICHO B ABH)KCHHE U3 CKBAKUHHOTO OTBEPCTHUS (HAIPHMEp, C
MOMOMIBI) THAPABIMUYCCKOro 3aboitHoro apmrarest). Cucrema 100 MOXeT BKIHOYATH B CeOs
KOMIIOHEHTHI [UI1 NPUBEACHHA B ACHCTBHE LHPKYJHPYIOINEH >kuaxoctd 120, taxoi kak OypoBoi
pacTBop, Yepe3 BHYTPECHHEE OTBEPCTHE KOJIOHHBI CKBOKHHBI 102 H KOJBLEBOC MPOCTPAHCTBO MEXKIY
KOJOHHOM ckBakuHbl 102 U creHkoil ckBakuHbl 104. Hampumep, B JaHHOM HJUTFOCTPATHBHOM
BAPUAHTE OCYIICCTBICHUS HACOCHOE YCTPOUCTBO 122 pacmoioKeHO HA MOBEPXHOCTH IS HUPKY JALUU
skuakoctd 120 w3 Oaka ayist OypoBOTO pacTBopa Wid Apyroi emxoctu 124 B ckBakuny 104, xoraa
YCTPOUCTBO MEXaHW4eCKoro paspymeHus 118 ppamaercsa (Hampumep, MyTeM BPALUCHUS KOJOHHBI

CKBAKHHBI 102 u/uau 3a00HHOTO JBUTATEIIA).

[0024] B mnmocTpaTHBHOM BapHAHTE OCYIIECTBJICHHU:A, Moka3aHHOM Ha OUI'. 1, cucrema 100
BKJTFOUACT B CeOA y3eI HANpaBICHUA OypeHusa 126, BBIIOTHCHHBIH C BOSMOKHOCTBIO VIIPABICHUA HITH
HATIPABICHHA KOJIOHHBI CKBAKHMHBI 102 M yCTpOHCTBO MEXaHHMYECKOro paspymeHus 118 Baods
BBIODAHHOH TPACKTOPHH. Y3€l HampapicHU OypeHms 126 MOkeT MMeTh TFOOYH0 KOH(HIYPALHIo,
TMOIXOAAINYI0 [ HANPABJICHUSA WIH VOpaBiAcHHA Oypopoil komoHHOW 102. TlpuMmepsl y3moB
HATIPABJICHUA OYPCHHA BKITFOYAIOT B COs, OC3 OTPaHMUCHHIA, V37161 3a00HHOTO ABHTATCII (HAPUMED,
V316l ABUTATENI C MEXAHH3MOM HCKPHBICHHS), OTKIOHSIOIIME KIWHBI, TYPOHHBI H POTOPHBIC

YOPABISICMBIC CHCTCMBI.

[0025] B oaHOM HEOTpPAaHMYMTEILHOM BAPHAHTE y3EJI HANPABICHUS OypeHUs 126 BHINOIHCH B
BHJIC POTOPHOTO YIIPABILIIOMIETO yCTpoiicTea, odpasyromero KHBK 116 wmu wacts KHBK 116. V3en
HampaBcHA OypeHus 126 BKIIOYACT B CeOA HCBPAMAOINYOCA WIH MCAJICHHO BPATIAIOINYOCS THIIB3Y
128, xoTOpas BKIFOYACT B ceOs OMH WK OO0JICEe PaHaIbHO PACTSDKHMBIH BKIAAbI 130 (pacTssKuMBbIiH

B HANPABJICHWH, TNCPICHAMKYAPHOM NPOJOIBHOH OCH THIB3bI). Brmagepmmu 130 moryt OBITh



PaCHoOJIOKCHBI B PA3HBIX MCCTOIOJJOKCHUAX BAOJb OKPYKHOCTH THIIB3bI 128 u BBIMOJIHEHBI C
BO3MOKHOCTBH) PCTryJIUPOBKH IO OTACIPHOCTH HJIM COBMCCTHO A1 OTKJIOHCHHA YCTPOfICTBa

MEXAHUYECKOTO paspylucHus 118 myTem 3anenieHusa CTEHKU CKBaKUHBI 104.

[0026] Cuctema 100 MoOkeT Tawke BKIFOYATE B CE0S KOHTPOJUICP, BBHIOJTHCHHBIN C
BO3MO)KHOCTBIO TIPHBEACHHUS B JACHCTBHE MM yIpaBicHusA padoTod Bkiaamsimeidl 130 Ha ocHOBe
uH(pOpMALNU O HAPABJICHUH, MOy YECHHOH OT TaTYMKOB HampapicHUs, pacnonoxeHHbIx B KHBK 116
w/num B KOMOHHE 102 ckBakuHbl JlaTYMK (JATYMKH) HANPABICHHA MOXET (MOTYT) OBITh
pacmookeH(bI) Ha y3I¢ HampaBicHHA OypeHusA 126, B HEM WM psaaoM ¢ HEM. JIaTyuK (JATYHKH)
HANPABICHUSA MOJKET (MOTYT) BKJIOYAaThb B CcOA OAMH MIM 00Jee THPOCKONMMYECKUX IPHOOPOB
(HanpuMep, TUPOJATYMKH MM JATYUKU CKOPOCTH BPAIUCHHA 36MJIM) H TAKXKE BKIOYATh OJUH HIIH
0oyiee MATHHTOMETPOB (T. €. JATYMKOB MAarHUTHOTO IOJI) H/WIM OZHH WM 00Jiee aKCeIepoOMETPOB

(HampuMep, TaTIHKOB YCKOPCHHUS HW/HIIH JATYHKOB TSHKECTH).

[0027] B omnoM BapmaHTe ocymiecTBieHHA cuctema 100 Brimrouaer B cebd ommH wim Oolee
y310B 132 1aTYHKOB, BBIIOJTHCHHBIX C BO3MOKHOCTBIO BBINOJHCHHA H3MECPCHHH IapaMETPOB,
OTHOCAIIUXCA K IIOJIOXKCHHIO W/HIM HANpPaBICHUIO KOJOHHBI 102 CKBOKUHBL, YCTPOHCTBY
MEXaHH4IeCKOro paspyieHus 118 w/wm y3my Hampasiaenus Oypenus 126. Kak mokazano Ha OUTI. 1,
y37a61 132 1aTYHKOB MOTYT OBITH PACHOJIOXKCHBI B OJHOM MM 0OJIee PA3IHYHBIX MECTAX, TAKHX KAK
rmib3a 128, Ha wom BOMH3HM YCTPOMCTBA MEXaHHYECKOro paszpymieHHa 118, w/mmu Ha apyrux
KoMITOHeHTaxX KoJOHHBI 102 ckpakuns! w/mmn KHBK 116. Hampumep, y3en 132 qatuukoB MOKeT OBITH
pacmosyiokeH Ha omHOH mim Oosee cekumsax 134 crabwmmzaropa y3na HampasieHus OypeHus 126.
CrneunamictaM B JAHHOH 00JACTH CIEAYET HMETh B BUAY, YTO JOIMYCKACTCS COCIUHCHHE THIIB3BI 128 C
KONOHHOM 102 CKBaKMHBI TOCPEACTBOM y3/a MOAINMIHHKA IJIM JPYrOr0  MEXAHH3MA,

066CHC‘II/IBaIOH.[er0 BPALICHUC THJIB3bI HC3ABUCUMO OT BPALICHUA KOJIOHHBI CKBAYKHUHBI.

[0028] Cuctema 100 MOXKET BKIHOUATh B CCOS OOWH WM HECCKOJIBKO M3 PA3IHIHBIX
HHCTPYMCHTOB HWJIH KOMIIOHCHTOB, BBIIIOJIHCHHBIX C BO3MOJKHOCTBEO OCYINCCTBJICHHS BBIOPAHHBIX
(YHKIMHA B CKBAXWHE, TAKUX KAK BBIOJHCHAC M3MEPCHUH/HNCCICAOBAHANN B CKBAKMHAX (HAIPHMED,
H3MEpeHHH And OUCHKH (DOpMAIMy, HW3MEPCHHH IO PA3IHYHBIM HANPABICHHSAM H T. 1.), OOMEH
JAHHBIMH  (HampuMep, TEHEepaTop WMIYJIbCOB [JABJICHHA B CTOIOE OYypoBOrO  pacTeopa,
KOMMY HUKAITMOHHBIN MCPSBOIHUK 1 TPYO ¢ KabemeM | T. 10.), 0OCCTICUCHUS HNICKTPHICCKOM SHCPTHH
H apyroe (Hampmmep, TypOmHA OypoOBOTO pacTBOpa, TCHEpaTop, Oatapes, YCTPOHCTBO XPAHCHHSA
JAHHBIX, YCTPOHUCTBO 0OpabOTKM JAHHBIX, MOACM, THAPABIHYCCKOC YCTPOHCTBO W T. A.). Hampumep,
YCTpOiicTBO HampaBicHHA OypeHHSA 126 MOXKET OBITh COCIWHCHO C OJHAM HIIH O0JICC JATUHKAMH,
TaKMMH KaK HHCTPYMEHT BH3yalH3aliH B ramma-mydax 136. Taxoil HHCTPYMEHT BH3yald3aluH B

raMMa-ty4dax 136 gomyckaeTcs HCHOIb30BaTh AT H3MEPCHUS, HAPUMED, TUIOTHOCTH (DOpMATHH.



[0029] B omroMm BapmaHTe ocymecTBicHHA cucteMa 100 BKIFOUACT B €O H3MCPHTCIBHOC
YCTPOICTBO, TaKOC KAK MHCTPYMCHT A KapoTaka B mpouecce Oyperusa (LWD) (mampumep, i
H3MEpeHHH MO OLCHKE (OpMAlMH) MM HHCTPYMEHT H3MEpPEeHHs Bo Bpems Oypenma (MWD)
(HampumMmep, A1 H3MEPEHHUH MO PA3THMYHbIM HAMPABACHUAM), KAK MPABHIIO, HMECHY EMOE HHCTPYMEHTOM
n3MepeHusa Bo BpeMsa Oypenus 138. [Ipumeps! uactpymeHToB LWD BKIIOUArOT B CEOs HHCTPYMCHTHI
SOCPHOTO MArHUTHOrO pe3oHaHca (SIMP), HHCTPYMEHTBI KApOTaXa CONPOTHBICHHH, HHCTPYMEHTBI
raMmMa  (IJIOTHOCTHOTO)  KApPOT&Ka, HHCTPYMEHTBHI HMIIyJIbCHOTO HEHTPOHHOTO  KAapOTaXkKa,
AKyCTHYCCKHE MHCTPYMEHTHI H apyrue. Ilpumeps uHCTpyMeHToB MWD BrmowyaroTr B cebs
HHCTPYMCHTBl HM3MEPCHHMA JABICHHA, TEMICPATYPbl HIM [JAHHBIX HANPABICHHA (HAIPUMED,
MATHHTOMETP, aKCEICPOMETP, THPOCKOM U T. A.). Y3elI HampaBiacHuA Oypenusa 126 mwm cuctema 100
MOTYT BKJIIOYaTh B CeOA Opyrue KOMIIOHCHTBHI, TAKHC KaK TEICMETPHUYCCKHH Y3l (Hampumep,
TEHEPATOP HMITYJIbCOB JIABJICHHS B CTOJOE OYpOBOro pacTBOpa, KOMMY HHKALIHOHHBIM NMEPEBOAHUK LT
TpyO ¢ KabexeM H T. IL.), HIIM IPYTHE CKBAKUHHBIC H/HIIM IIOBEPXHOCTHBIC KOMIIOHCHTHI, CHCTEMBI HITH

V3JIBL

[0030] B oxHOM HE HMEIOIIEM OTIPAaHHYHUTEIBHOTO XApaKTEpa BAPUAHTE OCYILECCTBICHUA BO
BpeMs OypeHms r'mib3a 128 He BpamaeTcs MM BPAIAeTCs CO CKOPOCTHIO, KOTOPAs MEHBINE CKOPOCTH
BPAIICHUA yCTPOHCTBA MEXAHMUYECCKOTO paspymucHUs 118 u Apyrux KOMIOHECHTOB y3JIa HAIPABJICHHA
Oypenus 128 u Bpamaromerocs croia 112 umm moBepxHOCTHOTO mpuBoaHoro crona 110. Ckopocts
BpallleHus THIb3bl 128 MokeT ObITh OOO3HAUEHA B HACTOAINEM JOKYMECHTE KaK «MEJJICHHOE
BpameHue». Caeayer OTMETHTD, YTO «MEIJICHHOE» BPALICHHE MPEIHAZHAYCHO U1 YKA3aHUS CKOPOCTH
BpALICHHUA, KOTOPAs MCHBIIEC BPAATEILHOH CKOPOCTH OYPCHHS M HE MPEIHA3HAYCHA IS OTPAHMUCHHUS
M000# KOHKPSTHOH CKOPOCTH. «MEIUICHHO BPAINAOINASACSY THIIB3a MPSACTABIACT COOOM THIB3Y,

KOTOPAs BPAILACTCS HA MEUICHHOM CKOPOCTH.

[0031] Iume3a 128 MoOkeT BpamaTthCa HA TFOO0H MOJXOAAMCH MEAICHHONH CKOPOCTH, KOTOPas
MEHbIIC Bpamaromeii ckopoctu OypeHus. B oqHOM BapHaHTE OCYIIECTBICHHS MEJICHHOC BPALICHHUC
rume3bl 128 cocraBmser mpudmmsureasHo OT 1 10 10 o6oporoB B wac (00/4). B omHOM BapmaHTe
OCYIICCTBIICHUA MCIJICHHOC BPAIICHHC COCTABIACT MPHOM3HTSIFHO OT 10 mo0 50 006/4 (60°/MuH 1
300°/Mue). B ecme OAHOM BapHAHTC OCYIICCTBICHHSA MCIJICHHOC BPAIICHHC COCTABIACT

mpubm3uTenbHo 1 1 50 06/4 (ot 6°/™MuH g0 300°/MuH).

[0032] Omue mm 00Nee CKBAYKHHHBIX KOMIIOHCHTOB W/WJIH OJWH HIH 00JICC MOBCPXHOCTHBIX
KOMIIOHCHTOB MOTYT HMCThH CBA3b W/WIIH YIPABIATHECA MPOICCCOPOM, TAKHM KAK CKBAKHHHBIH OJIOK
obpadorku 140 w/mmm Onmok HazemMHOU 00paboTku 142. CxBakwHHBIN 00K 00pabdoTkm 140 mMoxker
npeactasaTh coboit yactn KHBK 116 nmm MoskeT ObITh HHBIM 00Pa30M PaCHoIOKeH HA KOoJIoHHE 102
CKBaYKUHBI WM ¢¢ 4acTH. baok Ha3emHO#t 00paboTku 142 (/v CKBaOXUHHEI 650K 00padoTku 140)
MOSKCT OBITh BBIIOJTHCH C BO3MOKHOCTBEO BBIIIOTHCHHUA CICAYIOIMAX (DYHKITHIA yIpaBICHHE Oy PCHACM

W HampaBJcHHEM OypeHMHs, YIPABICHHE CKOPOCTHIO IIOTOKA M AABJICHHUE XKHAKOCTH 120, ympaBicHHe



HArpy3Koi Ha momoto (WOB), ynpaBieHue CKOPOCTHIO BpameHuA (00/MHH) MOBOPOTHOTO cTona 112
WIH TIOBEPXHOCTHOTO IPHBOJHOTO crosa 110, mepemaya w mpueMm JaHHBIX, 0OpabOTKAa JAaHHBIX
H3MEPECHUH W/HIH KOHTPOIb oneparmii cucteMs! 100. B HEKOTOPBIX BAPHAHTAX OCYIIECCTBICHHA OJOK
Ha3eMHOH 006paboTku 142 BKIFOUaeT B ceOs YCTPOHCTBO BBOAA/BRIBOAA 144 (HampuMmep, KIaBHATYPY H
MOHHTOP), mpoueccop 146 u ycrpoiictBo 148 xpaHeHHA NAaHHBIX (HANp., MAMATh, MAITHHOYUTACMBIN
HOCUTETb H T. J.), MOACICH W/HIHM KOMIIBIOTEPHBIX IPOrPAMM HIIH IPOTPAMMHOIO OOCCIICUYEHHS,
KOTOpBIC CIOCOOCTBYIOT BBINOJIHCHHIO ACIIEKTOB CIIOCOOOB U IMPOLIECCOB, ONUCAHHBIX B HACTOALIEM

JIOKYMCHTE.

[0033] B o1HOM HE HMCIOIIEM OTPAHHYHUTCIIFHOTO XapaKTEpa BAPHAHTEC OCYINCCTBICHHS OJIOK
Ha3eMHOH 00paboTku 142 BHIMOJTHEH B BHAC OJIOKA HA3EMHOTO YIPABJICHHA, KOTOPBIH YNPABIICT
PA3IHYHBIMH NAPAMETPAMM, TAKHMH KaK CKOPOCTh BPALICHHA, HATPY3Ka HA JOJOTO, MAPAMETPHI
MOTOKA JKHAKOCTH (HAmp., AAaBJICHHE H CKOPOCTh NOTOKA), a TAKXKEe APYTUMH IapaMeTpaMH HJIH
acexktamu cuctemsl 100, CxBakuHHBIA Omok  oOpaGotku 140 B HEKOTOPBIX BapHAHTAX
OCYLIECTBJICHHA MOJKET IPEACTABIATh COOOH YIIPABIAOIMI H3MEPHTEIbHBIN KOHTPOJLIEP HIH JPYToe
YCTPOHCTBO 0OpPabOTKH, KOTOPOE YHPAaBIET acHEKTaMHu padoThl y370B 132 QaT4yMKOB, MOJTYUYCHHS
JAHHBIX M3MEPCHUI HM/MIIH OLICHKH HANPABJICHHBIX IapamMerpoB. CKBAKHHHBIA 010k 00paboTku 140
MOXET TaKXKE BKIOYATH B CeOs (DYHKIIHOHAJBHBIC BO3MOXKHOCTH JJISI YIPABICHHS PabOTOH y371a
HamnpasieHus OypeHus 126 u/umm ApyTUMH CKBOKUHHBIME KOMIIOHCHTAMH, Y3JaMH WM CHCTeMaMu. B
OJHOM HE HMEIOLIEM OTPAaHHYHMTEILHOTO XapaKTepa BAPHAHTE OCYLICCTBICHHA CIIOCOO H IPOLECCHI,
OTHCAHHBIC B HACTOAIICM JOKYMCHTE, TOIYCKACTCS BBIIOJIHATH B CKBAKHHHOM OJI0Ke 00padoTku 140,

pacnosio;keHHOM BHYTPH KOJIOHHBI 102 ckBaskunbl win KHBK 116.

[0034] B Bapuanre ocymecteicHus, n3odpakenHoM Ha OUI. 1, cucrema 100 BhIMOHEHA C
BO3MO>KHOCTBIO BBIIOJTHCHHS OypOBOH ONEpanuy M CKBAKHHHBIX H3MEPEHHH, 4 KOJOHHA CKBAXKHHBI
102 mpeacrasmier coboit OypoByro KoJOHHY. OIHAKO BapHAHTHI OCYINCCTBJICHHS, OIHCAHHBIC B
HACTOSMIEM JOKYMCHTC, HC OTPAHHYCHBI TAKHM 0O0pa30oM M MOTYT HMCTh JIOOYI0 KOH(HTYpPAIHIO,
TIOXOSIIY IO U BBIMOJHEHUS OIICPAL B SHEPTECTHYCCKOM OTpaciy, KOTOPask BKIFOYACT B CeOs WA
TIPH KOTOPOH MOTYT OBITH ITOJIC3HBI H3MEPCHHUS IO PA3THIHBIM HANPABICHUAM (HAIIPUMEP, OTICPALUA
3aKaHYHBAHUA, OIICPALUH TI0 THAPOPA3PHIBY, ONEPANHHU MO AOOBINE, OTNEPAlHH MOBTOPHOTO BBOJA H

T. 1.).

[0035] Cneayer TOHMMATH, YTO PCANW3alMsd BAPHAHTOB OCYIICCTBICHHSA HACTOSAIICTO
PACKPBITHA BO3MOYKHA B COUCTAHUH C JTFOOBIM JAPYTHM ITOJIXOMAIIAM THIOM BBIMHCIHUTCIHHOMN CPEIBI,
HM3BCCTHOM B HACTOSINCE BpeMs WK paspadoTanHOi B Oyaymem. Hamprvep, Ha ®UTL. 2 mpeacrasicHa
Omok-cxemMa CHCTEMBI 00paboTku 200 (HampuMep, 010K HA3eMHON 00paboTku 142 W/HaH CKBAKUHHBIH
6mok obpadorkn 140 mo OUI. 1), mcmomp30BaHHE KOTOPOH [JOMYCKACTCA Uil peaH3alliu
TCXHHYICCKUX MPHCMOB, OMUCAHHBIX B HACTOAIICM JOKYMEHTE. B mpumepax cuctema 200 o6paboTiu

JAHHBIX MMEET OJWH MM O0JIee NEHTPANbHBIX mporieccopos 202a, 202b, 202¢ u T. 1. (COBMECTHO HIIH



B 00mEeM HWMCHYCMBIX mporeccopoM (mpomeccopamu) 202 wW/Hau yCTPOHCTBOM (YCTPOHCTBAMH)
obpaborku 202). B acnekrax HACTOAMIEI0 OMHCAHHA KXKIBIH mporieccop 202 MOXKET BKIFOYATh B CeOs
MHKpOTpoeccop ¢ cokpameHHBIM Habopom komaHx (RISC). Kak moka3aHo, mpomeccopbl
(mpoueccoper) 202 COCAMHEHBI C CHCTEMHBIM 3alOMHHAKOIIAM  YCTPOMCTBOM  (HAIpHMED,
OTICPATHBHBIM 3aMOMMHAOIMIM ycTpoicTBoM (O3Y) 204) m pa3nu4HBIMH JPYTHMH KOMIOHCHTAMH
mocpeacTBoM cucreMHon muHbI 206. [TocrosaHOE 3anoMuHaromee ycrpoiictso ([13Y) 208 coenuHeHO
¢ cucteMHON mmHOHN 206 1 MOKET BKJIFOUATh B Ce0 0a30ByI0 cucteMy BBOA/BeiBoAA (BIOS), koTOpas

VIIPABILACT OMPEICICHHBIMH 0a30BBIMHU (Y HKIIUAME CHCTEMBI 200 00pabOTKH TaHHBIX.

[0036] JonomaurebHo Ha OUI. 2 moxaszansl amantep 210 BBOJA/BBIBOAA U CETECBOH amamrep
212, coequHEHHBIC C cHCTeMHO muHOH 206. Anantep 210 BBOJa/BRIBOAA MOKET MPEACTABIATH COO0I
amantep uHTECpdeica Mamblx BBMHUCIHTEIBHBIX cHCTeM (SCSI), KOTOpBIH OCYHICCTBISET OOMCH
JAHHBIMH C 3aIOMHHAIONIAM YCTPOHCTBOM, HANIPHMEP MKECTKUM AUCKOM 214, W/MIH 3aMOMHHAOIIM
ycrpoiictBoM 216 Ha MArHHTHOH JEHTC, WM JIEOOBIM JAPYTHM AaHAJOTHYHBIM KOMIIOHEHTOM
(xommoneHTamMu). Amantep 210 BBOZA-BBIBOJA M CBSA3AHHOC C HUM 3allOMUHAIOINEE YCTPOICTBO,
HAIpUMEp JKECTKUH muck 214, w/mmm 3anoMuHArOmee yCcTpoHCcTBO 216 Ha MArHUTHOH IICHTE, B
HACTOAMIEM JOKYMEHTE MOTYT COBMECTHO HA3bIBAThCA MACCOBBIM 3AIIOMUHAIOIIUM yCTpOHCTBOM 218.
OnepaunorHas cucreMa 220 11 BbIMOTHEHUS B cucteMe 200 00paboTKH JaHHBIX MOXKET XPAaHHTHCA B
MaccoBoM 3anmoMmuHaromeM ycrpodcrse 218. Cerepoit amamrep 212 MOXKET OBITh BBINIOJIHEH C
BO3MOYKHOCTBIO COCTHHCHHS CHCTEMHOM IHHBI 206 ¢ BHEIIHEH CEThIO 222, 00€CIEUUBAIOIICH CBA3h
cuctembl 00pabotku 200 ¢ APYTHMH CHCTEMaMH W/MIM YIAJCHHBIMH CHCTEMaMH (HampHMED,

CHCTCMAMH HAa OCHOBE HHTCPHETA, SKCTPAHETA H/HITH OOJAYHBIM CHCTEMAM).

[0037] Jucruielt (HanpuMep, AUCIUICHHBIH MOHUTOP) 224 COCAMHEH ¢ CHCTEMHOH muHOU 206 C
MOMOMIBI0 amanTepa 226 AuCIUIes, KOTOPBIH MOXKET BKJIXOYATh B ceOs, Hampumep, rpaduyuecKuii
ajganTep I YIYYNICHAA pabOTHI MPHIOKCHHH C OONBIIEM O00BCMOM TpaPHUCCKUX ONCpamuil u
BHACOKOHTpo UIcp. CriermanucraM B JAaHHOH 00JACTH CEAYET UMETh B BHIY, YTO B OJHOM aCICKTE
Hacrosamiero omucanus azamtepsl 210, 212 w/umu 226 MOTYT OBITH COSAHMHEHBI C OTHOW WM OOJee
IMMHAMH BBOJA/BBIBOJIA, KOTOPHIC COCIMHCHBI C CHCTCMHOM MIHHOH 206 IOCPSACTBOM MPOMEKY TOTHOH
muHBl (He TOKazaHa). [loaxonsme MMWHBI BBOJA/BBIBOAA I MOAKIFOUCHHA HepH(EpHIHBIX
VCTPOHNCTB, TAKMX KAK KOHTPOJUIEPHI KECTKUX JHCKOB, CETEBBIC JaNTEPhl U rpaMuecKue aganTepsl,
OOBIMHO BKJIFOUAKOT OOIHC MPOTOKONBI, Takue Kak Peripheral Component Interconnect (PCI).
JIOTIOTHUTCIIFHBIC YCTPOUCTBA BBOJA/BBIBOAA TTOKA3AHBI MOJICOCIMHCHHBIMA K CHCTCMHOM mmmHE 206
MOCpeACTBOM anamTepa 228 moJk30BaTenbekoro mHTEpderica u azanrepa 226 mucmies. Hampmmep,
KaK TOKA3aHo, KiaBuaTypa 230, mbemub 232 W quHAMHK 234 MOTYT OBITh COCOMHCHBI C CHCTCMHOIM
muHOH 206 mocpeacTBoM azanrepa 228 mob30BaTeIbCKOTO HHTEP(EHCa, KOTOPBIH MOXKET BKIIFOYATh
B ccOs, HampuMep Mukpocxemy Super [/O, 00p¢ IHHAIOIIX MHOKSCTBO IaNITCPOB YCTPOUCTB B OTHOI

HHTETPATIBHON CXEME.



[0038] B HEKOTOpBIX acmEKTax HACTOAIIECTO PACKPBITUA, H KAk MOKa3aHOo, cuctema 200
00paboTKHM AAHHBIX BKJIOYACT B CeOsA rpadmueckuii mpoueccop 236. I'papudeckuii mpomeccop 236
MOXKET TIPEACTABJAITH COOOH CHECIHMANM3HPOBAHHYIO DSICKTPOHHYIO) CXEMY, BBIOJHCHHYIO C
BO3MOIKHOCTBIO PETYJIHPOBAHHA H H3MCHCHHA NMAMATH U1 YCKOPSHHA CO3JAaHHA H300pakeHUil B
Oy (epe kampos, MpeIHA3HAYCHHOM I BBIBOJA HA MUCIUCH (Hampumep, muciuieii 224). B obmem
rpaduyeckuii mpoueccop 236 oveHbs 3(PPeKTHBEH B MAHUITY IHPOBAHUH KOMIBIOTCPHOH rpadukoi u
00paboTKe M300pKCHUN B MMECT BBICOKOTAPAUICIBHYIO CTPYKTYpPY, Omaromaps KOTopoii oH Oolee
3((exTUBeH, YeM ICHTpaIbHbIe mpoueccopsl (LIIT) obmero Ha3HAYCHHA, JI1 AITOPUTMOB, B KOTOPBIX

00paboTka 60IbIINX OJOKOB JAHHBIX BHITIOIHICTCS MapaLICIbHO.

[0039] Taxum o6pa3zoM, B KOH(PUTYpaLMK, OMHCAHHOW B HACTOSAIIEM JOKYMEHTE, cucrema 200
00paboTKH [JAHHBIX MOJPA3yMEBACT BO3BMOXKHOCTH OOpabOTKM MJAaHHBIX C HCHOJB30BAHUEM
mpoueccopoB 202, BO3MOKHOCTh XPAHCHHUS MJAHHBIX C HCIOJB30BAHHEM CHCTCMHOM TaMATH
(manpumep, O3V 204 1 MaCCOBOTO 3aMOMHHAKOLICTO YCTPOCTBa 218), cCpeacTBa BBOJA JAHHBIX, TAKHC
Kak kjgaBuarypa 230 u Mbimb 232, U BO3MOKHOCTH BBIBOJA C HCIOJB30BAHMEM JAHHAMUKA 234 U
qucies 224. B HEKOTOPBIX acneKTax HACTOAIIETO H300PETCHHS YaCTh CHCTEMHOM MaMATH (HAIpUMeEp,
O3V 204 u MaccoBOE 3aMOMHHAIOIIECE YCTPOHCTBO 218) MOTYT OBITH BBINOJIHEHBI C BO3MOKHOCTBIO
COBMCCTHOTO XPAHCHHA ONCPALIMOHHON CHCTEMBI (HANPHMED, ONEPAMOHHOM cucTeMbl 220) Mt
KOOPAWHUPOBAHHUA (DYHKIMH pPa3IHYHBIX KOMIIOHEHTOB, IOKA3aHHBIX B cucteMe 200 00paboTku

JAHHBIX.

[0040] Cneayer HMETh B BHAY, YTO cucTeMa 00paboTku 200 Ha ®UIL. 2 B HacTOAMmES BpeMs
OTHCAaHA KAK HA3CMHAS CHCTeMa (HampuMmep, 070k HazemHOH oOpabdotku 142 ma OUI. 1). OmHako
CJIEyeT HMETh B BHJY, UTO JOIYCKACTCS HCIOJIb30BAHHE AHAJOTHYHBIX 3JICKTPOHHBIX KOMIIOHCHTOB B
CKBAXHHHBIX cHcTeMax (Hampumep, B cocraBe KHBK w/mmm ckBakuuHOTO 6110Ka 006padoTku 140). B
TaKUX KOH(PHUIYPAOUAX JOMYCKACTCS OIyCKAHHE HEKOTOPHIX 3JIEMEHTOB CHCTEMBI OOPaOOTKH.
Hanpumvep, B cucreme ckBakuaHOH cucteMe KHBK KOMIOHEHTHI MOJB30BaTENILCKOTO HHTEpQEica
MOTYT OBITh OmyIIeHbl. Kpome TOro, CHCTEMHAs NIHHA MOJKET OBITH BBIMNOJTHEHA C BO3MOKHOCTBHIO
0XBATa MHOXKECTBA PA3IHYHBIX CKBOKHHHBIX KOMIIOHCHTOB, a CETCBOC COCAMHCHHE MOXKET
MPeACTaBIATh COOOM CPEeaCcTBO IEepelavyd MJAHHBIX (HANMpPHMEP, TEIEMETPHYCCKOE, IPOBOJHOC
COCTUHCHHUEC, OCCIPOBOAHOC COCIUHCHAC WITH T. T.), KOH(HUIYPAIHA KOTOPOTO 00CCIICUHBACT MICPCAATY

JIAHHBIX MEXKIY HA3eMHOM CHCTeMOMN u CKBaXHHHOH cuctemoit KHBK.

[0041] BapuaHTbl OCYIIECTBACHHA HACTOSILETO OMUCAHUSA OTHOCATCS K TEXHHUYECKHM MpPHEMaM
OIICHKH IUIOTHOCTH (DOPMALMHU MOCPESIACTBOM HHCTPYMCHTOB ILIOTHOCTHOTO TaMMAa-KapoTaXka W T. II.
TpaAuIHOHHO UWHCTPYMEHTHI H3MEPCHHA IUIOTHOCTH B CKBAKHHE, TAaKHE KAK HHCTPYMEHTHI
IJIOTHOCTHOTO TaMMA-KApOTAa)Ka, BBHINOJHEHBI C OJHMM HMCTOYHHKOM TaMMa-H3JIyUYCHUS H JBYMS
CUUHTWJULILUOHHBIMU  JIECTCKTOPAMH, OTACJICHHBIMH OCEBBIM PACCTOSHHEM BIOJb  KOpIyca

HHCTpyMeHTA. M3-3a Bapuaimii MarepuanoB W COCTaBa (JOPMAIMH OPUCYTCTBYIOT Pa3IHYHbIC



IUIOTHOCTH, W TAKHUC PA3TAIHBIC TIIJIOTHOCTH MOIYT MIPHBOAWUTL K PA3THAIHOMY MNOBCACHHIO
OTHOCHUTEIBFHO IIpOIlecCa H3MEpEHHUS (HAmpUMEpP, JONYCKACTCA BAPHHPOBAHHE MOKa3aHHH Ap B
3aBHCHMOCTH OT IDIOTHOCTH (DOPMAIMH W TOJOKCHHA JATYnka). BCmeacTshue Takod BapHALHH
TPAOULIHOHHBIC AJTOPUTMBI, KaK IPABHIIO, SBIIAOTCA HCTOYHBIMH, CCJIH IIJIOTHOCTH HSMCpeHHOfI
(hopMaIK CIMIIKOM BBICOKA MM CIHIOKOM HHU3Ka (T.€. 33 MpeJelaMH CTAaHJAPTHOTO JHAMA30HA
IUIOTHOCTEH). B CBA3M C BBINCU3I0KCHHBIM, CIIOCOOBI M TPOLECCHI, OMHCAHHBIC B HACTOSIICM
JOKYMCHTC, OCHOBAHBI HA MHTCTPALMH JBYX PA3JIHYHBIX CIOCOOOB, KAK HA OCHOBE MPCACTABJICHHS
rpaguka «spine-and-rib», Tak 1 MOKA3aHUAX HHCTPYMEHTA INIOTHOCTHOTO KapOTaXka. Takue CrocoOwl C
mocTpoeHueM rpaduka «spine-and-riby SBIIOTCS OoJice OOIMUMH IO CPABHCHHIO C AP-TIOIXOJAMH

TPATUIMOHHBIX CUCTEM.

[0042] Ha ©HWI. 3A-3B mnpeacTaBiICHO CXEMaTHUYCCKOC H300PAKCHHE CKBOXKHHHOTO
uHCTpyMeHTa 300 B COOTBETCTBHH C OJHHM BAPHAHTOM OCYIICCTBJICHHSA HACTOSIIETO H300pETCHHA.
CxBayKHHHBIA HHCTPYMEHT 300 pacmono)keH BHYTPH CKBAKUHBI BOMM3H (popmauuu 302. Ha OUIL. 3A
MOKA3aHO PA3MEIICHUE CKBAXKUHHOTO HHCTpyMeHTta 300 B xoHTakTe ¢ (popmammeii 302 (Hampmmep,
cTeHKol ckBakuHbl 304). B 310# KOH(pUrypammu ucrounuk 306 OyaeT mpoeruposath SHepruro 308
(manpumep, ramMma-w3ayueHue) B (Qopmammo 302, rae mpoemupyemas 3Heprus 308 Oyzaer
B3aHMOJCHCTBOBATH C 31eMEeHTOM 310 opmanuu U OTpaXkaTh OOPATHYH) OTPAKATCIBHYE) IHEPTHIO
312, xotopas oOHapyxwuBaeTcs naerekropoM 314 ckBakuHHOrOo uHHCTpyMeHTa 300. TTockoabky
CKBAXHHHBIH HHCTpyMeHT 300 compmkacaercs ¢ (popmanmeit 302 BIONb CTCHKH CKBAKHHBI 304,
JIOTYCKAETCS HCTIOIb30BAHUE OJHOTO AcTeKTOpa 314, a H3MEPEHHE, BBIMOJIHEHHOE C TOMOIIBEO) TAKOTO

gerextopa 314, mpencrasiser coO0H MIOTHOCTH (POPMALIHH.

[0043] Omnako, kak moxazano Ha OUI. 3B, ckBaxuHHBIA HHCTPYMCHT 300 MOXET HE
compukacatbca ¢ (opmarmeit 302 BIOb CTCHKH CKBaXHHBI 304. CreruamuctaM B JAaHHOH 001aCTH
CIACAyeT WMCTh B BHAY, YTO BO BpeMsA OypOBOH ONICpAIMH KOJBICBOC MPOCTPAHCTBO MCMKIY
CKBAXHHHBIM HHCTPYMEHTOM 300 M CTEHKOH CKBAKHHBI 304 MOXET OBITh 3aIIOJIHCHO ITPOMBIBOYHOH
JKUOKOCTREO 316 (Hampmmep, OypoBbM pacteopoM). Ecim mcrounmk 306 BBIJaCT MPOCIUPYEMYIO
sHepruro 308 k (popmamuu 302, 3HEprus OyIeT OTpakaThcs HA Oapwrepe KUAKOCTh-(hopmanus 318 u
TCHCPHPOBATH MEPBYI OTPAKCHHYIO 3HEprur0 312a. [pocumpyemas sHeprua 308 OyaeT mpoaomkaTh
npoxoauts B (popmanmro 302 m B3amMmoaeHcTBOBaTh C 3MeMeHTOM (opmammu 310 W reHepupoBaTh
BTOPYIO OTPaXCHHYIO 3Hepruro 312b. B 31o# koH(pUrypaumyn ckBakuHHBIH HHCTPYMEHT 300 MOXET
BKIIFOUATh B ceO mepBbId AeTekTop 314a u Bropoit nerekrop 314b. Kak mokazano, mepBbIif u BTOPOH
meTekTopel 314a, 314b pacmoioskeHBI B PA3HBIX OCCBBIX IOJIOKCHHUAX (HAMMPHMEP, PACCTOSHHE) OT
uctounuka 306. Takad pa3sHHLIA B OCEBOM IOJOXKCHHH OTHOCHTEIBHO HCTOYHHKA 306 IMO3BOIACT
00HAPYKUBATh KAaK MCPBYIO OTPAXKCHHYIO 3HEPTHIO 3123, Tak W BTOPYHO OTPAKCHHYIO 3HSPrur0 312b.
Caeayer OTMETHTH, YTO, €CIIH CKBOXHHHBIH HHCTpyMeHT 300 pacmonoXeH HANPOTHB CTCHKH
ckpaxuHbl 304, mepBas W BTOpas OTpakeHHbIC SHeprum 312a, 312b OyayT OJMHAKOBBIMH HIIH

PaBHBIMH, UTO YKA3bIBAET HA (PAKTHUECKYIO IIIOTHOCTH (popmarmu 302.
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[0044] Ha ®OWI'. 4 mpeacraBneH cxeMaTHYeCKHi rpauk ¢ auarpamMMmon «spine-and-rib» 400
mioTHOCTH (popMmammu. OCh X MPEACTABIACT COO0I M3MECPCHHE IUIOTHOCTH, BBIIOJHCHHOS HA MICPBOM
JIeTeKTOpe (HampuMmep, nepsoM aetekrope 3 14a, mokazanHoMm Ha OUI. 3B), u MOKET HMEHOBATHCA KAK
OmmkHAA TIOTHOCTh. OCh V NMPEACTABIICT COOOW M3MECPCHHE IUIOTHOCTH, BBHIIOJIHCHHOS HA BTOPOM
JETeKTOpe (HampuMep, BTopoM aerekrope 3 14b, mokazanrom Ha UL, 3B), 1 MOKET HMEHOBATHCS KAK
JANbHAA INIOTHOCTB. B mporecce H3MEPEHHA KaK MEPBBIM, TAK U BTOPOH JACTCKTOPBI HCIOIB3YIOT AJIA
MOJIy YECHHS. H3MEPEHHUH TUIOTHOCTH, IIPHYEM TAKHE JAaHHbIC HAHECCHBI HA rpaduk «spine-and-rib» 400.
INToxa3zano, yro muHus 402 6e3 BIMAHUA TTTHHUCTOH KOPKU HMEET JTMHEHHYIO 3aBUCHMOCTb, IJIC IIEPBOC
(OmpKHEE) H3MEPEHIE IUIOTHOCTH PABHO BTOPOMY (JadbHEMY) H3MEPEHUIO IIOTHOCTH. Jlnausa 402 6e3
BIMAHHS TJMHHCTOH KOPKH TPEACTaBIICT COOOM MCTHHHYIO IUIOTHOCTh (GopMmanmuu u OyJer
MpeACTaBIATh CO00H rpauyuecku IONYYCHHBIC JAHHBIC, KOIZA CKBAKHHHBIH HHCTPYMCHT
COIPHKACACTCA CO CTCHKOH CKBAYKHHBI TAKUM 00pPA30M, UTO SKUIKUH Oapbep/OTpaskeHUE OTCYTCTBYET,

", TAKUM 06p330M, TIICPBBIC H BTOPBIC H3MCPCHUA IIJIOTHOCTH ABJIAKOTCA O AHHAKOBBIMH HUJIH PABHBIMH.

[0045] OpHako, KOTJa CKBAaKHHHBIA HHCTPYMECHT CMCINCH OT CTCHKH CKBA)KHHBI, H, TAKHM
00pa3oM, MPOMBIBOYHAS KHAKOCTh MPUCYTCTBYET BAOJIb TPACKTOPHH OT HCTOYHHMKA K JETEKTOpaM, Ha
JBYX Pa3HBIX JCTCKTOPAX BBIMOJHIIOTCA ABA PA3HBIX H3MEPCHHs IUIOTHOCTH. ECIM Takue AaHHbBIC
HaHOCAT Ha rpaduk 400 «spine-and-rib», gomyckaercs HaHeCEHHE TOueK JaHHBIX 404. Ecmm mepsas
(OmKHAS) TUIOTHOCTH M BTOPAs (JANbHS) INIOTHOCTh PABHBL, HA TrpaUK HAHOCAT TAKHE TOYKH
JaHHbIX 404a, xoropelie OyayT HaxXoaAuThCA HAa JMHHU 402 Oe3 BIHMAHHA TIMHHCTON KOpku. Takas
CUTyalHs MPUCYTCTBYET, KOTAA CKBOKHHHBIH HWHCTPYMEHT CONPHKACACTCS CO CTCHKOW CKBAaYKHHBI, U,
TaKUM 00pa30M, MEXKIY CKBAKHHHBIM HHCTPYMCHTOM H (pOpMALHCH OTCYTCTBYET >KUAKOCTh. OIHAKO,
MOCKOJIbKY JIOIYCKAeTCs COOP JAHHBIX BO BPEMs OIICPALHH BPALICHUS (HAPUMED, BO BpeMst Oy PCHH),
CKBAKHHHBII HHCTPYMCHT MOXCT NCPEMCIIATBCA OTHOCHTCIBHO CTCHKH CKBAKHHBI TAK, YTO IIPH
cOope HEKOTOPBIX JAHHBIX CYIIECTBYCT MEPEMEHHOE KOJIMUYCCTBO JKHAKOCTH MEXIY CKBAKHHHBIM
HHCTPYMCHTOM H (popManueit. Ecam CKBakKHHA CMCIICHA OT CTCHKH CKBAKHHBI, TOUKH JAHHBIX 404
OyayT HaHCCCHBI HA Tpa)MK B MOJOKCHHAX BAAMH OT JUHUH 402 0¢3 BIHMAHHA TIHHHCTOH KOPKH,

TOCKOJIbKY 3HAYCHHUS ITIOTHOCTH MEKAY NMEPBBIM H BTOPHIM IETEKTOPAMH OYAYT Pa3HBIMH.

[0046] [Tpu m3mepeHnn 3a7aHHON (POpMALHHU TOCPEICTBOM HCTOYHHKA M JCTEKTOPOB, KOTAa
CKBKMHHBI WHCTPYMCHT BPAMIACTCA W 3aXBATHIBACT MAHHBIC, TOYKH MAaHHBIX 404 MOTyT OBITH
HAHCCCHBI HA TpaQuk BIONb JHHAH 406, MOKA3HIBAKOIICH BIUAHHC TTHHHCTOW KOpku. Jlmamm 400,
TOKA3bIBAIOIINE BIMAHHC TIMHUCTONH KOPKH, HMPEICTABILIOT COOOH 3aBHCHMOCTH MCEKAY JAHHBIMH
TIEPBOTO JIETEKTOPA M JAHHBIMH BTOPOTO JACTEKTOPA, KOTOPBIC NMPEACTABILIIOT COO0H OaHY (hOpMALIHEO
3aJaHHOH MIOTHOCTH. BCrencTBHe HANMHYMA NPOMBIBOYHON KHAKOCTH H ABYX OTPAKCHUM SHEPIHHU,
TOYKH JaHHBIX 404 OyayT BapbHUpOBaThCS MEXIY HYJICBBIM PACCTOSHHEM (HANPHMEP, OTCYTCTBHE
3a30pa), TAC TAKUC TOYKH JAHHBIX MOMANAr0T HAa JTuHHIO 402 0¢3 BIWAHHUA TIIHHHUCTOH KOPKH, W
TOYKAMH, OTKIOHAFOIMUMUCA OT JuHuH 402 0¢3 BIMAHUA TTTHHHCTOH KOPKH BIOJIh COOTBCTCTBYOIICH

muaAH 406, MOKA3BIBAIONICH BIMIHHUE TIMHACTOW KOPKH, M CMEIICHHEM OT JuHuH 402 6e3 BIMsAHHA
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rauHUCTOM Kopku. Kakmas nmuHus 406, MOKA3bIBAXOMASA BIHMAHUE TIHMHHUCTOM KOPKH, NMPEACTABIAET
coboii MareMaTH4ecKOe COOTBETCTBHE 3aBHCHMOCTH IUIOTHOCTH (MEXAy OMIKHMM H JAJIbHHM
JETEKTOpaMH) Uil JAHHOH IUIOTHOCTH (opmamuu. TakuM 00pa3oM, XOTS IUIOTHOCTH (hopmaru
SABJIACTCA TIOCTOSAHHOM, M3-3a BPAIICHUA CKBAKHHHOTO HHCTPYMEHTA U H3MCHEHHSA TOJIIMHBI YaCTH
JKUIKOCTH (OT HYJI K HECKOJBKHM JIOHMAaM), H3MEPEHHBIC IUIOTHOCTH HE OYyAyT OJWHAKOBBIMH H
MPHBOAAT K MOIYYCHHIO TOYEK JAHHBIX 404 BONB COOTBETCTBYHOLICH MHHHU 406, MOKA3BIBAOIICH

BJIMSHHC TIHHUCTOM KOPKH.

[0047] Jns ompenencHus (PaKTHUECKOH IUIOTHOCTH H3 IMOJYYCHHBIX JAHHBIX JOIyCKACTCS
KOppe/iuusa TOYeK AaHHbIX 404 C ONTHMANbHOM 3aBUCHUMOCTBIO AIA JKCTPANOJUILMH MOJIOKCHHS
muHuH 402 6€3 yueTa BIMAHHS INIMHUCTOH KOPKH, B YACTHOCTH, €CIM OTCYTCTBYIOT TOYKH JaHHBIX 404
Ha muHuH 402 Oe3 yyera BIMAHUA TIHHHCTOH KOpKH. COOTBETCTBEHHO, BAPHAHTHI OCYIICCTBICHMA
HACTOAMIECTO H300pETCHHA HANPABICHBI HA SKCTPAOPAIMIO TOYCK JAHHBIX 404 B ONTUMAJIBHBIC JIHHHH
406, MOKA3bIBAIOINUC BIISAHUC TNIMHUCTOH KOPKH, & MHOKECTBO JHHUN 406 MOYKHO HCIOJIB30BATh I
onpenencHus auHuA 402 6e3 yuera BIUSAHASA ITTHHUCTOH KOpKH. 3a cueT muHuH 402 Oe3 yueTa BIHAHHA

TTIHHHCTOH KOPKH MOJKET OBITH MOJIyUCHA IUIOTHOCTH (DOPMALIUHL.

[0048] IlockONbKY JMHHH, NOKA3BIBAIOIIME BIWSIHHE TIJIHHHCTOH KOPKH, HE MOIYT OBITh
H3BECTHBI 3apaHee A JaHHOH (hopMaluu, 4acTh CIOCo0a BKIIFOYAET ONIPEJCICHHE TOTO, YacThIO
KaKOH JIMHUHM, TIOKA3bIBAOLICH BIIMAHHE ITTHHHCTOH KOPKH, SIBILICTCA TOUKA JaHHBIX. COOTBETCTBEHHO,
COTJIACHO HCKOTOPBIMH BAPHAHTAM OCYINCCTBICHHS HACTOSINETO H300PCTCHHA, MOXCET OBITh
CrCHCPHPOBAHA CIPAaBOYHAS TAOMMIA MM STAJOHHBIH HA0Op JaHHBIX. Jlomyckaercss KaimuOpoOBKa
ATAJIOHHOTO HA0Opa MJAHHBIX OIS KOHKPSTHOTO MHCTPYMCHTA W pabovuX YCIOBHH (HampuMep,
KOHKPCTHOTO HHCTPYMCHTA W MHOKECTBA PACCTOSHHH 3a30pOB W/HIH THIIOB TPOMBIBOYHOH
JKHAKOCTH). 3aTeM, KOTJA JAHHBIC COOMPAIOT HA MECTC, COOPAHHBIC TAHHBIC MOYKHO CPABHHBATH C
OTAJJOHHBIM Ha60pOM JAHHBIX I ONPCOCICHUA I(OHI(peTHOﬁ JIMHHUHA, HOI(aSLIBaIOH.[I/Iﬁ BIIMSHHC

TJIHHUCTOM KOPKH, HA KOTOPYIO OyICT MOMagaTh TOUKA JAHHBIX.

[0049] Ha ®UI'. 5 mokazan mpouecc 500 MOATOTOBKH [JAHHBIX I AJATOPUTMA OLECHKH
IUIOTHOCTH B COOTBETCTBHH C BAPHAHTOM OCYINECTBICHHS HacTosmero m3odpereHms. IIpomecc 500
00ecTieunBacT NMPEABAPUTECILHOEC MOJICIMPOBAHUE OA30BBIX JAHHBIX M Pa3paboTKy KO3(PPHIHCHTOB
A1 QATOPHTMA in sifu I HMCIOIB30BAHWSA B IPOMBINUICHHBIX YCIOBHAX, HANPHMEP, BO BPEM
OYPOBBIX OICpalMii W HCHOJIB30BAHUA TakoW WH(pOpMamuu (T.c¢. WHPOPMANHH O TIOTHOCTH) UL
HATIPABJICHHOTO OYpCHHA WM [OPYTHX CKBAXWHHBIX omepanuil. Jlpyrue o0NacTH NPUMCHCHHS
mporecca S00 U APYTHe BAPHAHTHI OCYMICCTBJICHHS HACTOAIICTO H300PSTCHHA MOTYT BKIIFOYATH, 06¢3
OTPaHHYCHHUH, IPOBOHBIC MPUIIOKCHUS/HHCTPYMEHTHI H/HIH KOHTPOJIbHBIC ITPHIIOKCHIS/HHCTPY MCHT.
JomyckaeTcst OTHOKPAaTHOE BBIMOJIHECHUE mpouecca 500 (I JaHHOTO HHCTPYMEHTA), U MOJIYYCHHBIC
JAHHBIC MOTYT OBITh COXPAHCHBI B 3aIOMHHAIOINIEM YCTPOHCTBE HWHCTPYMEHTA, KOTJIA HHCTPYMCHT

TOTOBAT 1711 PabOTHI B CKBKHHAX. Kak omucaHO B HACTOsIIEM AOKyMeHTe, mponecc 500 BKIOUYACT B
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ce0s MonenupoBaHHE OOIBIIOTO KOJMYCCTBA JAHHBIX MO Metoay Monte-Kapno mmd moydeHus
TOYHOI'O MPEACTABICHUA HHCTPYMCHTA OTHOCHTCJIBHO PA3THYIHBIX 3HAYCHUH IIOTHOCTH (I)OpMaI.[I/II/I,
3a30pOB CMEHICHHS M IIPOMBIBOYHBIX >KHIKOCTEH. JIOIyCKaeTcs BBHIOJHECHHE B JIA0OPATOPHH H/HIH
MOCPEACTBOM MOJACTUPOBaHHs. [loyucHHBIH HAOOpP MJAHHBIX MOJKHO 3aTeM HCIOJIB30BATh I
MOCTPOCHUA HMOAPOOHOH CIPABOYHOM TAOIHIBL, KOTOPAA CIIOCOOCTBYET OICHKE IUIOTHOCTH (POpMAaIIiu

C JIy4IIeH TOYHOCTBIO, YeM OOBIYHbIC anropurMsl delta-rho.

[0050] B Omoxe 502 co3maercs HavaigbHAd HHQOpPMAIMA O MOJCIH HHCTPYMCHTA H
HEOOXOAMMBIX YCIOBHAX H3MepeHHs. HauampHast uH(pOpMAmus MOMKET BKIFOYATh, Hampumep, 0e3
OTpaHUYCHHUI, MOJEIb HHCTPYMEHTA, OTHOCANIYIOCH K THIy JATYHKOB, JCTCKTOPOB, HCTOUHUKOB
SHEPIHH, pa3Mep HMHCTPYMEHTA, MarepHajbl HHCTPYMCHTA H T.IL, 4 TAKKe JEOOBIC ACHEKTHI,
BIMAIONIME HA M3MEPEHHE NPH HCHONB30BAHHH TAKOTO HHCTPYMEHTA. B HEKOTOPBIX HE HMEIOIIUX
OTPaHUYHUTENIFHOTO XapaKTepa BAPHAHTAX OCYINECTBICHHIA HHCTPYMCHTOM IPEICTABICH B BHE raMMa-
H3JIYYAIOIIero HHCTPYMEHTAa H3MEPEHHHA IUIOTHOCTH. HeoOXommmble YCIOBHA H3MEPEHHS MOTYT
BKJIFOYATh AHANA30HBI IUIOTHOCTH (hOPMAIMH, H3MEPEHHE KOTOPHIX JOIYCKACTCA HHCTPYMEHTOM IIPH
paboTe B NMPOMBINIICHHBIX YCJOBHAX, 3HAUYCHHS BEIHUYHMHBI OTKJIOHCHUS, YICIBbHBIH BeC OypOBOrO
pactBopa u T. 1. MuH(popMamus O MIOTHOCTH (JOPMAIMH MOXKET OBITH MOJYyYCHA M3 H3BECTHBIX
HCTOYHHUKOB A PA3IMYHbIX THNOB (hopMaumil (HampuMep, aHTHAPHTA, M3BECTHAKA, AHTPALUTA H
T.A.). 3HA4CHHUS BCIMYHMHBI OTKJIOHCHHS MPEACTABILIOT COOOM 3a30p WM PACCTOSHHE MEXIY
HCTOYHHKOM M CTCHKOHW CKBAOXHHBI, KOTOPHIC MOTYT HAXOJHUTHCS B [OHANA30HE OT HyJ1 (KOrnaa
HHCTPYMCHT KOHTAKTHPYET CO CTCHKON CKBAKHHBI) 10 MAKCHMAJIBHOTO 3a30pa. [IpH HCOIb30BAHHH B
CKBA)XHHE 3a30p 3amOJIHAIOT MPOMBIBOYHOH JKHIKOCTBEO HIH OypOBBIM pacTBOpoM. Ecmm pazmep
3a30pa U3MCHSACTCA (HAIIPHMEP, KOTAA HHCTPYMEHT MEPEMELIACTCS ONMKE K HIH JAjbIIe OT CTCHKH
CKBAKHHBI), U3MEPCHUC IUIOTHOCTH OyJET M3MCHATHCA BCJICACTBHE MOMEX OT DHCPIHH, MPOXOIAIICH
uyepes Oyposoii pacteop. MH(popManusa 06 yaCIsHOM Bece OypOBOTO PACTBOPA MOXKET OBITH IMOyYCHA
W3 W3BCCTHBIX HCTOYHHMKOB, TAKHX KAK CYINCCTBYIOLIMC CHOPABOYHBIC TAOIMIBI, CBA3AHHBIC C

PasITHTHBIMH THIIAMH MPOMBIBOTHBIX H(PLHKOCTef/’I.

[0051] B 6moke 504, ucxons w3 HavambHOUW HH(OPMAIMH, MOKHO MOJIYYHTh HAOOP MOKA3aHUH
MOJICTHPYIOMICTO H3MEpeHUA. [loka3zaHua MOTYT OBITh MOIYYCHBI B (pOpME TAOMHMIBI WIH T. ., TAC
HAOOp MOKA3aHWH TECPBOTO (OMIDKHET0) ACTCKTOpAa MOMXCT HA3bBaThCsa OTBeTOM bBJI (OmmkHETO
JATYAKA). AHATOTHYHBIM 00pa3oM HAOOp TOKA3aHWI BTOPOTO (JANBHETO) MACTCKTOPA MOXKET
HA3BIBATHCA oTBeTOM JIJ] (mampHEro matumka). B 3THX HAOOpax MaHHBIX, KOTAA MPH MOICTHPOBAHHH
HHCTPYMEHT COIIPHKACACTCSI CO CTEHKOH CKBAKUHBI, OTKIMKH 0O0MX OyIyT PaBHHI (T. €. IUIOTHOCTD,
MOy YEHHAs M3 ONMIDKHETO JAT4YHWKA, PABHA IUIOTHOCTH, IMOIYUCHHON W3 JambHEro maruymka). OmHako,
TOCKOJIbKY HHCTPYMEHT OTZEIIETCS OT CKBKUHBI, /1BA 3HAYCHHSA OOJIbIIE HE OyAyT OJHMHAKOBBIMH, H,
TakuM 00pa3oM, HAOOP JAHHBIX BBINOJIHEH C BO3MOKHOCTBIO MPEICTABICHHS PA3THYHBIX MOJIOKCHHH
HHCTPYMCHTA OTHOCHTCIIPHO CTCHKH CKBAKHHBI M TAKOW OMCPAIUH C PA3THIHBIMH HMPOMBIBOYHBIMHI

SKUIKOCTSIMH. M3 TaHHBIX M HX MOJCIHPOBaHUA B O50ke 504 MOXKHO €CO31aTh HAOOP OCHOBHBIX JINHHH,
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nmokazpiBaromux  3(gexr ramHECTON KOpKH (rpaguk  «spine-and-rib»). OCHOBHBIC JTHHUH,
MOKA3BIBARONIHC (P()CKT TIIHHUCTOH KOPKH, BBIYHCICHHBIC B OOoke 504, MPEaCTABIIOT Pa3IHIHBIC
rpauKy IUIOTHOCTH U1 PA3IMYHBIX YCJIOBHH, /UIA KOTOPBIX JAHHBIH HHCTPYMEHT MOXET OBITH

OTKPBIT B CKBAXKUHY .

[0052] Bmoxu 502, 504 moryT mpeacTaBiATh COOOH IIpEIBAPHTENBHBIH COOp MAHHBIX H
MOJEIHpOBaHue. B Takux mpoleccax J0MyCKAaeTcsa OOIMHPHOE MOACIUPOBAHHE OTBETOB HHCTPYMEHTA

B u /1 ams pa3pabOTKH OCHOBHBIX JTHHUH, TOKA3BIBAIOINUX 3(D(EKT IIMHUCTOH KOPKH (010K 504).

[0053] B 610Ke 506 OCHOBHBIC JIMHUH, MOKA3BIBAIOIINE 3(PPEKT IIIHHICTOH KOPKH, MOJTYICHHBIC
B On0ke 504, mpeoOpasyrorcs B HAOOp HAMIYYLIMX YpaBHCHHH. Takue HAWIy4IIUE YPABHCHUSA MOTYT
MPEACTABIATh COOOH MEPBYI0 MATEMATHUYECKYIO 3aBHCHMOCTh, HCIOJIB3YEMyI0 B Ipouecce. B
HECKOTOPBIX HCOTPAHMYMBAIOIIMX DpHMEpax IepBad MATeMaTHdeckasd 3aBUCHMOCTb  MOXKET
MPEACTABIATh COOOH MOJHHOMHAIBHYK) 3aBHCHMOCTH BTOPOTrO mOpsaka. Takum oOpa3om, HAOOp
KPHUBBIX HAWIYYINIETO COOTBETCTBHA IIOAXOJUT K OCHOBHBIM JIHHHAM, IHOKAa3bIBAIOIUM 3(P(PeKT
TTIHHHCTOH KOPKH, IOIy4eHHBIM B Onmoke 504. B 3troM mpmMepe IuHHH, NOKasbiBaromue 3(Qext
TTIHHHCTOH KOpKH, rpaduka INIOTHOCTH «spine-and-rib» MOTyT OBITH NPEACTABICHBI MOJIHHOMAMHU
Broporo mopsgka. CreayeT DOHMMATh, 4YTO JPYTHE MATEMATHYECKHE 3aBHCHMOCTH MOTYT
HCIOJIb30BAaThCA 0€3 OTCTYIUICHHS OT OOBEMa HACTOSINEr0 OMHCaHwWsi. Hampumep, IOMyCKaeTcs
HCTIOTIb30BaHHE JIFOOOH HENPEPHIBHOW HIH KyCOYHO-33JaHHOH (YyHKUMH (HAmpHMEpP, BKIFOYAFOIICH
YCIOBHA IIOJTHHOMOB H IIOJJTHHOMOB BBICIICTO TIIOPAOKA, PAMAOHAIBHBIC, TPUTOHOMCTPHYCCKHUC,
OKCIIOHCHIIUAJIBHBIC, KBAAPATHBIC HIIHA 0Oojice  BBICOKHE KOPHCBBIC HJTH norapn(pMqucme

3aBUCHMOCTH).

[0054] B Omokxe 508 HAOOp MEPBBIX MATCMATHYCCKHX 3aBHCHMOCTCH (Hampumep, HaOo0p
TMOJIMHOMOB BTOPOTO TOPSAAKA), HPEACTABIIFOIIMX OCHOBHBIC JIMHHH, MOKAa3bBarOmue 3(dexr
TJIMHACTOM KOPKH, IOJIyYCHHBIC B O10Ke 506, cOOMpaeTcs B CIPaBOYHOH TabIHIE, KOTOPAs CBA3BIBACT
WIA COMOCTABISICT KAXKAYIO JHHUIO, IOKA3BIBAKOIYIO 3(P(EKT TIMHHCTOH KOPKH, C H3BECTHOH
IJIOTHOCTREO (hOpPMALUH (HATIPUMEP, HA OCHOBAHUH MOJICTHPOBAHUA H3BECTHOH MIOTHOCTH). Biok 508
BKIFOYACT B CeOf pa3BUTHE MATEMATHYCCKUX 3aBHCHMOCTCH, MPEACTABISIOIMX  JIHHUM,
MOKA3BIBARONIHC 3(PQCKT TIIHHUCTOW KOPKH, IS MPOH3BOJIBHOW IUIOTHOCTH (DOPMALMH B MPEACIAX
OKHTACMBIX AHANA30HOB. OCHOBHBIC JIMHAH, TIOKA3BIBAOINHE S(PPEKT IIMHUCTOH KOPKH, MOTyUCHHbIC
B Omoke 504, u HAWIYYIIHC MOIXOAAIINC 3aBUCHMOCTH, MOJYUYCHHBIC U3 010Ka 506, HCHOMB3YIOT I
TOCTPOCHUS BTOPHYHBIX JHMHHH, MOKA3BIBAIOMMX 3(P(EeKT ITHHAUCTOH KOPKH, KOTOpBIE OOpa3yroT
TIOJHBIH HAOOP JAHHBIX U1 CKOHCTPYHPOBAHHOH CIpaBOuYHOM TaOmmipl. Hampumep, SkcTpamossmus
WIA HWHTEPIOJINUS OT OCHOBHBIX ITHMHHUH, MOKA3BIBAOMIMX 3(PQEKT ITHHUCTONH KOPKH, HIH MEXIY
HAMH TIO3BOJIICT ONPEACITh MM BBIMHCIATH 3HAUCHHSA, KOTOPBIC HAXOIATCS MEXIY OCHOBHBIMH
JUHUSMH, TOKA3BIBAKOIMNX 3(P(EeKT TITMHHCTOH KOPKH, TEM CaMBIM pacmmpsii 0OBEM W IIOJHOTY

crpaBOovHOM Tabmumel. [IpIMEPBI TAKOTO MPOIECCa HHTCPIIOHIIHHN OMUCAHBI B HACTOAIICM JOKYMCHTC.
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INomHbri HAOOpP OCHOBHBIX M BTOPHYHBIX JIMHHH, IMOKA3BIBAIOIUX 3()(EKT IIMHACTOH KOPKH, MOKET
OBbITh COOpaH B CIIPAaBOYHOH TaOIuIE M1 HCHOIB30BAHUA B BADHAHTAX OCYIUECTBJICHHUS HACTOSIIETO

H300PETCHIL

[0055] B 6moke 510 ompenenaror obmacTe equHCTBA M rpaduk «spine-and-rib». 310 001aCTB,
OTPaHWYCHHAS JBYMS JHMHHIMH, ITOKA3BIBAIOIIUMH 3(P(EKT ITHHHCTOH KOPKH, COOTBETCTBYIOIIHMH
HAaHOOJBIIMM M HAMMCHBIIUM IUIOTHOCTSAM, M JBa HAOOpa TOYEK, COOTBETCTBYIOIIUMH JIEBOMY H
MPAaBOMY KOHIAM JHMHHH, MOKA3bIBAOINHX 3((PEKT I'THHUCTOH KOPKH (HAampuMep, Kak IMOKA3aHO Ha

®UT. 6A-6B).

[0056] B Omoke 512 w3 maHHBIX W MOAeTHPOBaHUA OI0Kk0B 502, 504 BO3MOMKHO IIOJIYyUCHHC
BTOPOI MaTeMaTHYEeCKOM 3aBUCHMOCTH, IIPHYEM BTOPAs MaTeMATHUCCKASL 3aBUCHMOCTh OTJIHYACTCA OT
NEepBOil MaTeMATHUYECKOH 3aBHCHMOCTH. Hampumep, B HEOTPAHHYHBAIOLIEM IPHMEPE MOKET OBITh
MoMyueHa JByxXMepHasd (2D) moiumHOMHANBPHASA 3aBHCHMOCTh TPETBEIO MOpPsIKa (HAmpuMep,
OTIMYAOMIAACS OT MEPBOM MATEMATHYCCKOH 3aBHCHMOCTH, KOTOpAs MPEACTABISECT COOOM MOTHHOM
BTOPOro mopsnaka). Takad BTOpasd MATEMATHYCCKAsA 3aBHCHMOCTh MOJKET HCTIOJIB30BAThCA, HANIPUMED,
JUTS CHTYA[Hid, KOTIA TOYKA JAHHBIX, KOTOPas MPEACTABILIOT COO0H COOPAHHBIC CKBAKHHHBIC JAHHBIC,
HEC COOTBETCTBYET OOJIACTH €IMHCTBA, NOJy4YeHHOH B Onokxe 510. Bropas maremarmueckas
3aBHCHMOCTb NPECTABIIET COO0I B YIPOIECHHOM IPEACTABICHUH ()Y HKIHIO IUIOTHOCTH OT OJHKHETO
JATYHKA M IUVIOTHOCTH OT JAJbHETO JaTYMKA, W 3Ta (DYHKIUSA MOXET OBITh HCHOJIB30BAHA [UIA

H3BJICUCHHS (DAKTHICSCKOH INIOTHOCTH (hOPMALIHH.

[0057] Ha ®UI'. 6A-6B mnokasansl rpaguku mwiotHoctd 600, 602 6a30B0ro HabOpa JAHHBIX C
CMOJCTHPOBAHHBIME JIHHHAMH, TOKA3bIBAROIMMH (P Pext rauanucToi kopku. Ha ©®UI. 6A mokazaHbl
CMOJCTHPOBAHHBIC JAHHbIC, KOTOPbIC HAHECCHHI HA Tpauk and1 (QOPMUPOBAHHA JIHHUIA,
mMoKa3sIBArONINX 3(PPeKT rIMHUCTOH KopkH, a Ha ®UT. 6B moka3aHa rpaHuIa 00JaCTH ¢auMHCTBA 604
HA OCHOBE HAHCCCHHBIX Ha Tpaduk maHHBIX. JlaHHBIC 111 HaHeCeHusT Ha rpadukn 600, 602 MOTyT OBITH
TOJYYCHBI M3 MOJCIMPOBAHHS PA3IHYHBIX HHCTPYMCHTOB, ()OPMAIMH M CBOMCTB M XapPaKTEPHUCTHUK
pactBopa. JlaHHBIC HCHOJB3YIOT UIA MOCTPOCHHA HaOopa mwHHA 606, mokaseBarmMuX 3(PQSKT

TJIMHACTOH KOpKY, ¥ HIH 608 6e3 3(p(hexra rImHNUCTOH KOPKH.

[0058] [Mpeamomaracrca, 4Yro O00NACTH HW3MCHCHHA 3HAYCHHH ILIOTHOCTH  (hOpMAIHH
mpeAcTaBsieT COOOH MHMCKPeTHBIH HAOOp 3HAYCHHWH B AWANA30HE OT MHHHMAIBHOTO 3HAYCHHSA
(ma ) 1,7 r/em® 3
mpuMep, TpHOMU3UTCTPHO 1,7 I/CM°) 10 MAKCHMANBbHOTO 3HAYCHHA (Hampumep, 3.4 r/cm).
JmamazoH 3HaueHWil 00JAaCTH M3MCHCHHS 3HAYCHUH IUIOTHOCTH (POpPMAIHH MOXKET OBITh CO3JaH HA
OCHOBE HabOpa 3HAYCHUI, KOTOPBIC YBEIMIHBAIOTCS OT MHHAMAJILHOTO 3HAYCHHA JO MAKCHMAJIBHOTO
sHauenns (Hampumep, ¢ marom 0,001 r/cy’). Takue 3HAYEHMA TUIOTHOCTH HA3BIBAKOTCA HETEBOM
IDIOTHOCTBEO, W OHM JISKAaT HA jwHUH 008 6¢3 3(pQekTa rmHHUCTON KOpKH. JId KaKIOW HeIeBOi

IDIOTHOCTH CTPOAT JHHUEO 606, MOKA3BIBAIOIIYI0 (D()CKT TIHHUCTON KOPKH, KOTOPAs MPCACTABILICT
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Ppy (MOKA3aHHA TUIOTHOCTH HA OMIKHEM NETEKTOPE) M Py (MOKA3aHMS TJIOTHOCTH HA JATbHEM
JIETEKTOPE) A IUIOTHOCTH PAacTBOPA B YCTAHOBJICHHOM JHANA30HE 3HAYCHHUH (HAIIPHMEp, OT OKOJIO 8
(¢yHTOB/TANIOH 10 OKONO 20 (DYHTOB/TA)UIOH WM T.IL) W OTKJIOHCHHA MCXKAY YCTAHOBICHHBIM
JUANA30HOM 3HAYCHHUH (HampuMmep, mpHOIm3uTeIbHO O JFOHMOB (T. €. KOHTAKT) 0 HPHOM3UTCIHEHO
1 mroitMa), KOTOPBIH NPEACTABIAET COOOH 3a30p MEXKIYy CKBRKHHHBIM HHCTPYMEHTOM H CTEHKOH
CKBAKMHBIL. MOJEIMpPOBAHHE IIEPEHOCA H3IYYCHUSA MOJEIH HHCTPYMEHTa 00ECIEYHBAIOT

KaTMOPOBAHHBIC 3HAYCHHS Pg; H Oy, Kak mokasano Ha OUI. 6A.

[0059] Kaxk mokazano vHa ®UI'. 6A, pax muauit 606, TOKAa3HBAFOIIUX 3(P(EKT ITHHUCTOH KOPKH,
HaHECeH Ha rpaduk, mpu 3ToM JuHHA 608 03 3(pekra IIMHUCTOH KOPKH IMOKA3aHA Kak JHHEHHAA
3aBHCHMOCTH 0T rpaduxa miotHoctu 600 (Hampmmep, 6moka 504 wa OUIL. 5). Kaxmas muaua 606,
MOKa3bIBarOMas 3G (ekT IMMHUCTOR KOPKH, OyAeT UMETh TOUKY JAHHBIX, KOTOpAsd MONANACT HA JIHHUIO
608 6e3 »(pdexra rmuaUCTON KOpKH, TAc mioTHocTH [/l u B/l paBHBI TakuM 00pa3oM, KOTAA 3a30p
OTKJIOHCHHUS paBeH Hy 0. Kaxaas muaus 606, mokaspisaromas 3(PQekT IIMHUCTON KOPKH, BKIIOYACT B
ce0s1 MUHHMAJIbHY IO TOUKY AAHHBIX 610 M MaKCHMaIbHYIO TOUKY AaHHBIX 612. Kpome Toro, quamazox
auHuH 606, MOKa3pBAOMKX 3(P(PEKT IIMHACTON KOPKH, BKIIFOUAET B ce01 MHHHMAIBHYIO JIHHUIO 614 1
MAaKCHMAJbHY0 TUHHIO 616. Kaxayro muHuio 606, moKa3pIBarOIy0 3(h(EKT ITHHUCTOH KOPKH, MOKHO
NpUOIDKCHHO ONHCHIBATH IIOCPEACTBOM IIEPBOH  MareMaTH4eCKOH 3aBHCHMOCTH (HampHMep,
NOJIHHOMA BTOPOTO mOpAAka). M3 HaHeceHHBIX HAa rpaduk [JaHHBIX NpaBas CTOpoHa (Habop
MAKCHMAJBHBIX TOYEK JAHHBIX 612), BEpXHAI TUHHA, MOKa3biBaromas >(PQEKT I'THHUCTOH KOPKH,
(MakcHUMajbHAA JWHHA 616), HIDKHAA JHHAA, OKA3bBAOmMAs 3S(PQCKT TIHHACTOH KOPKH,
(MmHEManbHAs TuHEA 614) 1 neBas cTopoHa (HAOOP MHHHMAJBHBIX TOUYEK AaHHBIX 610) GopmupyroT
WIH ONPEeACILIOT 00macTh eauHcTBa 604, B KOTOPOH OMPEACIIIOT CIPABOYHYIO TaOJMHMIy JIHHUH,

MOKA3BIBAIONIHNX 3(P(PEKT TTHHUCTOMH KOPKH, KaK mokazaHo Ha OUI. 6B.

[0060] Kaxk oTMeueHO BhIIIE, KAKAAA THHAS, TTOKA3BIBAIOMAS S(P(PESKT TTHHACTONH KOPKH, MOXKCT
OBITh TPEICTABJICHA IEPBOH MATEMAaTHYECKOH 3aBHCHMOCTBIO. Hampmmep, B MONIHHOMHAJIBHOH
3aBHCHMOCTH BTOPOTO TOPAAKA KaKAAs JIHHUS, MOKA3bBAOMAA 3(P(EeKT IITHHHCTOH KOPKH, MOMKET

OBITH TPEACTABICHA CIIEAYFOIAM 00Pa3oM:
Pap = @ * ppp * ppg + b * pyp+ ¢ ey

Tae a, b ¥ ¢ NPEencTABIMOT COO0H KO3((HIHMEHTHI KaKIOTO MOIWHOMA BTOPOTO MOPAMKA, Oy
HPEACTABIAET COOOH IIOTHOCT, H3MEPEHHYIO HA MANbHEM IETEKTOPE, M Pp; MPEACTABIAET COOOH
IJIOTHOCTh, M3MCPCHHYKO HA OmmkHeM actekrope. [lommHOMHmanbHBIC KO3 GHUHCHTH (a, b H ¢)
CBA3BIBAIOT C LEJICBHIMH IUIOTHOCTSIMH (T. €. (JAKTHUECKUMH IUIOTHOCTAMHE (popmanm), 00pa3yFomiIMHA
cnpasouHyr0 Tabmuy. Kakmas muams 606, mokassiBaromas 3(pQEexT TTMHACTOH KOPKH, IEPECEKACT
mrHEEO 608 6e3 3(eKTa TITMHUCTOH KOPKH B TOYKE, TIE Ppy H Py PABHBI (DAKTHIECKOH IIOTHOCTH

(opMaunn pgpyanus- Ha OUL. 6A-6B, koHeuHbIE TOUKH (ClIeBa/CTIPaBa) MHHUE 606, MOKA3BIBAKIINX
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3(p(QEKT TIHHACTON KOPKH, COOTBCTCTBYIOT HAMOOIBIICMY 3HAUCHHIO OTKIIOHCHHWSA, KOTAA CAMBIH
JETKUHA PAacTBOP HAXOAMTCS HA JICBOM KOHIIE, a CAMbIH TSDKENBIH pacTBOpP HAXOJUTCA cmpasa. Bee
muHAH 606, nokaseBaromue 3(QGEKT IIMHHUCTOH KOPKH, MOCTPOSHHBIE U BCEX IEJIEBBIX IIOTHOCTEH,
00pa3yroT 007aCTh, BBIACIACHHYKO Kak o0macte eamHcTBa 604. Ipemmomaraercs, uro juHHU 600,
MoKasbIBaroIue 3(QPEKT TIUHHCTOH KOPKH, COOTBETCTBYIOIIME PA3IHYHBIM LEJICBBIM 3HAYCHHUAM
IUIOTHOCTH, HE IEPECEKAIOTCA APYT C APYIOoM B mpeaenax obmactu exmHcTBa 604. Takum o0Opasom,
KaXXJast TMHUS, MOKa3bIBaroImnas 3(h(HeKT IIMHUCTON KOPKH, HMEET YHHKAIBHOE PELICHHE U OJHY TOUKY
Ha muHEH 608 6¢3 3(peKTa IMMHUCTON KOPKH, TaK YTO MEPEKPHITHE 3HAUYCHUH OT OJHOH IuHMU 606 10

caeayromeil muaun 606 He NPOHCXOAUT.

[0061] B »sToM mnpuMmepe U3 HAHECCHHBIX HA Trpauk CMOJCIHPOBAHHBIX [JAHHBIX H
MOJTHHOMHUATBHOM 3aBUCHMOCTH (1) BTOPOro moOpsaKa MOXKET OBITh MOJYUYCHA CIpPABOYHAS TaOIHIA
wiotHoctH  (popmamuu. [Ipumep cnpaBoyHOH TaOMMIBL, WUTOCTPHPYIOMCH KOS((PHUIHCHTHI

3aBucHUMOCTH (1), mpeacTaBieH HIKE B Ta0mue 1:

Inomnocme hopmavuu a b c
1,700 a, b, cy
1,701 a, b, c,
1,702 a by C3
3,400 a, b, Cy
[0062] B Tabmmue 1 mokaszaHo, YTO KKIAsA IUTIOTHOCTH (DOPMAIMH MOKET OBITh MPEACTABICHA C

HCHOJB30BAHUEM TpPEX MNEPEMEHHBIX IOTMHOMHANBHOM 3aBucUMOCTH (1) BrOoporo mopsaka. U3
MPUBEICHHOTO TPUMEPA BHIHO, YTO MIIOTHOCTH HAXOAMTCA B quanasone ot 1,700 r/cm® no 3,400 r/cm’
¢ marom 0,001 r/cm®. Kakmeni psa 3HaucHHE KO3()(HIHEHTOB (a, b H ) NIPEACTABIAET COOOMH
VHUKAJTBHYH) JIHHUEO, TOKA3HIBAKINYK 3(P(EKT TIHHUCTOH KOPKH, KOTOpas KOPPCITHPYCT WIIH
COOTBETCTBYET (hOpMaUMM C YKA3aHHOH IUIOTHOCTHIO. TakuMm 00pa3oM, NpH IOJYYCHHH 3HAUCHHUS
IIOTHOCTH (DOPMAUH (Dp M Oy;) H €CITH TAKHE 3HAYCHHA HE PABHBI IPYT IPYTY, MOKHO ONMPENETUTH
YACTPI0 KAKOW JIMHUH, MOKA3BIBAIOMICH 3(()CKT TIHHACTOH KOPKH, OYACT 3HAYCHHC M W3 KOTOPOTO

MOTYT OBITb TIOJTy YCHBI KOS(P(PHUUHMEHTBI H TIOTHOCTh POPMALHH (Pgopmanyus)-

[0063] Ha ©®UI". 7A nokazan npumvep rpaduka «spine-and-rib» 700a, wnmrocTpupyOnmii 4acTh
HTCPATHBHOTO MPOLECCA CO3MAHHSA CIPABOYHONH TAaOIHIBI BAPHAHTOB OCYINECTBICHUS HACTOSIICTO
n3oopereHmst. OnpenencHne JaHHBIX AT KOKIOH BO3MOXKHOW OJHOKPATHOW IUIOTHOCTH MOJKET OBITh
JUTHTEIBHBIM H TPYJOEMKHM, W, TaKUM 0Opa30M, B HEKOTOPHIX BAPHAHTAX OCYIICCTBICHHA I
HHTEPIOJLIIAN WM HKCTPANOIINUH HaOopa KO3(P(UIMEHTOB i1 KAKIOTO 3HAYCHHS IUIOTHOCTH,
MOKA3aHHOTO B Tabmune 1, MOXXHO MCIONB30BaTh HTEPATUBHBINA mpouecc. Ha rpaduke «spine-and-rib»
700a oCh X MpeACTaBIAET COOOH IITOTHOCTD MO OMHKHEMY JATYHKY (OIHMKHEMY JETEKTOPY) Py U OCh

y MPEACTABIACT COOOH MIOTHOCTh MO JANbHEMY MATYHKY (JambHEMY ACTEKTOPY)P;;. Kak orMeueHO
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BBIIIC, TPH Pp; = Py 3HAYCHHA TPEACTABIAOT COOOH (DAKTHYECKYHO ILIOTHOCTh H ONPEICISFOT

muaAEO 702 0e3 3 dexra rIIMHUCTOH KOPKH AT JHANa30Ha INIOTHOCTEH.

[0064] Kak moxazamo, mepsast mmHmsa 704, mokasbBaromas >S(QQEKT TIIMHHUCTOH KOPKH,
HPEACTABIAET COO0H HAGOP M3MEPEHHBIX ILIOTHOCTEH MIa (JOPMAIMH C IUIOTHOCTBIO 2.3 r/cM’. Jta
neppast nuHuMA 704, mokaspBaromast 3Q@eKT ITHHUCTOH KOPKH, MOXKET OBITh YCTAHOBICHA U3
H3BECTHOH MH(pOpMAaIm, 1a00PAaTOPHOTO TCCTHPOBAHHA, MOACTHPOBAHKA U T. 4. Bropas muHua 700,
moka3pBarOmas 3PQEKT TIHHHCTOM KOPKH, MPEACTABIICT HAOOpP H3MCPEHHBIX ILIOTHOCTCH I
(opmaruH ¢ IIOTHOCTBIO 2,1 T/cM® M MOYET OBITh OCHOBAHA HA AHAJOTHYHON MH(popMaunu. Kaknas
u3 neppoil yuHMM 704 u BrOpoM mHHHH 706, MOKa3bIBAIOIIUX 3(P(MEKT ITTHMHUCTOH KOPKH, MOMKET
MPEACTABIATh COOOH IEpBbIE MATEMATHYCCKUE 3aBHCHMOCTH (HAIIPHMED, MOJIMHOM BTOPOTO HOPAIKA)

Ha OCHOBC MUHHUMYM TPEX TOUCK JAHHBIX.

[0065] Hampumep, mnepsas muHma 704, mnokassBaomas 3(QQEKT TITHHUCTOH  KOPKH,
ompeneaeTca IepBOoH Toukod AaHHBIX 708 (p;), kKoTopas sABIAETCA (PAKTHUECKOH IUIOTHOCTHIO
(opmanum u, TakuM 00pa3oM, monagaeT Ha auHuI0 702 6e3 addexra rmuHucTol Kopku. MHCTpYMEHT
M3MEPEHHS TUIOTHOCTH TAKOM (DOpMALHH (MMEIOIHM IUIOTHOCT 2,3 I/CM®) MOKET PETHCTPHPOBATH
WM HU3MEPATh TOUKU NAHHBIX, HE MOMAJaromue Ha JHHIO 702, KaKk ONMHCAHO BBIIE, H3-3a 3a30pa
OTKJIOHCHHS M IPOMBIBOYHOH JKHAKOCTH MEXIy HHCTpyMEHTOM H (opmaumeit. Takum oOpasoMm,
BTOpas TOYKA JAHHBIX 710 (p;™*‘) mpencrapider MAKCHMATbHOE COOTHOIICHHE PpjKP;; U TPEThA
TOYKa JaHHBIX 712 (p}'"") MpeAcTaBIAET MHHHMAILHOE COOTHOMICHHUE P K . M3 3THX Tpex Touek
JAHHBIX, TOJTHHOM BTOPOTO MOPAIKA (HAMPHMEP, 3aBHCHMOCTH (1)) MOXKET OBITH MONYYCH AIA 3TOU

KOHKPETHOH mIoTHOCTH (2,3 r/cM’) (opMamum.

[0066] Bropyo muHHFO 706, MOKA3BIBAIOIIYIO 3(P(EKT rIMMHHUCTOH KOpPKH, M1 (hOpMALHU C
MIOTHOCTREO 2,1 r/cm®, cTposaT amamormdubiM o6pasoM. Takum 06pasoM, Bropas mmuusa 706,
HOKA3BIBAOINAA 3(Q(MEKT TMHMHHCTOH KOPKH, ONpPEICIICTCA MEPBOM TOYKOH JaHHBIX 714 (pgi_1)),
KOTOPAd ABIACTCH (DAKTHUICCKOH IUTOTHOCTHIO (DPOPMALUH W, TAKHM 00pPa3oM, MOMATACT HA JHHUKO 702
6¢3 3(dexra TIHHACTON KOpKH. MHCTPYMEHT H3MCPCHHA IUIOTHOCTH TaKOW (popMarmm (MMCFOIIHi
WIOTHOCTE 2,1 r/CM®) MOJKET PETHCTPHPOBATH HJIM H3MEPATH TOYKH TAHHBIX, HE TOMAJAMONIME HA
muHu0 702, KaK ONMHCAHO BBIINE, H3-32 3a30pa OTKJIOHEHHA W IPOMBIBOYHON JKHAKOCTH MEXKIY

HHCTpyMeHTOM H (hopmammeif. Takum obpasom, BTOpas Touka JaHHBIX 716 (pli)) MpeacTaBaseT

MaKCHMAIbHOC COOTHOIICHHE Pp;KPy; M TPeTha Touka MamHBIX 718 ( pri’7) ) mpeacTaBmseT
MHHHMAIBHOE COOTHOIIEHHE PpKpPyy . M3 3THX TpexX TOYEK NAHHBIX, MOJHHOM BTOPOTO MOPSIKA
(HampHMED, 3aBECHMOCTB (1)) MOKET OBITH MOIYYEH AIA TOH KOHKPETHOM IIOTHOCTH (2,1 r/cm’)

(opmarm.

[0067] Toukn manHbix 708-712, 714-718, KOTOpbIE HCTIONB3YKOTCS M ONPEACICHUS MEPBOU

704 u BTOpoil 706 NMHWH, MOKA3BIBAOINUX SP(EKT TIHHHCTOH KOPKH, MOTYT OBITh H3BECTHBIMH

18



3HAYCHHAMH B 00JIACTH 3HAHWUH, MOACTHPOBAHUSA, TECTHPOBAHUSA U T. A. OJHAKO HAOOP TOUYCK JAHHBIX
U1 TUIOTHOCTH MEKAy AaByMsA jguHmAMH 704, 706 MoxkeT HE OBITH 3apaHSe H3BSCTHBIM. TakuMm
00pazoM, MOXKET OBITh CIOXKHO OIPEJCIUTh NMOJHHOM BTOPOTO MOPSIKA HIH JPYIYIO HEPBYIO
MATEMATHICCKYEO 3aBHCHMOCTH UL TaKO# IutoTHOCTH (popmarmm. Hanmpumep, kak mokazano Ha OUI.
7A, Tperbs muHUA 720, nokaseBaromas 3QQEKT IIMHUCTOH KOPKH, NMPEACTABIECT COOOH JTHHHIO UL
IUIOTHOCTH (DOPMALIMU, HEW3BECTHOW 3apaHee. OOHAKO Uepe3 HTCPATHBHBIM IPOLECC, TAKOH Kak
MOJXO0/] Ha OCHOBE MOJCIHPOBAHHA 1o MeToay Monre-Kapio 1t pa3paboTku Habopa JaHHBIX TOYEK,
MOKAa3bIBAIOIMMX 3(P(EKT INIMHUCTOH KOPKH, MOKET OBITh BBINOJHEH B COOTBETCTBHH C BAPHAHTAMH
OCYILECCTBJICHHA HACTOSINETO W300peTeHus. HampuMep, B COOTBETCTBHH C HEKOTOPHIMH BapHAHTAMH
OCYILCCTBJICHHA, MOJACIMPOBAHUE OCHOBHOTO HA0Opa MAHHBIX (HANPHMEP, TOYKH AaHHbIX 708-712,
714-718) nmo meromy N-yactun Monre-Kapno (MCNP) ¢ mocneyrommM HTPUMEHCHHEM CXEMBI
HHTCPIO/ILMH  MOKET BBIIOMHATBCA I Pa3pabOTKH MONHOH CHpaBOYHOH TaOmuubl C
COOTBETCTBYIOIMMH JIHHHAMH, IOKA3BIBAFOINUMH 3(P(PEKT TIIHHHCTOH KOPKH, C IUIOTHOCTBHIO

(hopmanuii.

[0068] OTO WUIOCTPATHBHO TIOKA3aHO TpeThel mmHHEeH 720, moka3sBaROmEH 3(QQeKT
rIuHHCTOH Kopku. ITockombky muHuA 702 6e3 3¢dexTa rTHHUCTOH KOPKH MOXKET OBITH OIIpEAC/ICHA
MOCPEICTBOM H3BECTHOTO 0a30BOro HaOOpa JAHHBIX, NEPBYIO TOYKY JAHHBIX 722 (P) MOXKHO JIETKO
MICHTH(MIUPOBATH MPH LEJEBON MIOTHOCTH (popMaumu (Hampumep, 2,2 r/cM®) I HHTEPIIOJIALMHE.
3areM MOKHO MPOCLHMPOBATH 3TH IMEPBBIC TOUKH JAHHBIX 722 ¢ 00pazoBaHHEeM TpeThed juHHH 720,
MOKA3BIBAIOMICH 3(P(EKT TTHHHUCTONH KOpKH. MAaKCHMATBPHOC 3HAYCHHE, IPCACTABICHHOC BTOPOIt
TOYKOH MaHHBIX 724 (p™2X¢) TpeThelt muHuH 720, MOKA3BHIBAKOIICH (P(PCKT TIHHUCTOH KOPKH, MOXKET
OBITH BBIOPAHO HA OCHOBAHWH 3aBHCHMOCTH MEKAY BTOPOH TOUKOH MaHHBIX 710 mepBoit muauu 704,
MOKa3bIBArOMIEH 3(P(EKT TIMHUCTONH KOPKH, M BTOPOH TOYKOH MaHHBIX 716 Bropoit muamu 706
(HampuMep, AaHAJIOTHYHO ONPEACICHUIO TEPBOM TOYKM [JaHHBIX 722 Tperbedt muHuH 720,
TMOKA3BIBAIOIICH A(P(PCKT TIHHUCTOW KOPKH). AHAJIOTHYHBIM O00pa30M, MHHHMAJIBHOC 3HAYCHHC,
TPEACTABICHHOE TPETheH TOUKOH JAaHHBIX 726 (p™"") Tperbeit mHun 720, mokasemBaromeii ¢dexr
TJIMHACTOH KOPKH, MOKET OBITh BHIOPAHO HA OCHOBAHUH 3aBUCHMOCTH MEXKIY TPEThEH TOUKOH JAHHBIX
712 nepso#t muHEE 704, mMOKa3bBAOIEH Y(P(EKT ITTHHUCTOH KOPKHU, W TPETheH TOUKOHW JaHHBIX 718
Bropoii mmHHH 706, mokaseBaromeidl 3(Q¢ekr ramHECTON KOpkH. C  3THMH  TpemsA
HHTECPIOIHPOBAHHBIMU TOYKAMH JAHHBIX 722-726 MOJKHO MOJYYUTh IOJHHOM BTOPOTO MOPAJKA,
TIPEACTABILIFOIIIKA TPETHIO JTHHHEO 720, MOKA3BIBAIOMIYO 3((EeKT IIHMHNCTONH KOPKH, a KO3(PPHIUCHTHI
MOTYT OBITh 3alIOJIHEHBI B CIIPABOYHOH Tabmmue (Hampumep, B Tabmuue 1). Creayer OTMETHTH, UTO
JIUHUS, COCAMHAIOIMAA BTOpPbIC TOYKH JAaHHBIX 710, 724, 716, MOMXKET ONpPEACHATbh MAKCHMAJIbHYEO
rpanuiy obmactu eamHcTBa (Hampumep, 604 Ha ©UL. 6B), w mHHEA, COCOAUHAOMAS TPCTBH TOUKH

JaHHBIX 712, 726, 718, MOKET ONPEACTATh MUHHMAJBHYEO TPAHUILY 00JIACTH CAHHCTBA.

[0069] B menom, amd KaKAOH TMHHH, MOKA3BIBAIOMCH 3(P(EKT TTHHHCTONH KOPKH, MOJYYArOT

TIEPBYIO TOMKY NMPH YCIOBHH, YTO Pppy = Py = £ HA NEPECCUCHAN THHHE 6€3 3 eKTa ITMHACTOMH
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KOPKH ¥ JIMHHY, TOKA3BIBAOIICH 3(P(EKT ITHHHUCTOH KOPKH. BTOpas M TPEeThs TOUKH NPEICTABILIIOT
co0Ol KOHEYHBIC TOYKHM IHHUH, NOKa3bIBaromieH 3(@ekr rimHucTod KOpku. JIIs BBIMHCICHHA
HOJIOKEHAS. KOHCYHBIX TOYEK ABTOPHI PACCUUTHIBAKOT UX KOOPAMHATHI BAOJb OCEH ppg W ppy. Jia
JMHUH, MOKa3bIBaromich 3Q@ekT rIMHUCTON KOPKH, HE MMEIomeH HH(OpMALHK, KOOPIHHATHI JIEBOH
KOHCYHOH TOYKH BBMMHUCILIIOT MOCPEACTBOM JTHHEHHOW HMHTEPHOALMH ME)XKIY JICBBIMH KOHICBBIMH
TOYKAMH COCETHUX OCHOBHBIX JIMHHUH, MOKAa3bIBAOINHX 3(PQeKT rauHucToi kopku (cMm. @UIT. 7A). To
JK€ CaMO€ BBIMOJHACTCA MAJIA ONPEACICHHA KOODAWMHAT MPABOM KOHCYHOM TOYKH JIHHHH,
MOKA3BIBAIOMICH (PPEKT IMMHUCTOH KOpkH. Bech amroputm pacdyera TOUCK JIMHHH, IMOKA3BIBAFOIICH

3(p(PEKT IIMUHUCTON KOPKH, MPESACTABICH YpaBHCHIAMH (2) — (7):

Pepn = P @)
P =P )
pMHl-I — Pygﬂ‘P?—"fle . (p Il — i ) + le/IH (4)
B/l DB Pii5A B i-16] i—1,6]1
pMPIl-I — pygﬁ_py—“ﬁﬂﬂ . (p Il — i ) + pmm 5)
M= o npiam PA i-u) T Pim1an
PP
MakKc i i-1, MaKC
= . — D + i 6
L (P52l — pi—1pn) + PISn (6)
PP K
MaKc i, i-1, Makc
= e - pi_ + pZ 7
) S re—— (Pan = Pi—ian) + PS5 7
[0070] VpaBaenus (2) — (3) HCHONB3YHOT Ui YCTAHOBJICHHS TNEPBOM TOYKH JIMHUH,

HOKA3BIBAKOIIEH S()EKRT IMUHUCTONH KOPKH, H B YACTHOCTH TOYKH, B KOTOPOMH P, = Py = P H, TAKHM
oOpa3oM, mpeacraBieT CoOOW TOUKY HA JHHHH O¢3 3((dekra TIHHACTOH KOPKH, a TaKKE PABHO
(axTHueckoi WAOTHOCTH (opMmamuu. YpaBHCHHA (4) — (5) HCHONB3YIOT I YCTAHOBICHHUS
MHHAMAJTBHOH (JICBOM) KOHCUHOH TOUKH 3aJAHHOW JTHHHH, TIOKA3BIBAFOIMICH 3((PEKT IMHHUCTOH KOPKH,
a ypasHeHHSA (6) — (7) HCHONB3YIOT A YCTAHOBICHUS MAKCHMAJIbHOM (TMPaBOil) KOHCYHOM TOUKU
JAHHOW JIMHWH, TOKa3bIBaromeil 3¢ ekt rmmaucToit kopku. Ha ®UI. 7B nokazano ypasuerue (6), a

Ha OUI". 7C — ypasrenue (7).

[0071] B mpumepe HE MMEKOIIETO OrPAHUYHMTEIBHOTO XapakTEpa BAPHAHTA OCYIIECCTBIICHHUS
HACTOANIECTO ONMMCAHMA CIPABOYHAS TAabIHMIA co3taHa W3 HAOopa 0Aa30BBIX TOYEK JAHHBIX, KOTOPHIC
HCIIOJIB3YIOT I CO3JAaHUSA OCHOBHBIX IHHHUH, MOKaszpBaromux 3(@dexr rmmamcroil kopku. Jlma
TIOCTPOCHUS JTHHHH, MOKA3BIBAFOIINX 3(P(EKT rMHHICTONH KOPKH, A IEIEBOH IUIOTHOCTH (hOpMalmu
MPEATONIAraeTCs, YTO0 CYIIECTBYIOT OCHOBHBIC JIMHHM M, moOKaspiBaromue 3()(QEeKT rimHUCTON KOPKH,
MoJyueHHbIe W3 Oa3oBoro Habopa JaHHBIX. B 3TOM mprMepe OCHOBHBIC IUIOTHOCTH MOTYT

HMCHOBATHCA KAK Py, Py, P3-.-, Py- BO3MOXKHO, YTO HEKOTOPHIC M3 IIEJEBBIX IUIOTHOCTEH (hopMarmn
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OyAyT HAXOAWMTHCA B HMHTEPBAJIC MEKAY IBYMS H3BECTHHIMH OCHOBHBIMH IUIOTHOCTAMH (HAIIPUMED,
MEKIY pPg;_1) H p;). B 5TOM mpEMepe p MOKET HPEACTABIATH COOOH OOHY H3 3THX IEIEBBIX
IUTOTHOCTEH, KOTOPBIE HAXOJATCA MEKIAY OCHOBHBIMH JIHHISAMH, TIOKA3BIBAIOIMMH 3((exT rmmHncTOH
KOpku. JIMHUIO, OKA3BIBAKIIYI0 3()(EKT IIMHACTON KOPKH, COOTBSTCTBYFOIIAA IICICBOM IIOTHOCTH,
PaBHOM P, CTPOAT C HCIOJIB30BAHHEM NMOJIMHOMHATIBHOW 3aBUCHMOCTH BTOPOTO NOPSIKA WM JPYTOH
MEPBOH MATEMATUYECKOH 3aBUCHMOCTH C JEOOBIMH TpeMs TOYKAMHM, NPUHAIICKAIMUMH JTHHUH,
MOKa3bIBArOIIEH 3(PEKT IIMHUCTOH KOPKH, 1A ONpEACICHHUS TAaKOH IOJMHOMHAIBHON WM MepBOH
MATEMAaTHYECKON 3aBUCHMOCTH. JTH TPH TOYKH OOCCIICUHBAIOT NOJYYCHHE YPABHEHMA HAMILYYIIETO
COOTBETCTBHUS H, TAKUM 00Pa30M, HACHTU(PHUKALHMIO THHUH, IIOKA3BIBAOIICH 3P (PEKT IIMMHUCTON KOPKH,

KOTOpPasd BKIIFOYACT HCICBYIO IJIOTHOCTD f).

[0072] JUI1 maHHOW HENeBOM IJIOTHOCTH {), KOTOpasd MONAJAcT MEXAy ABYMsA H3BECTHBIMHU
JMHUAMH, NMOKA3BIBAIOIMMMH 3(P(EKT ITHHHCTOH KOPKH, NEpBas TOYKA MOXKET OBITh IOJYUYCHA IIPH
VCIOBHH, YTO Ppj = Pp = £ HA TEPECeYCHHH JTHHUA O6€3 d((eKTa TIMHHCTOH KOPKHM H UETICBOH
JMHHH, TOKa3blBaromeH >(@Qexr rmHuCcTOH KOpkH. B 3TOM He HMEIOmeM OrpaHHYHTEIBHOTO
XapakTepa IpUMEpEe BTOPad H TPEThs TOUKU MPEACTABILIIOT COOOH KOHEYHbIC TOUKHU LETICBOH JIHHUH,
NOKa3bIBArOIIEH 3(P(PEeKT ITHHUCTOH KOPKH (HampuMep, KOHLEBBIC TOUKH, OIPAHHYMBAIOIIME 001acTh
€AMHCTBA). 1A BBIMHMCICHHA MONOKCHHA KOHCUHBIX TOUCK BBIMUCIIAIOT KOOPAHHATHI TAKHX JIHHUH,
MOKA3BIBAKOIIMX I(PPEKT ITHHACTOH KOPKH, BAOIb OCCH P, U Py [IOTHOCT MO GIHIKHEMY JATYHKY
MPaBOH KOHEYHOH TOUKH BTOPHYHOW/ICNICBOH JHHHH, MOKA3BIBAOMICH 3((CKT TIMHUCTOH KOPKH,
(HampuMep, HHTCPIOIMPOBAHHAS JIMHHA, MOKA3BIBAIOMAA Y(D(CKT TTHHUCTONH KOPKH), PACCUHTHIBAKOT
MOCPEACTBOM JIMHCHHOW MHTCPHOJIIIHH MEXIY HMPAaBBIMH KOHCYHBIMH TOUKAMH OJIDKHETO JATUYHKA
COCCITHHMX HMJIM CMC)KHBIX OCHOBHBIX JIMHUH, MOKA3BIBAROIIMX Y(PPEKT rIuHUCTON KOpKU. To e camoe
BBIMOJHACTCA Ui ONPEACICHUS IUIOTHOCTH IO JAJTbHEMY [JaTYMKy @PaBOH KOHCYHOH TOYKH
BTOPHUYHOW JTHHHUH, MOKA3BIBAOIICH 3(P(ekT rmmHucToil kopku. Takum 00pa30M, MOXKHO BBIMHCIIHTH
HPABYI0 KOHEYHYIO TOUKY (KAK Ppg, TAKH Py;) LENECBOH MHAH, MOKA3BIBAIOMEH 3(QQPERT TMMHUACTOMH
KOpKH. [l ONpEJENEHHS JICBOH KOHECYHOM TOYKH (KaK pgy, TAKM Oy ) BTOPUYHOH JIMHUH,
MOKa3bIBaromel 3(P(QEeKT TIMHUCTONH KOPKH, JOIYCKAeTCs NPHMCHCHHE AHAJOTHYHOTO IIPOIIECCA.
CornacHo 3TOMy IpUMEpY, IPH HAIMYNH KaK JICBOH, TAK H MPABOH KOHEYHBIX TOYCK H TOUKH HA JIHHUH
06¢3 »a(dexra TIHHACTONH KOPKH, TONHHOMHAIGHAS 3aBHCHMOCTh BTOPOTO TOPSAAKA A
LIEJICBOH/BTOPUYHOH JIMHHY, TIOKA3BIBAOIICH 3((PEKT TIMHACTOH KOPKH, MOKET OBITH ONMpEIeIICHa 1

IJIOTHOCTH .

[0073] OmnmcaHHbId BbINIE CHOCOO OBLT ONMpElENeH KAK IO CYIIECTBY (DYHKIHOHAIBHBIA H
pabounii i1 Pa3IUYHBIX PAacTBOPOB. Hampumep, Amsa OxHOW W TOH k¢ (hOPMAIHHU C Pa3THIHBIMHA
CHCTEMaMH ITPOMBIBKH JIHHHH, TMOKa3bIBaronmme 3(QQEKT TIMHACTON KOPKH, MO CYIIECTBY OXHHAKOBBI
Hampumep, kak GapuTOBBIA PacTBOP C BBHICOKHM COACPKaHHEM Pe, Tak W KAIBIMTOBBIA PacTBOP C

HH3KAM COJCPIKaHAEM Pe MMEIOT 3HAYEHHA 5, MP 15, KOTOPBIE OCTAOTCA HA OHOM THHAHA Oe3 3 dekra
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TJIMHACTOH KOpKU. TakmMm 00pa3oM, ONMHCAHHBIN BBIMIE CHOCOO CO3JAHUS CIPABOYHOM TAONHIBI HA
OCHOBC Tpomecca «spine-and-rib» MOKHO TPUMEHATh AT OJHON CHCTEMBI MPOMBIBKH, a 3aTEM K
MOO0OH CKBRKMHHOW CHCTEME IIPOMBIBKH, IIOCKOJIBKY KOHKDETHBIH pPAcTBOpP HE OKAa3bIBACT
CYHICCTBCHHOIO BIHAHHA Ha H3MCPCHHA pBﬂHpﬂ[l H OnpCacinCHusA COOTBETCTBYHOIUX J'II/IHI/II\/'I,
MOKA3bIBAIOMKX S(P(PEKT TIHMHHCTOH KOpPKH, W IuHHH 0Oe3 3(ddekra ramaucTod KOpku. MHBIMH
CJ0BaMH, CIMOCOO MOJIYUCHHA CHPABOYHOHW TAOMHMIBI M3 mpomecca «spine-and-rib», ommCaHHOTO B

HACTOSAIIEM JOKYMEHTE, HE 3aBHCHUT OT OypOBOTO PacTBOpA.

[0074] C DOMOMIIBI0 [JAHHBIX, MOJIYYCHHBIX B BBIICYKA3AHHBIX IPOIECCAX, MOYKHO
HCTIOJIb30BATh AJTOPUTM JUI1 CKBAKUHHOTO NPHMEHEHHA I ONpEJENICHUA MIOTHOCTH (opmanuii B
CKBAKMHHBIX omepamsx. Takum o0pa3oM, BO BpeMsA OypoBOH WM HHOH CKBOXHHHOM OIEpaIuu
BO3MOKHO TIOJIyYCHHEC M OOpabOTKa JAHHBIX KapOTa)ka U1 ONPEIACICHHUS JMHHM, MOKA3BIBAIOMICH
3(ppeKT rIUHUCTONH KOpKH, rpaduka «spine-and-rib» W H3BICUCHHE MIOTHOCTH (hopMaumu. JaHHbBIC
KapoTaka MOTYT BKJIIOYATh JAHHBIC TIaMMa-KapoTaka, KOTOPBIC OCHOBAHBI HA HCTOYHHKE,
NPOCHHPYIONIEM SHEPrHU raMMa-H3Iy4yeHUS B (JOPMALHIO, H ABA JCTCKTOPA, PAa3JC/ICHHbIC IO OCH
BJOJb HHCTPYMCHTA, KOTOPBIH PETUCTPHPYET OTPAXKCHHA ONMHCAHHOHM BbIEC 3HEPrum. JomyckaeTcs
CpPaBHCHHC JAHHBIX, HAIPUMEP, C 00JIACTBIO €IWHCTBA TAKOH CXeMbl «spine-and-rib». Ha ocHOBaHHH
TIOJIOKEHHS MOy YCHHON/H3MEPEHHOM TUIOTHOCTH Pp;MP 1, MOKHO OTPEACTHTD, MOMAJACT JIH TAKOE

HU3MCPCHHUC B 001acTh CAUHCTBA, H HA OCHOBAHUH 3TOT0 MOXKHO ITOJIYyYHTH INIOTHOCTH (l)OpMaI.[I/II/I.

[0075] B mpunoskeHHH TPHMEHSAEMBIH AITOPHTM HA OCHOBE CXEMBI «spine-and-riby moxker
TPHUBECTH K OAHOMY M3 JBYX MAaTEeMaTHYCCKHX CTIOCO00B. BBIOOp MaTeMaTHUecKOTo crocoda 3aBHCHT
OT MOJOXKCHHA HM3MEPEHHBIX 3HAYCHMH IIOTHOCTH ( PpgHpPy; ) Ha cxeme «spine-and-riby. Ecmm
MOy YCHHBIC TOYKH JAHHBIX HAXOJATCS B MpeAeiax 00JacTH eIWHCTBA, MOXKHO HCHOJIB30BaTh 1D-
cnocod, mwm ke 2D-cmoco0, xorma Touyka (TOYKH) JAHHBIX HAXOMATCA 33 IpPSACIAMH O00JIAaCTH

CAUHCTBA, KAK OIMHCAHO B HACTOAIICM JOKYMCHTC.

[0076] Ha ©UI". 8 mokasax mpouecc 800 ompeacicHIs MIOTHOCTH (JOPMALHH B COOTBETCTBHH C
BAPUAHTOM OCYIIECTBICHHUS HAcTOsmero onucanus. [Ipouecc 800 MOXKET BBINOJIHATHCS B CKBAKUHE B
PESKUME PEaTbHOTO BPEMEHH C HCIOJIb30BAHHEM CKBA’KHHHBIX KOMIIOHCHTOB, BKIFOUAS HHCTPYMCHT
H3MEPCHHS IUIOTHOCTH M CKBKHHHBIC KOMIIOHCHTHI 00paboTku. CKBOXHHHBIC KOMIIOHCHTBHI
00paboTKH MOTYT BKJIFOUATh B CeOs 3alOMHHAIOIIEE YCTPOHCTBO WM JPYrO€ YCTPOHCTBO XPAHCHHS
nH(pOpMAaIHH, OTHOCSIMCHCS K cxeMe «spine-and-rib» w/mmm cnpaBovHOH Tabmmne K03()(HIHMCHTOB,
CBA3AHHBIX C PA3IMYHBIMH IUIOTHOCTAMH (pOpMAImii, KaK OMHCAHO BhINIC. B HEKOTOPHIX BAPHAHTAX
OCYINECTBICHHA 00pabOoTKa M OMpPEICICHHE IUIOTHOCTH, IOJIYUCHHBIC B pesyibrarte mpomecca 800,
MOTYT OBITH BBINONHCHBI B CKBAKHHE B PEKHME DPEATBHOTO BPEMEHH. B Jpyrmx BapHaHTax
OCYIIECTBJICHH JIOMYCKACTCA IMOJyUCHHEC WH(OPMAINH O IUIOTHOCTH (HANPHMED, TOUKH JAHHBIX) B
CKBKMHC W THOO XPAHCHHC W 00padOTKA MO3KES W/HWIH TMEPEIava HAa MOBESPXHOCTH I 00paboTKH HA

MOBEPXHOCTH. B HEKOTOPHIX TAaKWX BAPUAHTAX OCYHICCTBICHUS 00paboTka w/mim wHQOPMAITH,
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OTHOCSIIUEC K CHPABOYHOM TaOimIe W/WIM cXeMe «spine-and-rib», MOTYT XpaHHTHCS HAa HA3€MHOM
YCTPOICTBE W/HIH B MECTE, YIAJCHHOM OT MECTa MPOBCACHHUA OypoBoii omeparmu. B mroboMm ciyuae
cobupaeMsblc TaHHBIC O IJIOTHOCTH IOJIYYAOT, a 3aTeM 00padaThIBAIOT C YUETOM CXEMBI «spine-and-

rib» W/uIu CIpaBOYHON TaOIIHUIIBL

[0077] B 6noke 802 nma monydyeHHs HH(POPMANUHU O IUIOTHOCTH HCIOJIB3YIOT CKBAKHHHBIH
MHCTPYMEHT, BKJIHOYAA OMIKHHH JATIUK TUIOTHOCTH (Ppy) M JATBHAH JATIMK TUIOTHOCTH (P ).
CKBaOXMHHBI HHCTPYMCHT BKIFOYaCT B ceOS IO MEHBIICH Mepe HCTOYHHK TIaMMa-H3JIyucHMI,
BBINOJHECHHBIH C BO3BMOXKHOCTBIO M3JIyUYCHHA TaMMa-U3JIy4yeHUs B (hopmaiiro. B oceBoM HampaBicHHH
OT HCTOYHUKA PACMOJOKCH TNCPBBIH (OMKHHH) [JCTCKTOP WJIH JATYHK, BBIIOJHCHHBIH C
BO3MOKHOCTBIO OOHAPY)KCHHS OTPAKCHUS TaMMa-H3Iy4CHHUs, OTPa’Karomerocs ot (opmanuu (Win
CTCHKHM CKBA)KUHBI), U BTOPOM (JAIbHUIl) ACTCKTOP WM JATYUK, BBIMOJHCHHBIA C BO3MOYKHOCTBEO
OOHAPYXKCHHA OTPAKCHHA raMMa-H3IyuYeHHsd, OTpakaromeroca or (opmanuu. [lepsblii u BTOpOI
JETEKTOPbI PACHOJIOKEHBI HA PA3HBIX PACCTOSAHUAX OT HCTOYHHKA, PUUEM MEPBBIN ICTEKTOP B OCEBOM
HAIIPABJICHUH PACIOJIONKEH ONWKe K HCTOYHHKY, YeM BTOpoH aerekTop. Takum oOpa3om, B Oioke 802
CKBAKHHHBIH MHCTPYMEHT MOJIYYAeT JBA H3MEPEHHS IUIOTHOCTH (DOPMALHH: NIIOTHOCTH IO OJIYDKHEMY

JATYMKY (Op) H TUIOTHOCTB TIO JAJIBHEMY JATIUKY (0 ).

[0078] B 6noke 804 BHIMONHAETCA NPEABAPUTEIbHAA MPOBEPKA, YTOOBI ONPEACIHTD, SBIIIOTCS
J¥ HM3MEPEHHBIC 3HAYCHUA OJMHAKOBBIMH/DABHBIMH WM HEeT. Ecom (pg/l = py/l), TOUKH JAHHBIX
SIBIIFOTCSL OJMHAKOBBIMH M OyAyT HAXOAWTHCA HAa JUHHH Oc3 3((PEKTa TIHHUCTONH KOPKH CXECMBI
«spine-and-rib». Korma (pgy = pyn), 00a 3HAYECHHA PAaBHBI MIOTHOCTH (opmamuu, u mpomecc 800
MO’KHO 3aKaH4MBaTh. /IBa 3HAYCHUA H3MEPECHMA IUIOTHOCTH PABHBI, €CIU CKBAKUHHBIA HHCTPYMEHT
HCTIOCPCACTBCHHO COMPHKACACTCA ¢ (hOopMAUUCH (HAMPHMEP, BAOIb CTCHKH CKBAKHHBI), H, TAKHM
00pa3oM, pa3aciicHHE KHIKOCTH OTCYTCTBYeET. [Ipomecc 800 MOXKHO 3aKaHYHBATH C OMPCACICHUCM

IIOTHOCTH (DopMarmu (Psa =Pun = P¢opmaum)~

[0079] OmHako ecmm ABa Pe3yabTaTa W3MCPEHUSA IUIOTHOCTH B ABYX ACTCKTOPAX OTIHYAFOTCA
(Psg # pyp), TPEOYETCA MOMOMHATENbHAA 0OPA0OTKA TOYEK NAHHBIX A ONMPENCICHHA MIOTHOCTH
(opmar. CooTBEeTCTBEHHO, B O0Ke 806 BBIMOTHACTCA Pa3MEIICHHE COOPAHHBIX TOYCK JAHHBIX.
JomyckaeTcs pa3MCIICHHC MOCPSACTBOM 3aKPCIUICHHSA KAKIOH W3 COOPAHHBIX TOYCK JAHHBIX HA
OCHOBE (P MpPy,) 3a TOUKOH HA CxeMe «spine-and-tib», KOTopas MOKET OBITh MOCTPOEHA KAK OIACAHO

BBIIIIC.

[0080] B 6m0oxe 808 ompencnAroT, MOMAmAeT M 3aKPCIUICHHAA COOpAaHHAS TOYKA (TOUKH)
JAHHBIX B 00NacTh equHCTBA Tpadmka «spine-and-rib». Ecmm Touka (TOUKHM) TAaHHBIX MOMAJACT B
007acTh CAMHCTBA, MPOLECC mMpoaovkactca B Omoke 810, a, ecmm He momamaer — mporecc 800

MPOA0IKACTCA B O10Ke 814,
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[0081] Korma coOpamnad TOYka MAHHBIX TOMAJACT B 00IACTh C¢AWHCTBA, B Ooke 810
OTIPEACILIIOT CAMYI0 ONMHM3KYIO K TOUKE JAHHBIX JIMHHIO, IIOKA3BIBAIOIIYIO 3((PEKT INIMHUCTOH KOPKH.
Kak ommcano BbImIe, 007aCTh COMHCTBA COACPIKUT IMOJHBIA CIICKTP JHHUH, MOKA3BIBAIOIIHX 3(PPEKT
TJIMHUCTOM KOPKH, OT MUHUMAJIBHON OO0 MAKCHMAaJIbHOH (Hampumep, Kak mokazano Ha OUI. 6B).
Hanpuvep, a1 kaxaoi TuHUH, MOKa3bIBaronie (KT ITHHUCTOH KOPKH, BBIMHCILIIOT PACCTOSHHE
MEXKIy COOpaHHON TOYKOHM JAHHBIX M JHMHHUCH, IMOKAa3bIBAIOINECH 3(PQeKT rmuHucToil Kopku. Kpome
TOTO, NMOJYYCHHOE PACCTOSHHE CPABHUBAIOT C KAKABIM JPYTHUM IOJIYUCHHBIM paccTosHHeM. CaMyro

OHM3KYIO THHUFO, TOKA3BIBAIOIIYIO 3(PPEKT IIHHUCTOH KOPKH, BRIOHPAIOT B O11oke 810,

[0082] B Onoxe 812 momyckaeTcsA MOJNyuYeHHE IUIOTHOCTH (hOpManuu W3 BHIOPAHHOM JHHUM,
nokasbiarommelt 3(h(eKT ITHHUCTOM KOPKH, U CBA3aHHOH mH(popmanuu. B yacTHOCTH, KOrjga B OJ0ke
810 BpIOpaHa KOHKPETHAS JTHHUA, HOKA3bIBAOINAT Y(P(PEKT ITHHUCTOH KOPKH, MOXKET OBITh OIIPEICIICHA
nepBas MareMaTH4eCKas 3aBUCHMOCTD TaKOH BBIOPAHHOM JTHMHHH H MOXKET OBITh ITOJIy4CHA MJIOTHOCTb
(opMaru, HampuMmep, W3 COpaBoyHOH TaOmmmsl (Hampuvep, TaOmuuel 1), Takas mnepsas
MaTeMaTH4eCcKas 3aBHCHMOCTb MOJKET IPEACTABIATh COOOH IMOIMHOMHAIBHYIO 3aBHCHMOCTD BTOPOTO
NOPAAKA WM JPYIYI0 HENPEPHIBHYIO MIH KYCOYHO-3aJaHHYH) (DYHKIMIO (HampuMep, IFOOYIO

HOIXOIAIIYIO OJJHOMEPHYEO (BYHKITHFO).

[0083] Ecmu B Omoke 808 ompeneneHO, yYTO MOJYYCHHAs TOYKA AAHHBIX HE HAXOJHUTICA B
mpeaenax oO0JACTH COWHCTBA, ONMPEICNICHHE IUIOTHOCTH (hopMarmu TpeOyer ApPYyroro MOAXOAA.
Hampumep, B HEKOTOPBIX BAPHAHTAX OCYIIECCTBICHHUSA, €CIIM TOYKA JAHHBIX HE HAXOIUTCS B Ipeaeiax
00JIaCTH CAMHCTBA, IIOTHOCTH (DOPMAIMH MOKCT OBITh IMOJIyYCHA M3 MATCMATHUYCCKOM 3aBHCHMOCTH

Ha OCHOBE 3HAYCHHH (Dp;HPy;), KAK OMHCAHO B HACTOSIIEM JOKY MEHTE.

[0084] Brox 814 MOXKET BKJIFOUATH B CCOA ABYXMCPHBIH AITOPUTM, OCHOBAHHBIH HA IOy YCHHH
IUIOTHOCTH (DOPMALIHA Poopmanus TOCPSACTBOM HCKOTOPO# (yHKIMH Fit2D B 3aBHCHMOCTH OT pPg g U
Py - Hampumep, BTOpyr0 MATEMATHYECKYIO 3aBHCHMOCTh (HANPHMED, MOJMHOMHANBHYIO TPETHETO
mopsaaka Poly2D) MOKHO HCHONB30BATh AMA ONMPCACICHHUA ILIOTHOCTH (OpMAWH I 3HAUCHHIA,
KOTOpBIC HAXOAATCS 3a MpelenaMu odnactu exmHcTBa. Koraa Bropas MaTeMaTH4ecKasl 3aBHCHMOCTD
TpeACTaBIIET COO0H MOMMHOMHUAIBHYEO 3aBHCHMOCTH TPETHETO MOPAIKA, ONMPEACILTOT KO3 PUIUCHTHI
TAKOW TOJMHOMHAIBHOH 3aBHCHMOCTH TPEThETO TMOPSOKAa Uil OOCCTICUCHHS HAWIIYUIICTO
COOTBETCTBUA 0a30BbIM HAOOpaM [AHHBIX (T. €. OJHOMY H TOMYy ¢ 0a30BOMy HAOOpYy [JAHHBIX,
omucaHHOMY BbIe). [IpeanonaraerTcs, 4T0 IIOTHOCTh (POPMALMH Pgopmanus SABHCHT OT Pgj H Py

CICOYFOIIAM 00Pa30M:

Poopmanus = POlyZD(PBa'PM) =a+b-psggtcpytd-pigte pintf sy Pt g Pigt
hepin+1i-pog pin+J Pin Pun ®
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[0085] Ja marHOTO 0a30BOTO HAOOpA JAHHBIX KOYPPUIUCHTHI ¢, b, ¢, d, e, [, g, h, i U j MOKHO
paccUMTaTh AHAJOTHYHO OIMMCAHHOMY BbImIE crocoOy. Iloaxomsmime 11 MOACTHPOBAHHBIX JAHHbIC
npuseneHbl Ha OULT. 9. Ha OUI. 9 u3o0paxkeH aByxMepHsIi rpaguk 900 (Hampumep, KOHTYPHBIH
rpauk), Ha KOTOPOM MOKA3aHA CTPYKTYPA JIHHUH, TOKA3BIBAOIICH 3(P(PECKT TTTHHACTOH KOPKH, B TPEX
M3MEPEHUAX (OCh X, OCh Y H KOHTYP/IPO(QHIHPOBKA), MPHIEM OIMIKHAA IIIOTHOCTD (0p;) BAOJb OCH X,
AQIBHSA TJIOTHOCTD (0;1) BAOJb OCH Y H IUIOTHOCTb (DOPMALMH (0o pmanus) H30OPAIKEHBI KAK TPATHCHT
w/umu koHTYp Ha rpaduke 900. Ha rpaduxe 900 mokazaHa KOHTYpHAs KpHUBAs, WLTOCTPHPYIOINAL
CKOPPEKTHPOBAHHYIO IUIOTHOCTH IO CPABHEHHUIO C IJIOTHOCTSIMH OJIMKHETO M JANbHEro AaT4yukos. C
MOMOIIBI0 ypaBHEHUs (8) MOMKHO CO3JaTh AQHAJOTHYHYIO CHOPAaBOYHYIO TaOiomIy, Kak B

BbIIICOIMMCAHHOM IPOLCCCC, ML ILUIOTHOCTEH 3a npeaciaMmu 00J1aCTH €TUHCTBA.

[0086] C YyuYCTOM BBIICH3IOKCHHOTO HACTOSINEE OMHCAHHE OTHOCHTCA K OOCCIICUCHHIO
VIIYUIIECHHBIX IPOIECCOB ONMpPEeIeaCHIU IIOTHOCTH (popmanuu. Oy mim 60jee CIpaBOYHBIX TAOTHIT
BBINOJHAIOT U3 H3BECTHBIX JAHHBIX (HAPHMEDP, MOJICBBIX JAHHBIX, PE3yJIbTATOB MOJCIHPOBAHHA H
T. a.). CrpaBouHble TaOIHOBI KOPPEIHPYIOT C AMArpamMmoil «spine-and-rib», kotopas oToOpaskact
H3BECTHBIH HaOOp AaHHBIX B BHAC HAOOPA M3BECTHBIX HJIH OCHOBHBIX JTHHHH, OKA3hIBAIOIIUX 3(PPEKT
TTIHHHCTOH KOPKM, M HM3BECTHOH juHHH Oe3 3(pdexra rmuHHCTOH KOpku. Bo BpeMsa CKBaKHHHON
onepanu, Takoi kak OypeHHe, raMMa-H3/Iy YatOIUi HHCTPYMEHT HIIH APYTOH HHCTPYMEHT H3MEPEHHU
IUIOTHOCTH MOYKHO HCIIOJIb30BaTh I COOpa WIIM H3MEPEHH IUIOTHOCTH (popmanmu. Ha ocHOBE 3TOTO
HOTYYal0T H3MEPCHHBIE 3HAYCHUA Pp; H pPgy . 1IPEIBADHTENBHYI0 MPOBEPKY BBINOJHAIOT C
BO3MOKHOCTBIO ONPEIEICHAS TOTO, OTHOCHTCA JIH H3MEPEHHAA MApa Ppj M Py K 0OIACTH €IHHCTBA
(®UI'. 6B). Ecmu H3MEPEHHBIE JAHHBIC HE MOMAJAKOT B 00NACTh CIMHCTBA, TO 3HAYCHHUE Pgpopvanus
(manpuMep, IUIOTHOCTH (JOpPMAIMH) MOJYYAIOT C HCHOJb30BAHHEM BTOPOH MaTreMaTHYCCKOM
3aBHCUMOCTH (HAIpUMED, MOJHHOMHAIBHON 3aBUCHMOCTH TPETHETO MOPsAKA (HAIPHMEDP, YPABHEHHS
(8)). OmHako, ecii U3MCPCHHBIC TAHHBIC HAXOIATCA B MPEACNax 00JaCTH CIUHCTBA Tpaduka «spine-
and-rib», JOMyCKAcTCA NPHMCHCHHC TCPBOH  MATEMATHYCCKOH  3aBHCHMOCTH  (HATpHUMED,
MOJTMHOMHUAJIBHOM 3aBUCHMOCTH BTOPOTO mopsiika (Hampumep, ypasHeHus (1)). B oaHOM HE UMEIOIIEM
OTPAHUYHTEIFHOTO XapaKTepa MpUMepe MPHMEHCHHUS IOJIMHOMHAIBHOTO AJITOPHUTMA BTOPOTO MOPSIIKA
HOTY4Ar0T 3HAYEHUA BCEX OA30BBIX MOJHHOMOB NMPH H3MEPEHHH Pp;. C H3BECTHBIM 3HAYECHHEM Dp,
M3MEPEHHOE 3HAYEHHE pj; HCMONB3YHOT 1 ONPEACHCHAA TOTO, KAKas H3BECTHAA JIMHUSA,
MOKA3bIBArOImast 3(P(EKT TTHHHCTOH KOPKH, SBJIETCA HAmOOJIee MOAXOMAMIEH AI H3MEPEHHbIX
JAHHBIX. 3areMm ¢ IIOMOIIBEO CHp.’:lBO‘IHOfI Ta6J'II/II.[I>I MOJIYYA0T IUIOTHOCTH, KOTOpPAA COOTBCTCTBYCT
3TOMY TOJIHHOMY, H TaKO€ ONIPEICICHUE HCIONB3YIOT U BBIACICHUA, OMPEACIICHUS HITH BHIMHCICHHU S

IJIOTHOCTH (POPMALKMH P opmaryus -

[0087] C yuYCTOM BBINICH3IIOKCHHOTO HCKOTOPHIC BAPHAHTHI OCYIICCTBICHHUA HACTOSMICTO
OIHMCAHMS HAIPABJICHBl HA MOJYYCHHE YIVUIICHHBIX JAHHBIX CKBAKUHHOTO HCCICIOBAHUS, KOTOPBIC

coOuparoT BO BpeMsa paboTel mpu BpameHuH. [IpuMeHCHNE WH()OpMAINH O TJIOTHOCTH HA OCHOBC
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TaMMa-u3JIyvuUCHHA C ABYMA HU3MCPCHHBIMHA 3HAYICHUAMMH, pBZl H pﬂﬂ. , HO3BOJHCT ONPEACTIUTH
(PaKTHIECKYIO IUIOTHOCTh (POpMAIUH C BBICOKOH TOYHOCTHIO M BBICOKHM YPOBHEM JOCTOBEPHOCTH.
IMocpeacTBoM CO3mAaHUA CHPABOYHON TaOMUIBI M CXEMBI «spine-and-rib», KOraa BBIIONHAIOT
CKBA)KHHHYIO OTICPALMIO M ITOJIYYAIOT JBEC 3HAYCHUSA IUIOTHOCTH, (DAKTHUYECKYIO IUIOTHOCTH ()OpMaIMu
MOXHO MOJIyYHTh H3 TAKHX OBYX 3HAYCHHH IIOTHOCTH. BapI/IaHTBI OCYHICCTBJICHUA HACTOALICTO
OTHCAHUA MOTYT OIPENCIATh IUIOTHOCTh (POpMALUH, Ja’ke €CIH TAKyH IUIOTHOCTh, KaK IPABHIIO,

TPYIHO MOJIYUYHTH HPH HPEAIIECTBYFOIIEM MPOLECCE ONMPEACICHHSL.

[0088] OnucaHHbIC BBIIEC CIOCOOBI ONMPEIACICHUA IUIOTHOCTH (DOpMAIlu  TOIMYyCKACTCA
BBIOJNHATG B PA3IHUYHBIX CKBOKHHHBIX Omepanusax. Hampmvep, B HEKOTOPHIX BapHAHTaX
OCYILICCTBJICHHA MPOLECCHl, OMHCAHHBIC B HACTOSIIEM JOKYMECHTE, MOTYT OBITh PpEaIH30BAHBI B
HHCTPYMEHTaX CKBKHHHOTO OypeHHs W/HWIH B KOMIOHOBKAaX HU3a OypuibHOH komonHbl (KHBK) u
BBINIOJTHEHBI B Tpoliecce Oypenmsa. TakuM oOpa3oM, IIIOTHOCTH (hOpMaIMy MOXKET OBITH BHIMHCIICHA B
CKBQ)KHHE B PEKHME PEATBHOTO HIH MPAKTHYCCKH PEAJbHOTO BPEMEHH, a ACHCTBUA HA OCHOBAHMH
TaKOTO OIpEJCNICHUA MOIYT OBITh BBIIOJHEHbI B PEKHME PEATHHOTO BPEMCHH HJIH B PEXKUME
MPAKTHYECKH PEATbHOTO BPEMEHH. B HEKOTOPBIX BapHAHTAX OCYINCCTBICHUS HH(OpMALHS MOMKET
ObITh IepeaHa Ha MOBEPXHOCTh I YaCTH ONMCAHHBIX IPOLECCOB, MOAJEKAIIMX BBINOTHCHHIO HA
NMOBEPXHOCTH, HANPHMEP, C HCHONB30BAHHEM OJOKA HA3eMHOTO0 KapoTaka MM JPYroro THIA
npoueccopa/KoHTpouIepa. B Takux curyanuax mosydyeHHas HH(pOpPMAIHA O INIOTHOCTH MOXKET OBITh
HCTIOIb30BaHa ONEPATOPOM JUI1 KOHTPOJ mpouecca OYpeHHA HIH APYTrod CKBAKHHHOH onepamum.
Kpome Toro, B HEKOTOPBIX BAPHAHTAX OCYLICCTBJICHUA OMMHCAHHBIC CIIOCOOBI MOTYT OBITH BBIIOJIHCHBI C
HCTIOJIb30BAHHEM TPOBOIHOTO WJIM KOHTPOJLHOTO YCTPOMCTBA, YTO MOJKET OBITH BBINOJHCHO IMOCTC
3aBepUICHUs OypoBBIX PadOT WM TPH OCTAaHOBKE OypoBoi omepanuu. CnenmanuctaM B JAHHOH
00J1acTH ClaeAyeT UMETh B BUAY, YTO HH(POPMALHSI O IUIOTHOCTH MOXKET OBITh PACCUMTAHA, A 3aTEM HA
OCHOBAHMH Takod HWH(POPMAUMH MOTYT OBITh BBINOJHCHBI IMOCIACAYIOUIMC JACHCTBHA, HAIPHMEP
IUIAHUPOBAHHWE  JOMOJHHUTEIBHOTO OYPEHHWS, KOPPEKTHPOBKA IUIAHA OYpEeHWs, CO3JaHHE

THAPOPA3PHIBOB WM JPYTOTO IJIAHA JOOBMYM HA OCHOBE INIOTHOCTH HJIM T. II.

[0089] XOoTs TPHBEACHHOE BHIIMIEC OMHCAHHE C(OKYCHPOBAHO HA TMOJPOOHOCTAX HECKOJIBKUX
OTPAaHUYCHHBIX MM KOHKPETHBIX NMPHMEPOB, CINCHHAINCTAM B JAHHOH oOiacth OyJeT MOHATHO, YTO
pa3nu4HbIC MPU3HAKH M ACMEKTHI PACKPHITHIX MPOLECCOB W/HIM CHCTEM MOTYT OBITh H3MEHCHBI O€3
OTCTYIUICHHS OT 00BeMa HACTOSINEro omucaHus. Kpome TOro, XOTs OOBIMHO OIMHMCAHWE IPHBOIUTCS
IUIA TETH OMPEJCJICHAS IUIOTHOCTH (JOPMOBAHHSA, HACTOSIIEE PACKPBHITHE H OIHMCAHHBIC CIIOCOOBI
MO>KHO HCTIOJTB30BATH I H3MCPCHUA 00OBEMHON IUIOTHOCTH, (3JCKTPOHHON) IIOTHOCTH, TIOPHCTOCTH
(opMary /MM JPYTHX CBOMCTB M/MIM XapaKTEPHUCTHK (DOpMAIHH, KOTOPHIC NMPSIMO HJIM KOCBEHHO

OTHOCATCS K INIOTHOCTH (DOPMALIHH.

[0090] B oTHOMICHHH PACKPHITHIX CTIOCOO0B, XOTA OMMACAHHOC BHIIIC MOJACITHPOBAHAC TT0 MECTOIY

Mounre-Kapao OTHOCHTCS K ONPSACTICHIIO HA0Opa JAHHBIX JTHHHH, TTOKA3HIBAFOICH 3(D(EKT IIHHACTOH
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KOPKH, MOKHO HCIOJB30BAaTh PA3IHMYHbIC IPYTHE CIOCOOBI O€3 OTCTYIUICHHS OT 00BbEMA HACTOSINETO
ommcanusd. Hampumep, ACTCPMHHUPOBAHHBIA pPAcUeT NPOXOKIACHUS H3IYyYCHHA MOMKET OBITH
HUCTOJBb30BAH B KAYUCCTBC AJIbTCPHATHBBI H/MIIH B KOM6I/IHaI.[I/II/[ C MOACITHPOBAHUCM IO METOAY MomnTe-
Kapno. [lomosHHTENPHO WIM B3aMEH MOIYT OBITh HCIOJNB30BAHBI JIpyTrHe  (HaMpHMED,
JCTCPMUHHUPOBAHHBIC) CIMOCOOBI MOACTHPOBAHHA W/HIM CHOCOOBI HA OCHOBE J1a0OPATOPHBIX
I/ISMCpCHHﬁ, H/HITH MOTYT OBITh HCIOJI30BAHBI IOJICBBIC HU3MECPCHUA Uil CO3AaHUsI OCHOBHBIX J'II/IHI/IfI,
MOKA3bIBAIOIMX 3(P(EKT TITHMHHCTOH KOPKH, HACTOSINETO ONHCAaHHA. Takum o00pas3oM, clexyer
NMOHUMATh, YTO HPEICTABICHHBIC BBILE NPHMEPHI NMPOLECCOB W CHOCOOOB NPEAHAZHAYCHBI IS

HWITHOCTPATHBHBIX U MOACHUTCJIBHBIX ueneﬁ U HC NMPCAHA3HAYCHBI TSI OTPAHHICHUA.

[0091] Kpome Toro, HecMOTpSI Ha TO, YTO JTHHUH, MMOKA3BIBAIOMME 3P(PEKT IIUHUCTOH KOPKH, H
00J1aCTh €INHCTBA, ONIMCAHHBIC BBIIIC, OCHOBAHBI HA KOHKPETHOM ITOJIMHOMHAIIBHOM IIPHMEPE BTOPOTO
MOPSIIKA, MPEANOYTUTEIBHBIC 3aBUCHMOCTH HE JTOJDKHBI OTPAHHYUBATHCS KOHKPETHBIMH ONMHUCAHHBIMHU
npuMepamu. Hampumep, 1714 NpeaCTaBICHHA JTHHHH, MOKA3bIBAOIUX 3()(EKT ITHHHUCTOH KOPKH,
MO’KHO HCIIOJIb30BaTh THOOYIO IOJXOSMIYE) OJHOMEPHYIO HENPEPHIBHYIO HJIH KyCOYHO-33JaHHYIO
(DYHKIHFO. AHATOTHIHBIM 00pa30M, AT MPEICTABICHUS 3aBHCHMOCTH MEXIy 00BEMHOI IITOTHOCTHIO
H AByMA KOKYIIUMHCA IUIOTHOCTAMH MOXKHO HCIIOJIB30BAaTh JTIOOYI0 HOAXOJALIYIO ABYXMEPHYIO
HETPEPBIBHY IO HJIH KyCOYHO-331aHHYI0 (PyHKIH0. CrieayeT MOHUMATh, YTO HAWIYYIINE TOAXOISIINE
3aBUCHMOCTH MOIYT ObITh B (popMe (yHKUMH, COAepKAIMX SKCHOHCHIMAIBHBIN “WICH (UICHBI),
Jorapu(pMHUICCKAN YICH (WICHBI) U T. . B COOTBETCTBHH C BAPHAHTAMH OCYINECCTBJICHHS HACTOSIICTO
OTHCAHUS JTHHHUH, MOKA3bIBAOIHE 3(P(PESKT TTTHHUCTOH KOPKH, H 00JIACTH €AMHCTBA MOTYT OBITH IO
CYHIECCTBY OMPEICIICHBI MEPBOH MATEMAaTHYCCKOW 3aBHCHMOCTBIO, a HH(POpPMAIMA O IUIOTHOCTH 32
mpeAeaaMu TakOH OIpeneICHHOW 00JacTH MOXKET OBITh MOJYyYEHAa C HCHOJb30BAHHEM BTOPOH
MATEeMAaTHYECKOH 3aBUCHMOCTH, OTJIHYAIOIICHCA OT TEpPBOH MATEMATHYCCKOH 3aBHCHMOCTH.
Maremarnueckie 3aBHCHMOCTH MOTYT BKJIKOUaTh B ceOs, Oe3 OTrpaHHYCHUI, HEMPEPHIBHBIC HIH
KyCOYHO-3aJaHHBIC (I)YHKI.[I/II/I, BKIKOYAA “UICHBI NMOJWHOMOB H TIIOJIHHOMOB BBICHICTO IIOPAOKA,
PAmUOHAJIBHBIC, TPUTOHOMCTPHYCCKHEC, JSKCIMOHCHUHAIBHBIC, KBAOPATHBIC HIH 0Oojiee  BBICOKHE
KOPHEBbIC WM JOoTapru()MHICCKUE 3aBHCHMOCTH. TakuM 00pa3oM, CIECIHAINCTAM B JAHHOH 00IacTH
CllelyeT UMETh B BHIY, YTO HACTOSINECE ONHCAHHEC HE OTPAHMYCHO IMPEICTABICHHBIMH NMPHMEPAMH, H

YTO TAKUC MPHUMCPBI NPCACTABIICHBI U MOSICHATCIIBHBIX H HIITFOCTPATUBHBIX I.[eJIefI.

[0092] Kpome TOTO, XOTA B ONHCAHWH WCIOJB30BAHA CNPABOYHAS TaOMIA AT OUCHKH
IUTOTHOCTH (DOPMAIMH B CKBAKUHHOM OTICPAIINH, TAKAsI KOHKPETHAS OINEPALH HE OTPAHHYHBACTCS CIO.
B 3r10off KOH(HWIypamuHu WCHONB30BAHUE CIPABOYHOW TAONHIBI MOXKET OOCCIECYHTH 3IKOHOMHIO
PeCypcoB MHKpOIIporieccopa B CKBaKHHE. OTHAKO B APYTHX BAPHAHTAX OCYIIECCTBICHHA PacicT B
peaTbHOM BPEMEHH MOXKET OBITH BBINOJHEH [UIA PacdyeTa KOI(P(HIMECHTOB JHHHUH, MOKA3BIBAOIICH
3(pQCeKT TTMHACTON KOPKH. B 310 KOH(pHUTYpamuu MOKET OBITh YBCIIMUCHA MOITHOCTH 00PA0OTKY HITH
HATpy3Ka HAa PECypChl CKBAKHHHOTO MHKPOIIPOIIECCOPA, MOXKET OBITh YMCHBIICHA IAMATh LA

3aMOMHHAIOIIETO0 yCTpoHcTBAa. TakuMm 00pa3oM, CYHIECTBYET KOMIIPOMHCC MEKAY aAKTHBHBIM
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BBIMHCIICHHCM B CKBLKUHC (HANPHUMCEP, MCHBINAA MOTPECOHOCTh B 3aIIOMHHAOMICM YCTPOMCTBE) H

CHpaBOYHOH TabIHIEH (HampuMep, MEHBIIAA MOTPEOHOCTH B 00paboTKe).

[0093] Hmwke DpHBEACHBI HEKOTOPBIC BAPHAHTBI OCYLICCTBICHUA  BBIMICIIPHBEACHHOTO
OTHCAHUA.
[0094] Bapuant ocymecteierns 1. Cioco6 ompenencHus IIOTHOCTH CKBAKUHHOHN (popManum,

BKITFOYAIOMIAA: MOIYyYEHHE TEPBBIX TAaHHBIX O TUIOTHOCTH ( Pp;) € HCNONB30BAHHEM ONHIKHETO
JICTEKTOPa, BBINOJIHCHHOTO C BO3MOKHOCTBIO OOHAPY)KCHHA OTPAKCHUH CHTHANA, NMEPEIAHHOTO B
CKBOKMHHYIO (DOPMANUIO; TMOJNYYEHHE BTOPHIX NAHHBIX O IUIOTHOCTH ( py;) C HCIOJIB30BAHHEM
JAIBHETO JETEKTOPA, BBINOJTHCHHOTO C BO3MOJKHOCTBIO OOHAPY’KCHUSA OTPAKCHMH IIEPEIaBacMOTro
CHTHATA M3 CKBAKHHHOW (pOpMAUHM, TPH HSTOM JANbHHH JCTCKTOP PACHOJ0KEH HAa OOJbIIEM
PACCTOSHHH OT HMCTOYHHMKA, YeM ONIKHHI [JETEKTOp, a TAaKKe ONpPEACICHHE TOTO, INOMAmaeT JH
M3MECPCHHAA TOYKA JAHHBIX HA OCHOBE Pp; H P B 0071aCTh €IMHCTBA rpaduka «spine-and-riby; ecmm
H3MEPEHHAs TOYKA JAHHBIX IIONAJAeT B 00JAcTh C€IMHCTBA, ONPEACICHHE IUIOTHOCTH (hopMaluu
ONPEACIOT MOCPEACTBOM TNEPBHYHOH MATEMAaTHYCCKOH 3aBHCHMOCTH, a €CIH H3MEPEHHAs TOYKa
JAHHBIX HE MOIAZacT B OOJACTb CAHHCTBA, OIPEICICHHE IUIOTHOCTH (hopMalMH MOCPEACTBOM

BTOPHYHOM MATEMATHYCCKON 3aBUCHMOCTH, OTJIMMHOHN OT MEPBHYHOM MAaTEMATHYECKON 3aBHCHMOCTH.

[0095] Bapuant ocymiecTBieHHS 2: Cmoco0 B COOTBETCTBHH C JIOOBIM IPEAIICCTBYHOLINM
BAPHAHTOM OCYLICCTBJIICHUA, OOMOJHHUTCIIBHO BK.IIIO‘Ia}OH.II/Iﬁ BBIIMIOJTHCHUC HAIIPABJICHUC 6yp€HI/I}I Ha

OCHOBE OTPEICICHHOM IUIOTHOCTH (POpMAaLIHH.

[0096] Bapuant ocymecTBICHHA 3. Cmoco0 B COOTBCTCTBHH C JFOOBIM IMPCOIICCTBYFOIIHM
BAPHAHTOM OCYINCCTBICHHA, B KOTOPOM IUIOTHOCTh (DOPMALMH PACCUHTHIBAIOT CKBAKHHHBIM
HHCTPYMEHTOM, METOJ, OMOJHHTEILHO BKIIOYAIOMHAH BBIIOJTHEHHE OypOBOM ONEpaImy, TIPHIEM Pp

U P TIONYYArOT BO BPEMS YKa3aHHOH OypOBOii Onepanum.

[0097] Bapuant ocymecTBicHHA 4. Cmoco0 B COOTBCTCTBHH C IFOOBIM IMPCIAMICCTBYFOIIHM
BAPHAHTOM OCYIICCTBICHHA, JOMOJHHTCIBHO BKIIFOUAFOINMI: BBMMUCICHHC TOYKH, IOKA3BIBAFOIICH
BIMAHME TIHHACTOH KODKHM, HAa OCHOBE pPp; H Py H OTKIANBIBAHAE BBIMHCICHHOH TOYKH,
TMOKA3BIBAIONICH BIMAHUC TIHHUCTOH KOPKH, HA rpaduke «spine-and-riby; OMpeacicHHE MePeCeUCHIU
BBIMUCIICHHON JTHHUH, TIOKA3BIBAFOIICH BIIMSHUC TTHHHCTOW KOPKH, W JTHHHU OC3 BIMAHUA TIIHHUCTOMN
KOpKH, Ha Tpaduke «spine-and-rib», mpu 31OoM JIHHMA, O0€3 BIVSHASA TTHHHCTOH KOPKH NMPEICTABILICT
COGOH JHHHIO TUIOTHOCTH, TAE Pp; = Pgs > ONPENCICHHE IUIOTHOCTH (POPMAIMM HA OCHOBE

HCPECCUCHNS, U BHIIOHCHAC HATIPABJICHHUS OYPCHI HA OCHOBE ONPC/CICHHOM IIOTHOCTH (DOPMATIHIL

[0098] Bapuant ocymecTBICHHA 5: CIOCO0 COTIACHO JIFOOOMY MPCAMICCTBYIOMICMY BApPHAHTY

OCYIICCTBJICHHA, B KOTOPOM NCPBAA MATCMATHYICCKAA 3aBHCHMOCTH HMECT (I)OpMy TIOTHHOMHATBHOM
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3aBHCHMOCTH BTOPOTO MOPAMKA: Py = A * Py * Ppy + b * pgg + €, TA€ a, b ¥ € IPEACTABIAIOT COOOH

K03()(pUIHEHTHI KAKA0H MOTMHOMHUAILHOM 3aBHCHMOCTH BTOPOTO IOPSAIKA.

[0099] Bapuant ocymecTBieHHA 6. CIOCO0 COTIACHO JIFOOOMY MPEIAIICCTBYIOIIECMY BAPHAHTY
OCYILCCTBJICHHA, TOTIOJHUTEIBHO BKIIFOYAOINUI ONPEICICHUE IUIOTHOCTH (DOpPMALUH H3 CIPABOYHOH

TaOMIBI HA OCHOBE KO3(()HIMEHTOB, KOTOPBIE JTy4IIE BCETO MOAXOIAT AT H3MEPEHHUA P B Oy

[0100] Bapuant ocymecTBieHuA 7: CIOCO0 COTIACHO JFOOOMY IMPEIIICCTBYIOIIEMY BAPHAHTY
OCYILICCTBJICHHA, JOTOJHHUTEIBHO BKIIOYAIONIMH Iepeady PacuyeTHOH IUIOTHOCTH (popmanuu Ha

MOBEPXHOCTb.

[0101] Bapuanr ocymectieHua 8: Croco0 COTIacHO JOOOMY IMPEIIICCTBYIOIIEMY BApPHAHTY
OCYINCCTBJICHHSA, B KOTOPOM BTOPAsS MATEMATHYCCKAS 3aBHCHMOCTh HMECT (POPMY IOMHOMHATHHOM
3ABHCHMOCTH ~ TPETBETO MOPAIKA:  Ppopmanas = @ + D psp+ ¢ pun+d - pip+e-pin+f - psy-
Pun+ g Pig R pin i psyc Pis +JPRa Pans TAC Pyopmanus MPEACTABILET COOOM IIOTHOCTH
(popmarnu, a a, b, ¢, d, e, f, g, h, i u j mpeacTaBmsroT c060#t KOIPYUIHECHTHI KAXKTOH OTHHOMHATBHON

3aBHCUMOCTH TPCTHETO MOPAIKA.

[0102] Bapuant ocymiectBieHus 9: Cmoco® COTIACHO JHOOOMY MPEAIICCTBYIOLICMY BAPHAHTY
OCYINCCTBJICHHA, AOTOJHHTEIFHO BKIIFOUAFOINMIL YCTAHOBJICHHE HAYAIbHONH HH(pOpMADUH MOICTH
MHCTPYMEHTA H H3BECTHOH MH(OPMAIMH O MIOTHOCTH, T€HEPHPOBAHHE HAOOPA OTBETOB Ppy U Py
HM3BCCTHBIX JAHHBIX AT (JOPMHPOBAHIA OCHOBHBIX JTHHHM, IIOKA3BIBAFOINUX H(P(CKT TIHHUCTOH KOPKH,
TCHCPHPOBAHUC HAOOpa BTOPHIX MATCMATHUYCCKHX 3aBHCHMOCTCH HA OCHOBE OCHOBHBIX JIHHHI,
MOKA3BIBAIONINX (PPEKT TIHHACTON KOPKH, W CO3JAHUC CIPABOYHOHN TAaOJMIBI HA OCHOBES OCHOBHBIX
JHHAH, TOKA3BIBAIOIIMX S(PQPCKT TITHHUCTOH KOPKH, W OMPCACICHHC OONIACTH COMHCTBA HA OCHOBC

CIIPABOYHOM TAOIHIIEL.,

[0103] Bapuant ocymectsieHus 10: cnoco0 cormacHo moO0oMy MPEAMICCTBYIOMICMY BAPHAHTY
OCYILCCTBIICHHA, JOIOJHHUTEIFHO BKIFOUYAOIMN: MO MCHBIICH Mepe OJHY HHTEPHOJIHPOBAHHYIO WIIH
SKCTPANMOIMPOBAHHYIO TOTOJHUTCIbHBIC JMHAHW, MOKA3bBAOIHE 3(PQEKT TITHHHCTOH KOPKH, OT
OCHOBHBIX JIHHHH, MOKA3bIBAIOIMX >((PEKT TIIMHHUCTOH KOPKH, M CO3JAHUE CIIPABOYHOM TaOIHIBL,
HMCIOMICH KAaK JaHHBIC OCHOBHBIX JIHHHM, INOKA3bIBAOMMX 3(P(EKT TIIHHHUCTOH KOpPKH, TaK H
HHTEPIIOIMPOBAHHBIC WM HKCTPANOTHPOBAHHBIC TOMOJHHUTEIBHBIC JTHHUH, MOKa3bBaronmme 3(dexr

TJIMHUCTOU KOPKU.

[0104] Bapuant ocymectsieHus 11: cnoco0 cormacHo moboMy TMPEAMICCTBYIOMECMY BaPHAHTY

OCYIICCTBJIICHHA, B KOTOPOM 00IIacTh CTHHCTBA onpeaAcACTCA Ha OCHOBE CMOACTTHPOBAHHBIX JAHHBIX.
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[0105] Bapuant ocymectsieHHs 12: cnoco0 cOrmacHo moO0My MPEAMICCTBYIOMICMY BapHAHTY
OCYIIECTBICHUA, B KOTOPOM CMOJCIHPOBAHHBIC JAHHBIC MNOIYYAOT C  HCHOJb30BAHHUEM

MOJACIUPOBaHusA O MeToay MoHnTe-Kapio.

[0106] Bapuant ocymectsiacHuA 13: crioco0 ompeneicHus IIOTHOCTH CKBAKHHHOM (popManum,
BKIIFOUAFOINUI: TCHEPHPOBAHNUE JAHHBIX CKBAXKHHHOTO MHCTPYMEHTA, HCIOIb3YEMOIO IS H3MEPCHUA
IUIOTHOCTH CKBOKMHHOM  ()OpMAIMM, TCHEPUPOBAHHE HEOOXOJMMBIX JAHHBIX, COACPKAIIUX
HHPOPMALIMIO O 3HAYCHUAX OTKIOHCHUS, YJCIbHOM Bece OYypoOBOrO pacTBopa H /JHANa30HE
MOTCHIUAIBHBIX IUIOTHOCTEH ()OPMAIMH;, MHCIIOJB30BAHHE JAHHBIX HHCTPYMEHTA H HEOOXOJUMBIX
JAHHBIX, TCHEPUPOBAHHE HAOOPA OTBETOB OMIDKHETO M JANBHETO JACTEKTOPOB; TCHEPHPOBAHUE HAbOpa
OCHOBHBIX TOYCK, IMOKA3BIBAOIUX 3((EKT ITUHUCTOH KOpKH, rpaduka «spine-and-rib» Ha OCHOBE
Ha0opa OTBETOB, MOJYUYCHHE HAOOPa MEPBBIX MATEMATHYCCKHX 3aBHCHMOCTCH HAa OCHOBE OCHOBHBIX
TOYEK, MOKA3BIBAOMHUX 3(P(PEKT IIMHACTOH KOPKH, ONpeciIcHHE 00JaCTH €AUHCTBA rpaduka «spine-
and-rib» Ha OCHOBE OCHOBHBIX TOYCK, IMOKA3BIBAKOMIMX 3(P(EKT ITHHUCTON KOPKHU, W IEHEPHPOBAHHE

CIPABOYHOM TAOIHIBI HA OCHOBE HAOOPA MEPBBIX MATEMATHYCCKUX 3aBUCHMOCTCH.

[0107] Bapuant ocymecTBieHust 14: crocod COrIacHO J000My NMPEAIICCTBYIOMEMY BAPHAHTY
OCYLIECTBJICHHS, JOMOTHUTEIHHO BKIIOYAIOINHNA: H3MEPEHHUE IUIOTHOCTH (POpMALHK IEPBBIM JATIHKOM
Pgj M TUIOTHOCTH (POPMAUMH BTOPHIM JATYAKOM Py, C HCTIONB30BAHHEM OIHXKHETO H JATBHETO
JETEKTOpa COOTBETCTBCHHO, ONpPEICICHHE IUIOTHOCTH (POpMAIMH U3 H3MEPEHHOH NEepBOil IUIOTHOCTH
(bopmamun Py, U H3MEPEHHOH BTOPOH MIOTHOCTH (DOPMAIMH Py HA OCHOBAHHH IO MEHBINCH Mepe
oxHOM W3 auarpamm «spine-and-rib» u crpaBO4YHON TAONHIIBL, KOTAA H3MEPSHHAS IEPBAs IUNIOTHOCTD

(opmanuu p; U M3MEPEHHAA BTOPAs IIOTHOCT (DOPMAIMH O, TIONIANACT B 00MACTh CIUHCTBA.

[0108] Bapuant ocymecticHHS 15: cmoco0 cOrmacHo moO0My MPEAMICCTBYIOMECMY BAPHAHTY
OCYIIECTBJICHUSA, AONOIHHUTEIBHO BKIFOYAIONIMH: ONMpPEAC/ICHHE TOTO, HE IOMAAACT JTH H3MEPEHHAS
nepeasg MIOTHOCTh ()OPMANMH Pp; H H3MEPEHHAs BTOPAd IUIOTHOCTH (DOpMAIMH Py B 0OMACTH
€IMHCTBA, W OIPEACICHHC IUIOTHOCTH (OPMAMH W3 BTOPOH MATEMATHYCCKOH 3aBHCHMOCTH C
HCTIONTb30BAHAEM M3MEPEHHOH MEPBOi IIOTHOCTH (DOPMANUH Pp; H H3MEPEHHOM BTOPOM IIOTHOCTH
(bopmamun  pn; . TPHYEM BTOpPasd MATEMATHYECKAA 3aBHCHMOCTh OTIMYAETCA OT TEPBOM

MATEMATHYCCKOH B3aHMOCBA3H.

[0109] Bapuant ocymectsieHHS 16: cnoco0 COTmacHO MOO0MY MPEAMCSCTBYOMIECMY BAPHAHTY
OCYIICCTBJICHHA, B KOTOPOM IEPBAsT MAaTEMaTH4YECKas 3aBHCHMOCTh UMEeT (JOPMY IMOIHHOMHAIBHOH
3aBACHMOCTH BTOPOTO MOPAMKA: Py = @ * Py * Ppy + b * pgg + €, A€ a, b ¥ ¢ MPEACTABIAOT COOOH

K03(pPUIHEHTHI KAKA0H MOTMHOMHUAIBHOM 3aBHCHMOCTH BTOPOTO IOPSIKA.
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[0110] Bapuant ocymectsieHus 17: cnoco0 cOrmacHo moO0My MPEAMICCTBYIOMICMY BapHAHTY
OCYILECCTBJICHHSA, JTOTIOJHUTEIFHO BKIFOYAIOIINI ONpPECICHHE IIOTHOCTH (pOpMAMH U3 CHPABOYHOH

TalbJTMIBI HA OCHOBE KO3()/()HITHEHTOB, KOTOPHIE JIyHIIE BCETO TIOAXOAT NI H3MEPEHHA Py H Oy 1.

[0111] Bapuant ocymectsieHns 18: cnoco® cormacHo mo60My MPEIImICCTBYIOMIECMY BAPHAHTY
OCYIIECTBJICHUA, B KOTOPOM BTOPAsI MATEMAaTHUCCKAsA 3aBHCHMOCTH HMECT (DOpPMY MOIHHOMHATIBHOM

3ABHCHMOCTH TPETBEIO TOPATKA:  Ppopmanus = & + D psy+ ¢ puy+d - pig+e - pig + f - psll-

Pun+ G pig Pt peyc Pis + i PRA Pans TAC Ppopmanus TPCACTABIIET COOOH IIOTHOCTH
(opmanmu, a a, b, ¢, d, e, f, g h, i uj npeacrasmor co00# K03(PPUIHCHTHI KAKIOH MOTHHOMHAIBHOM

3aBHCHMOCTH TPECTHETO MOPAIKA.

[0112] BapuanT ocymectBieHusa 19: cmoco0 B COOTBETCTBHH C JHOOBIM IPEALICCTBYIOIIIM
BapUAHTOM OCYINECTBICHHSA, JOIOJHHTCIHHO BKIFOYAIOINMI BBIOJHCHHE HANPaBJICHHEC OypeHHA HA

OCHOBE OIPEEICHHOI IIIOTHOCTH (POpMAIIHHL.

[0113] Bapuant ocymectBienust 20: cmoco0 B COOTBETCTBHH C JFOOBIM IPEAIICCTBYHOLINM
BAPHAHTOM OCYINCCTBJICHHS, B KOTOPOM IUIOTHOCTh (DOPMAIMH PACCUUTHIBAIOT CKBAKHHHBIM
HHCTPYMEHTOM, METOJ, IOTOJHHTEILHO BKIFOYAOMHE BBINOJTHEHHE OYPOBOi ONEpaLHH, PHYEM Pg

U P TIONYYArOT BO BPEMS YKa3aHHOM OypoBOii onepamum.

[0114] Ucnonp3oBanne (GopM CSIWHCTBEHHOTO M MHOKCCTBCHHOTO YHCJIA M AQHAJOTHYHBIX
OTCBIIOK B KOHTEKCTE ONHCAHMA HACTOAIIETO H300peTEHHA (OCOOEHHO B KOHTEKCTE NPEACTABICHHON
HIDKe (POpMyIBI M300pETCHHS) CIEAYET IMOHHMATh KAK OXBATBHIBAOINEE KAK CIMHCTBCHHOC, TaK H
MHOJKECTBCHHOE YHCIIO, €CIIH B HACTOAINCM JOKYMCHTC HE YKA3aHO HHOC HIH C€CIHM 3TO SBHO HE
MPOTHBOPEYHUT KOHTEKCTY. Kpome TOro, CaeyeT Takke OTMETUTD, YTO TEPMUHBI IIEPBBIDY, BTOPOM»
H T. I B HACTOAMIEM JOKYMEHTE HE O3HAYAOT KAKOH-THOO MOPAMOK, KOJMHMYECTBO WM BAYKHOCTD, A
HCTIOB30BaHbl UL PA3IHYCHUS OJHOIO 3JIEMEHTa OT Apyroro. ONpeneneHus «OKOJO» H/HIU «II0
CYHIECCTBY», HCIOJB3YEMBbIC B CBA3H C KAKAM-THOO KOJMYECTBOM WM CBOWCTBOM, BKIFOYAIOT
YKA3aHHYH0 BEIHYHMHY M HMCHOT 3HAYCHHE, ONMPEACIACMOE KOHTCKCTOM (HAMPHMED, BKIIFOYAKOT CTCIICHb

OMMOKH, CBA3AHHON C H3MCPCHUCM OTPSACTICHHOTO KOJIMYICCTBA HITH CBOICTBA).

[0115] Wnen, nmpeACTaBICHHBIC B HACTOALIECM PACKPBITHH, MOYKHO HCIIOIB30BATh B MHOKECTBE
PA3HOOOPA3HBIX CKBAKHHHBIX ONCPALMil. ITH ONECPALHH MOTYT BKIFOYATH HCIOJIb30BAHHE OJHOTO HIIH
Oonee cpeacTs o0paboTkH Mia 00padOTKH MacTa, ()IFOWIOB, MOCTOSHHO HAXOMAIIUXCA B ILIACTE,
CTBONA CKBAKMHBI W/HIH OOOPYIOBAHHA B CTBOJIC CKBA)KHHBL, TAKOTO KAK 3JKCILTYATAHOHHBIC
HACOCHO-KOMIIPECCOpHBIC TPyObL. CpeactBa oOpabOTKM MOTYT HAXOOHUTHCA B (DOpPME IKHIKOCTCH,
Ta30B, TBCPABIX BCHICCTB, MOJYTBCPABIX BCIICCTB H HX CMECCH. HJ’IJ’IIOCTpaTI/IBHI)Ie cpeacTtea
00pabdoTKH BKIFOYAOT B ¢¢Os, O¢3 orpaHmucHHM, ()IFOHIBI I THAPOPA3PBIBA, KHCIIOTHI, 1Map, BOAY,

COJICBOH PAaCTBOP, AHTHKOPPOZHOHHBIC CPEICTBA, IIEMEHT, MOJU(HKATOPHI MPOHUIIAEMOCTH, OYpPOBBIC
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PacTBOPBI, AMYJIBTATOPBL, EIMYIbTaTOPhl, HHAMKATOPHL, IPOTHBOTYPOYJICHTHBIC NPHCATKH H T. II.
WnmocrpaTHBHBIE CKBa)KHHHBIC PabOTHI BKIFOYAIOT, O€3 OTPAHMYCHHH, THAPABIMYCCKHH pa3phIB
I1aCTa, MHTCHCH()MKANIWIO, BBEICHHUC HHIWKATOPOB, OYHCTKY, KHCIOTHYIO OOpaOOTKy, HATHETAHHE

napa, 3aBOAHCHHUC, HIEMCHTHPOBAHUE U T. II.

[0116] XOT4 B HACTOAILUEM ONMUCAHHH NPHUBCACHBI CCHUIKM HA MPUMEDP OCYILICCTBICHUA HIIH
MPUMEPBI OCYIIECCTBJICHUA, CICLUHUATHCTAM B JAHHOH o0imacTH OyJEeT MOHATHO, YTO JOMYCKAECTCA
BHCCCHHC PA3JIMIHBIX H3MCHCHHI H 3aMCHA OTACIBHBIX DJJICMCHTOB HA JSKBHBAJICHTHBIC oe3
OTCTYIUICHHS OT OOBEMa HACTOAMICTO OmucaHusA. KpoMe TOro, JomyckaeTcs BHECCHHE MHOYKECTBA
MOI[I/I(I)I/IK&I.[I/II\/'I AT aganTanui CYIMHOCTH HACTOAIICTO ONHMCAHHUA K KOHKpCTHOI\;I CUTyalluu HIIH
MaTepuany 0e3 OTCTYIUICHHA OT €r0 CYHICCTBCHHOTO 00beMa. TakuM 00pa3oM, MPEANoIaracrcs, 4ro
HACTOSIIIEE ONHCAHHE HE OTPAHHYMBACTCH KOHKPETHBIM BAPHAHTOM OCYINECTBICHHSA, PACKPHITHIM KAk
HAWIYYIOHH BAPHAHT PEaTH3alMK, IPeIy CMOTPEHHBIH U1 OCY IECTBICHHS HACTOSAIIETO OIMCAHUA, HO
NPEIoIaraeICsa, 4TO HACTOSIIEC ONMCAHWE BKIIOYACT B Ce0sl BCE BAPHAHTHI OCYIICCTBICHHA,
BxojiIue B 00beM (opMysl H300peTeHus. Kpome TOro, B rpaguueckux MaTepuanax H OIHCAHHH
PACKpPBITHI IIPUMEPHI OCYINECTBICHUSA HACTOSINETO PACKPBHITHA, M, XOTS MOIJIH OBITH HCIOJIB30BAHBI
KOHKPETHBIC TEPMHUHBI, €CITH HE YKA3aHO HHOE, OHH HCIOJb3YIOTCA TOJHKO B OOLIEM H OIHCATEIHLHOM
CMBICTIC, & HE B LIEJIIX OTPAaHHYCHHS, H, TAKHM 00pa3oM, HX IPHMEHEHUE HE PHBOJHUT K OTPAHHYCHHIO

00beMa HACTOAIIETO PACKPITHSL
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Dopmyia H300PCTCHIUS:

1. Cnocob onpeaeneHus NIOTHOCTH CKBAKUHHON (DOPMAIHH, BKIFOYAFOTIHA:

TOJTYYEHHE MEPBBIX JAHHBIX O TJIOTHOCTH (Pg;) C HCIOJb30BAHHEM ONHIKHETO NETEKTOPA,
BBINOJHEHHOTO C BO3MOKHOCTBIO OOHApY’KCHHSA OTPAXKCHUH CHIHANA, NMEPESJAHHOTO B
CKBOKHHHYEO (DOPMAIHIO;

MOJIyYCHUE BTOPBIX JAHHBIX O TUIOTHOCTH (pp;) C UCHOJB30BAHHEM MANTBHETO JETEKTOPA,
BBINOJHEHHOTO C BO3MOYKHOCTBIO OOHAPYIKCHHUS OTPAKCHUH NEPEJIaBACMOTr0 CHTHANA M3
CKBOKHHHOH (popMaIMy, NPH 3TOM MJAJbHUH JETEKTOpP PACHOJOKeH Ha OoJbIIeM
PACCTOSIHUH OT HCTOYHHKA, YeM OJIDKHUI JCTEKTOP; U

OTpPEIENEHHE TOTO, TIOMALACT JIH H3MEPEHHAA TOYKA JAHHBIX HA OCHOBE Pp; U Py, B 00MACTh
eauHCTBA rpaduka «spine-and-riby;

€CIIH H3MEPEHHAs TOYKA JAHHBIX IONAJaeT B O0JACTh €OWHCTBA, IUIOTHOCTH (hOpMamuu
ONPEACIIOT OCPEACTBOM NMEPBOH MATEMAaTHYCCKOM 3aBHCUMOCTH, H

€CIIH M3MEPEHHAsA TOYKA JAHHBIX HE IONAJaeT B 00JACTh €JHHCTBA, IUIOTHOCTH (hOpMALMH
OTIPEIEIIIEOT IOCPEACTBOM BTOPOH MATEMATHYECCKOH 3aBUCUMOCTH, OTJIHYHOM OT MEpBOH

MaTEeMaTHYCCKOH 3aBHCHMOCTH.

2. Crnoco6 mo m. 1, JONMOJTHUTENIPHO BKIIOYAOINMH BBINOJHEHHE HAIPABICHHOIO OYpEHHSA Ha

OCHOBE OIPEJEICHHOI IIIOTHOCTH (popMAaIHy.

3. Cnoco6 mo m.2, B KOTOPOM IUIOTHOCTh (POpPMAIUH PACCUMTHIBAIOT CKBAKHHHBIM
HHCTPYMEHTOM, CIIOCO0, JOIOIHUTEILHO BKIFOYAFOIIIH:
BBIMOJHEHHE OyPOBOii ONMEpalyy, IPHIEM Pg; H Oy TIOJYyYArOT BO BPEMA YKa3aHHOH OypoBOi

OTICPALHH.

4. Croco6 1o 1. 1, JOIOJHUTEIBHO BKIFOYAFOLIUI

BBHIMHCICHHE JTHHUH, MOKA3BIBAIOMICH BIMAHHE TTHHHCTOH KOPKH, HA OCHOBE Pgj H Py H
MOCTPOCHHUE BBIMUCJICHHOW JHHHH, IOKA3BIBAIOIICH BIMSHUE TJIMHHUCTOM KOPKH, Ha
rpaduke «spine-and-riby;

ONPCACICHUE TEPECCUCHUS BBMMHUCICHHONW JMHHM, MOKA3bIBAIOIICH BIUSHHEC TJIMHHCTON
KOPKH, ¥ THHUH O3 BIMSIHUS TIMHACTOW KOPKH, HA rpaduke «spine-and-rib», mpu 3ToM
TWHHESA, 6€3 BIMAHMA TTHHACTOH KOPKH MPEACTABIAET COOOH THHHIO MIOTHOCTH, TAE Pgy
= Pnns

OTIPEeNCHAE TUIOTHOCTH (DOPMAIMH Ha OCHOBE NEPECEUCHHST, U

BBIMOJTHCHHUE HAMMPABJICHHOTO OYPEHHSI HA OCHOBE OMPEACICHHOM MIOTHOCTH (DOPMALIHH.
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5. Cnocod mo m 1, B KOTOpOM TIepBas MaTEMATHYCCKAas 3aBHCHMOCTb HMEET (opMy
TIOJTMHOMHUATIBHON 3aBUCHMOCTH BTOPOTO TOPSIKA!
Pag = a*Ppg* Py +b*pgytc
r7e a, b u ¢ mpeAcTaBIOT co00H KO3(D(HIUCHTH KAKIOH IMOMHOMHAIBHON 3aBHCHMOCTH

BTOPOTO MOPSAAKA.

6. Crnocob mo m. 5, JOMOJHHUTEIbHO BKIIOYAIONIMH OIpEACICHHE IUIOTHOCTH (pOpMAlMU H3

CIIPaBOYHOM TAOJIHIBI HA OCHOBE KO3(D(PUIMCHTOB, KOTOPHIC JIYUIIC BCErO MOAXOIAT A H3MCPCHHA

Pep M Pnj-

7. Cnoco6 1o 1. 1, JONMOMHUTENBHO BKIIOYAIOMIMH MEepesavy PacuyeTHOH IUIOTHOCTH (opManuu

Ha IMOBEPXHOCTD.

8. Cnoco6 mo m 1, B KOTOPOM BTOpas MAaTEMAaTH4CCKas 3aBHCHMOCTh HMECT (hopMy

NOJTHHOMHAJIBHOHN 3aBUCHMOCTH TPETHEr0 MOPSAAKA!
Poopwanus = @+ b s+ ¢ ppp+d-pigtepin+fopsypant g pinthepiy
+ipgppia+i P P
TA€ Pyopmamus TPEACTABIET COOOH MIOTHOCTh (hopmaumu, u a, b, ¢, d, e, f, g h, i 1 j
NPEICTaBILIIOT COO0H KO3(D(MHIMEHTHI KAXKI0H MOJTHHOMHATBHOH 3aBUCHMOCTH TPETHETO

HOPSIAKA.

9. Croco6 1o 1. 1, JOIOJHUTEIBHO BKIFOYAFOLIUII

VYCTAHOBJICHHE HAYAIbHON HH()OPMAIMH MOJCTH HHCTPYMCHTA W W3BECTHOH HH(OPMAIMH O
TUIOTHOCTH,

TCHEPHPOBAHUE HAOOpA OTBETOB Pp; H Py H3BECTHBIX JAHHBIX A1  (DOPMHPOBAHHS
OCHOBHBIX JIHHHH, TOKA3BIBAIOIMUX SP(PEKT ITHHHUCTONH KOPKH,

TCHEPUPOBAHNE HAOOpa BTOPHIX MATEMATHYCCKUX 3aBHCHMOCTCH HA OCHOBE OCHOBHBIX
JUHUH, TOKA3bIBAROIHX 3(P(EKT IITHHACTOH KOPKH;, U

CO3JAaHHME CIPABOYHOH TAONWIBI HA OCHOBE OCHOBHBIX JIHHHH, MOKa3bIBAOIHX 3(dekT

TJIMHACTOH KOPKH, H OTpPE/IeICHHUE 00IACTH CUMHCTBA HA OCHOBE CIIPABOYHOHN TaOTHIIBL

10. Croco0 1o 1. 9, TONMOTHUTEIIHHO BKIIFOYAFOIIIHIA:
MO0 MCHBIICH MCPE OJHY WHTCPIIOTHPOBAHHYIO WIIH SKCTPATIOTHPOBAHHYIO JOMOTHHUTCIHHEIC
JIHHHH, ITOKA3BIBAOIITHC 3(1)(1)6KT TJIMHACTOM KOPKH, OT OCHOBHBIX J'II/IHI/If/i, TIOKA3BIBAKOIIHX
3(({CKT TIHHACTOH KOPKH, H
CO3aHHC CNPABOYHOHN TAOIHIBI, HMCIONICH KAK JAHHBIC OCHOBHBIX JIMHHH, TMOKA3BIBAFOIIINX
3(QQPEKT TIHHUCTONH KOPKH, TaK M HHTCPIIOJHPOBAHHBIC HIH 3KCTPANOIHPOBAHHBIC

JIOTIOTTHATEIIbHBIC JIMHAUH, NOKA3bIBaronHe 3(PQEKT IITHHACTONH KOPKH.
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11.

JAHHBIX.

12.

Crnocob mo m. 1, B KOTOpOM 00JaCTh €JMHCTBA ONPEJCIIIIOT Ha OCHOBE CMOJCIHPOBAHHBIX

Crnoco6 mo m. 11, B KOTOPOM CMOJCTHPOBAHHBIC JAHHBIC MOJYYAKT C HCIOJIb30BAHHEM

MOJACIUPOBaHusA O MeToay MounTe-Kapio.

13.

14.

15.

Cnocob onpeaeneHus NIOTHOCTH CKBAKUHHON (hOpPMAIMH, BKITFOYAFOIIHHA:

TCHCPUPOBAHUEC MOAHHBIX CKBAXXHHHOTO HMHCTPYMCHTA, HCHOJB3YCMOI0 I H3MCPCHHA
IUIOTHOCTH CKBAKHHHOH (h)OpMALIUH;

TCHEPUPOBAHHE HEOOXOAMMBIX JAHHBIX, COACPKAINMX HHQPOPMALMIO O 3HAYCHUAX
OTKJIOHCHHSA, YACIbHOM Bece OypoBOrO pacTBopa W JHANA30HE INOTCHIMAIBHBIX
IUIOTHOCTEH (popMmaluy;

HCIIOTIb30BAHUE JAHHBIX HHCTPYMCHTA H HEOOXOAWMBIX IJAHHBIX, IEHEPHpOBaHHE Habopa
OTBETOB OJIM)KHETO U JANBHETO ICTCKTOPOB;

TCHEPHPOBaHHE HAOOPAa OCHOBHBIX TOYEK, ITOKA3BIBAIOMMX J(P(PEKT ITHHHCTOH KOpKH,
rpaduka «spine-and-rib» Ha OCHOBE HAOOPa OTBETOB,

NOJIyYeHHE HA0Opa IMEPBBIX MATEMATHUYECKUX 3aBHCHMOCTEH Ha OCHOBE OCHOBHBIX TOUCK,
MOKA3BIBAIOIUX S(PPEKT IITHHUCTOH KOPKH;

ompeneNicHue 00IacTH exuHCTBAa rpaduka «spine-and-rib» Ha OCHOBE OCHOBHBIX TOYCK,
NOKA3bIBAIOIUX 3(P(PEKT ITHHUCTOH KOPKH; H

TCHCPUPOBAHHEC CIPABOYHONH TAaOMHMIBI HA OCHOBS HAOOpPAa MCPBBIX MATCMATHUCCKUX

3aBHCHMOCTCH.

Croco6 1o 1. 13, JOMOJHUTEIBLHO BKIIFOUAFOIIHIA

H3MEPEHUE TIOTHOCTH (JOPMALHH TIEPBBIM JATYHKOM Pp; H MIIOTHOCTH (POPMAIMH BTOPBIM
JATYHKOM P, C HCTIOTb30BAHHEM ONMKHETO M JATBHETO IETEKTOPA COOTBETCTBEHHO;

OTPEIENEHHE TUIOTHOCTH (POPMAMH M3 H3MEPEHHOH MEPBOH MIOTHOCTH (DOPMALMM Ppj H
M3MEPEHHOH BTOPOH MIOTHOCTH (POPMALHH P, HA OCHOBAHHH MO MEHBIIEH MEpe OTHOM
u3 amarpamMMm «spine-and-rib» W crmpaBoyHOH TaOMHMIBI, KOTJa H3MEPEHHAs MNepBas
TIOTHOCTE (DOPMAIHH Pp; B H3MEPEHHAS BTOPAs MIOTHOCTH (DOPMAIMHM Oy MOMATAET B

001aCTh €IUHCTBA.

Cmoco0 o 1. 14, TOTOTHUTSTIFHO COACPKATITHIA

ONPENENEHHE TOTO, HE TOMANACT JTH M3MEPEHHAS MNEPBas MIIOTHOCTE (OPMAUWM pp; H
M3MEPEHHAA BTOPas INIOTHOCTD (POPMALMH 01 B 0OIACTh €TMHCTBA; H

OTpEACNCHAUE IUIOTHOCTH (popMammm W3 BTOPOH MATEMATHYECKOH 3aBHCHMOCTH C
UCTIONTb30BAHAEM H3MEPEHHOH TIEPBOi MIIOTHOCTH (POPMALMH P, B H3MEPEHHOH BTOPOH
TIOTHOCTH (POPMALMH P15, IPHYEM BTOPAs MATEMATHYECKAS 3aBHCHMOCTD OTIHYACTCH

OT NEPBOI MATEMATHYECKOH B3AHMOCBA3H.
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16. Cnocod mo m. 15, B KOTOpOM mEpBas MareMaTHYECKas 3aBHCHMOCTh HMeEET (opMmy
TIOJTMHOMHUATIBHON 3aBUCHMOCTH BTOPOTO TOPSIKA!
Pag = a*Ppg* Py +b*pgytc
rae a, b u ¢ mpeacTaBIIOT co00H KOI(D(HIUCHTHI KOKIOH MOJIHHOMHAIBHON 3aBHCHMOCTH

BTOPOTO MOPSAAKA.

17. Cnoco6 mo m. 16, HOMONHHUTENPHO BKIFOYAFOINHMH OIpEJE/ICHHE IUIOTHOCTH (hopManuu u3

CIIPaBOYHOM TAOJIHIBI HA OCHOBE KO3(D(PUIMCHTOB, KOTOPHIC JIYUIIC BCErO MOAXOIAT A H3MCPCHHA

Pep M Pnj-

18. Cnocobd mo m. 15, B KOTOpOM BTOpas MaTeMaTHYeCKas 3aBUCHMOCTb HMeEeT (opMy
HOJIMHOMHATGHOM 3aBUCHMOCTH TPETHETO MOPSIIKA:
ppOpMatua = a+b - pgy+c pun+d-piptepig+fopsppall+ g pig +h
Pint i Pep Piat T PEn Pan
A€ Pyopmamus TPEACTABIET COOOH MIOTHOCTh (hopmaumu, u a, b, ¢, d, e, f, g h, i 1 j
MPEACTABIIFOT COO0H KOA(PPHUIIMECHTHI KAXKIOH MOTHHOMHAIBHOW 3aBHCUMOCTH TPETHETO

MOPSLAKA.

19. Cnoco06 1o m. 14, JOMOJHUTEIPHO BKIIOYAOLIMI BBHIOJHEHHE HAIPABICHHOIO OYypeHHS Ha

OCHOBE OIPEJEICHHOI INIOTHOCTH (popMAaIHy.

20. Cnoco6 mo m. 13, B KOTOpPOM IUIOTHOCTE (DOPMALMH PACCUHTHIBAIOT CKBAKHHHBIM
HHCTPYMEHTOM, CIIOCO0, JOTOIHUTEIbHO BKIFOYAFOIIIH:
BBINOJTHEHHE OyPOBOii ONMEpaIMH, TIPHIEM Pg; H Oy TIOJyYArOT BO BPEMA YKa3aHHOH OypoBOi

OTICPALIHH.
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D NOCACAYIOINMUE NOKYMEHTRI YKa3aHbl B IPOAODKEHUH

* OcoGbie KATErOPUH CCHUIOMHBIX IOKYMEHTOB:

Jara nposeieHns natenTHoro noucka: 13/09/2022

<&y - JOKYMEHT, ABIAIOMUICA NATCHTOM-aHANROIOM

«T» - Gonee NO3AHNA ROKYMEHT, OMyGAHKOBAHHDIH N0C/E AaTh IPHOPHTETA i
«A» - JOKYMEHT, onpeaenaomui ooumit YPOBCHb TEXHHUKH NIPUBEACHHBIR 19 NOHUMaH!A u3obpeTeHus
«D» - NOKYMEHT, NIPHUBEACHHBII B eBpa3niiCKOl 3asBKe

«E» - Gonee paHHuit IOKyMEHT, HO ONyG/IMKOBAHHEI HA AATY NOAAYH
€Bpa3HiCKOIt 3a4BKH UAK NOCJIE Hee cTH
«O» - IOKYMEHT, OTHOCAIMIACS K YCTHOMY PacKphITHIO, IKCIIOHUPO-
BAHHIO M T.J1.

«X» - IOKYMEHT, UMEIOILni HanGoee GIU3KOe OTHOLIEHKE K NIPEAMETY NOHCKa,
nopovaumi HOBU3HY MM H3006PETATENBCKUIA YPOBEHB, B3ATHIH B OTAENEHO-

«Y» - IOKyMEHT, uMeromuii HanGosnee GIM3KOE OTHOWEHHUE K MPEAMETY NIOMCKa,
nopouatiui n306peTaTenbeKuil ypoBeHb B COMETAHHM C APYTHMH NOKYMEH-
"P" - noKyMeHT, ony6nHkoBaHHbI# 10 AaThl NOAA4H eBpasuiickoil 3a- TaMH TOM Xe KaTeropuu

ABKH, HO 1OCJIE AaThl MCNIPALIMBAEMOr0 MPHOpUTETa"

YH0JHOMOYEHHOE JTALIO:
HayaneHuk oT1ena MexaHUky,
GU3MKK M INCKTPOTEXHUKH

J.®. Kpeinos
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