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MUHOBPHAYKI

POCCHUMA

®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
«Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)
Kocranatickuit punnan
Kadenpa ¢punonornn

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»
10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcus mokymenra -1

crp. 3 u3 42

Ilepsslii sx3eMILLAp

KOITA Ne

1. HACIIOPT ®OHJA OHEHOYHBIX CPEJACTB

Hanpasnenue noarorosku: 45.03.02JIuHreuctrika
Hampasnennocts (nmpoduis): [lepeBoa u nepeBoioBeicHHE.
Hucuunnuna: HaydHO-TeXHUYECKH IEPEBO.
Cemectp (cemecTpbl) U3ydeHus: 8 cemecTp.

®opma ((hopMbl) TPOMEKYTOUHON aTTECTALINU: IK3AMEH.

OneHuBaHue pe3yIbTaTOB Y4eOHOU NesATeNbHOCTH OOyJaromMXcsl NMPU HU3YYEHUU JUCLUILIMHBI
OCYILECTBIISICTCS 10 OANIbHO-PEUTUHIOBOM CUCTEME.

N3yuenne mucummimapl «HaydHO-TEeXHUYECKU MEPEeBOI» HaAIpaBieHO Ha (POpMUpPOBAHUE

2. KOMIIETEHIIVM, 3AKPEILTEHHBIE 3A TUCIHATIIMHOM

CHEAYIONIMX KOMIETEHIINM:

Kongr Conepxanue WNuaukatop Ilepeyens muaHUpyeMbIX YpoBeHb
KOMITETEHIIMU KOMITETEHIMH COZIepIKaHUS Pe3yNIBTaTOB 00yUYEHUS 110
(o ®I'oC) cornmacuo ®I'OC KOMITETEHIIUN U €TO JHUCITUIIIINHE
coJlepKaHue
1 2 3 4 5
YK-1 Cnocoben YK-1.1Bsmonnser YK-1.1.3-13naer IToporoBsrit
OCYILECTBIIATh IIOUCK, | TIOUCK HH(OPMAIMH C | BOSMOXKHBIE ~ HMCTOYHHMKH

KPUTUYECKUN aHaIu3
u CHHTE3
undopmanuu,
HIPUMEHSTh
CUCTEMHBI  MOAXOX
TSt peLeHus
MIOCTABJICHHBIX 337124

HCIIOJIb30BAHUCM

CUCTCMHOI'O0 Imoaxoaa
JJIA penicHusd
IMOCTAaBJICHHBIX 3aJa4.

noynydeHus: uHpopmaumy,
MeTOoAbl ToHcka, cbopa
nuHpopmanuu u3
Pa3IMYHBIX HCTOYHHKOB,
KaTerOpud  CHCTEMHOTO
aHanm3a.

YK-1.1.Y-1¥meer
OCYIIIECTBIISTh
unpopmanum,
HEOOXOIUMOM
pelieHus
3a/a4y,
pa3nudHbIC
METOJOJIOTHIO
CHCTEMHOTO M0X0/1a;
KPUTHYECKH  OIICHUBATh
HaJ&KHOCTh MCTOYHHUKOB
uHpOpManuy;, paboTaTh C
MIPOTUBOPEUNBON
nHpOpManmei 3
Pa3IUIHBIX HCTOYHHKOB.

ITOHCK

TSt
MOCTaBJICHHOM

UCTIONB3YS
HCTOYHHKU;

YK-1.1.B-1Bnazeer

MeTOo/laMHt TIOHWCKa, cOopa
HHPOpMAaLIH u3
Pa3iUYHBIX HMCTOYHUKOB,

B TOM qrcie c
MPUMEHEHNEM
COBPEMEHHBIX
nH(pOpMAaOHHBIX n
KOMM YHHKAIIMOHHBIX
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MUHOBPHAYKU POCCUUN
®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
@” «Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)
Kocranatickuit punnan
Kadenpa ¢punonornn

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»
10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcust nokymenra -1 crp. 4 u3 42 IlepBslii sK3eMILISIP KOIMMA Ne
TEXHOJIOTHI;  HaBBIKAMH
KCIIOJIb30BaAHUSA
CHUCTCMHOI'0O IIoaxona i
peleHusl MOCTaBJIEHHBIX
3aJ1a4.
YK-1.1.3-2 3naer | [IponBUHYTHIH

0COOEHHOCTH PaboTHI ¢
KHUTOH,  MOHOrpaduei,
pedepaTUBHBIMH
cOOpHUKaMH,
OIOJIIETEHSIMU,
MPOCTIEKTaMH,
MEPHOINYECKON TIeHaThio,
ayTHOBH3YaJbHBIMH u
AIIEKTPOHHBIMH
HCTOYHHKAMH
HHpOpPMALMH B LENAX
MOJIY4eHUsT HEeO0O0X OJJUMOM
nHbopmanuu JUIs
pEIIeHNsT  TTOCTABJIEHHBIX
3a/la4 C MCIIOJIb30BaHUEM
CHCTEMHOT'0 ITOAXO0/a.

YK-1.1.Y-2 VYmeer
MPUMEHSTh METOIBI
paboTsr c KHUTOH,
MoHorpadueit,
pedepaTuBHBIMU
cOOpHUKaMH,
OIOJIETEHSIMH,
MPOCIEKTaMHU,
NEPUOANYECKON I€YaThIo,
ayJIMOBU3YaJIbHBIMU u
JJIEKTPOHHBIMH
HMCTOYHMKAMHU
undopmanmu B LeENAX
MOTYYEeHUSI HEOOXOTUMOMN
uHdopmanuu I
pELICHUs] TOCTABJICHHBIX
3aa4 C HCIOJIb30BAHUEM
CHCTEMHOIO ITOAX0MA.

YK-1.1.B-2 Bnaneer
MeToJaMHu METOJIBI
paboTst c KHHTOH,
MOHoOTpaduei,
pedepaTHBHEIMEI
cOOpHUKaMM,
OIOJIIICTCHSIMH,
MIPOCTIEKTAMH,
NEPUOANYECKON TEYaThIO,
ayIMOBU3YalIbHBIMHU u
SIEKTPOHHBIMHU
HMCTOYHUKAMHU
HHPOpPMALIMK B IEIAX
MOTYYCHUST HEOOXOTUMOMN
HHPOpMAITIH TS
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MUHOBPHAYKU POCCUUN

®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
@” «Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)

Kocranatickuit punnan

Kadenpa ¢punonornn

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»
10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcus mokymenra -1 cTp. S u3 42 Ilepsslii sx3eMILLAp KOITA Ne

peuieHrusA  MOCTAaBJICHHBIX
3aga4 C HCIIOJIb30BAHUCM
CHUCTCMHOI'O ImoaxoJaa.

YK-1.1.3-3 3naer | Breicokuit
PUEMBI U METOIBI
Toucka, otbopa, cbopa u
o0pabotkn uHDOpMALUH;

aKTyaJibHbIe
OTEYECTBEHHBIE u
3apyOCKHBIC UCTOYHUKHU
it pelieHus
MOCTaBJIEHHBIX 3a1ay;
METOIOIOT U0

CHCTEMHOTI'O IMOIX0/1a.
YK-1.1.¥-3 Ymeer

IPUMEHATE NPUEMBI U
METOMBI TOKCKa, 0TOOpa,
cobopa u  oOpaboTku

uHpopmanum;
MIOJIy4YEHHOM n3
aKTyaJIbHbIX
OTEYECTBEHHBIX u

3apy0eKHBIX MCTOYHUKOB,;
CHCTEMHBI TIOOXOX VIS
pEIIeHUS] MOCTaBJIEHHBIX
3a]a4.

YK-1.1.B-3 Bnageer
nmpuéMaMM M METOAAMMU
noucka, orbopa, coopa u
obpabotku uHpopmamy,

MIOJTy4EHHOMI u3
aKTyaJIbHbIX
OTEUECTBEHHBIX u

3apy0eKHBIX MCTOYHUKOB,;
METOAUKON  CHCTEMHOI'O
MOoAXOoAa Ui pelIeHHs
MIOCTABJICHHBIX 3a/1a4.

nK-1 CrnocobHOCTB nK-1.1 IIK-1.1.3-13Haet [Toporosrit
OCYIIECTBIIATh OcymecTBisieT CIOCOOBI ONITUMH3AIIAN
MICHbMEHHBII NOMCK, AaHalu3 U | IMepeBOTYECKOro
nepeBos ¢ | KmaccuduKanuo nporiecca; 3JIeKTPOHHBIE
coOMoaeHreM HOPM | MH(OPMALIOHHBIX CIIOBapH, MalllMHHbIC
JIEKCHYECKON HCTOYHHKOB B | MEPEBONUHKH;
9KBHBAJIEHTHOCTH COOTBETCTBHHU C | mapaienbHbIe TEKCTHI;
rpaMMaTHYECKHX, NePeBOUECKUM TJIOCCapHH;
CHHTaKCHYECKHX M | 3a/IaHHEM. MH(POPMALMOHHBIE
CTHUITMCTHYECKHIX TEXHOJIOTMH B paboTe
HOPM. NepEeBOIYHKA

MK-1.1.¥Y-1Ymeer nckathb
1 MCIIOJIb30BaTh
CIEIHATIBHYIO
HHPOPMALIHIO B
CIpaBOYHOM JIUTEpAType U
WHTEPHET-UCTOUYHIKAX
JUTSL TIOATOTOBKH K
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MUHOBPHAYKU POCCUUN
®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
@” «Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)
Kocranatickuit punnan
Kadenpa ¢punonornn

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»
10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcus mokymenra -1

crp. 6 u3 42

Ilepsslii sx3eMILLAp

KOITA Ne

BBITIOJIHCHHUIO TIEPEBOJIA

IIK-1.1.B-1Bnaxeer
HaBBIKAMH PaOOTHI C
ITOMCKOBBIMH CHCTEMaMH,
KOpITyCaMH TEKCTOB,
MallUHHBIMHU
MEPEBOTIUKAMH,
3JIEKTPOHHBIMHU
CJIOBapsIMU

MK-1.1.3-23Haer
HEOOXOTUMYIO JIJISt
npodecCHOHATBHOM
JIeITETLHOCTH
MepeBOIUHKA
CIIPaBOYHYIO,
CIICIHATTBHYIO TUTEPATypy
N MTHTCPHCT-UCTOYHHUKU

IK-1.1.Y-2YmMeerHaiiTu
HEOOXOTUMYIO
uHpopmanuro B
CIIPABOYHOMH,
CIELMAJIBHOM JIuTEpaType
Y KOMIIBIOTEPHBIX CETSIX

IIK-1.1.B-2Bnaneer
HaBbIKAMU
OCYIIIECTBIICHUS TTOUCKA
uHpopmanuu B
CIIPAaBOYHOM,
CIELMAJILHOM JIUTEpaType
Y KOMIIBIOTEPHBIX CETAX;
METOJUKOH MOJTOTOBKH K
BBIIIOJIHEHHIO TIEPEBOJA

IIponBuHYTHIH

IK-1.1.3-33naer
HOJIO)KUTENBHbIE 1
OTpHLATENIEHBIE CTOPOHBI
UCIIOJIB30BaHUS
UHPOPMAaIIMOHHO-
TIOMCKOBBIX CHCTEM,
METOIMKH IOATOTOBKHU K
BBITIOJTHEHHIO ITepEBOJIa

K-1.1.Y-
3¥YMeeraHanu3upoBath
KOMMYHHKATHBHBIH aKT
nepeBojia ¢ MO3ULMit
BEIYIINX
(hYHKIIMOHATTHHBIX
XapaKTePHCTUK TEKCTa U
ONPENETISATh CTPATETHIO
nepeBoja, MPUMEHSTh
TONTyYCHHBIS
TEOpeTHYECKUE 3HAHUS Ha
NIPaKTHKE B XOJIE PEIICHUS
MPaKTUYECKUX
NepEeBOAYECKHX 33124

I1K-1.1.B-3Bimazgeer

Bricoknit
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MHWHOBPHAYKHM POCCUU
DenepalibHOE TOCYIaPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE YIPEKICHHE BBICIIIETO 00pa30BaHUS

Kadenpa ¢punonornn

«Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)
Kocranatickuit punnan

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»

10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme

OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcus mokymenra -1

crp. 7 u3 42

Ilepsslii sx3eMILLAp

KOITA Ne

HABBIKOM MTOCTPOCHUS
MepeBOUECKON

CTpATEeTHH B 3aBUCHMOCTH
OT  KOMMYHUKATHBHOI'O
3ajanus, GyHKIUH TEKCTa

MK-1.2TTepeBoaut c
OJHOTO  s3BIKA Ha
Jpyroi MMCbMEHHO.

IIK-1.2.3-130aer
TEOPETUYCCKHE OCHOBBI
MePEeBOUECKON
JISSITEIIBHOCTH C YIETOM
rpaMMaTHYCCKUX,
JIEKCHUECKUX,
CEMaHTHUYECKHX,
CTUITHUCTHYECKHX,
nparmawmecxnx,
KYJIbTYPHBIX
ocobennocreit M
(ucxomnoro si3pika) u SAI1.
(s13pIKa TepeBoa)

MK-1.2.Y-

1Y MeeTocymecTBISATh
MMCbMEHHBIN TMEepeBOJ C
coOIIr0IeHEM HOPM
JICKCHYECKOM
SKBUBAJIEHTHOCTH,
rpaMMaTHYECKUX,
CHHTaKCHYECKHX u
CTHJICTUYECKUX HOPM

I1K-1.2.B-1Bnaneer
HaBBIKAMHM ITHCbMEHHOI'O
nepesosia CJIOB,
CJIOBOCOYETAHUH u
MIPEIOKEHUI B
COOTBETCTBHH C
OCHOBHBIMH HOpMaMH
SI3BIKa TIEpeBOa

[Toporosbrit

IIK-1.2.3-23Haer

OCHOBHBIE
3aKOHOMEPHOCTH
MEPEBOAUECKON
JIeATENLHOCTH, TPUEMbI U
CIIOCOOBI pereHus
MPAKTHYECKUX
MEePEBOTIECKUX 3a7ad,
OCHOBHBIE TIPUHIIUTIBI
nepeBoia CBS3HOTO
TEKCTa

MK-1.2.Y-

2V MeeTIncEMEHHO
MEePEBOIUTh c

WHOCTPAaHHOTO SI3bIKa Ha
PYCCKHIl U ¢ pYCCKOro Ha
WHOCTPAaHHBIH TEKCTHl H
coo0meHus B
COOTBETCTBHM C HOPMaMH
PYCCKOr0 1 HHOCTPaHHOIO

[IponBunyTHIH
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MUHOBPHAYKU POCCUUN
®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
@” «Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)
Kocranatickuit punnan
Kadenpa ¢punonornn

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»

10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme

OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcus mokymenra -1

crp. 8 m3 42

Ilepsslii sx3eMILLAp

KOITA Ne

S3bIKa, BOCIIPUHHUMATH
MIOJIYYEHHYIO
nHpopmanmro, 6e3
CYIIIECTBEHHOH ee MoTepu
u3naratb ~ Ha  IHCbME
OCHOBHOE COJIEp)KaHUE C
HOCIEAYIOIIUM
pacimpeHreM

IIK-1.2.B-2Bnaneer
HaBBIKAMU TMUCHMEHHOTO
nepeBojia MpeUIoKeHUN B
COOTBETCTBUHU C HOpPMaMH
sI3bIKa TIEpeBOJIa

IIK-1.2.3-33naer
l'IpI/IHLH/Il'I])I IINCBMCHHOI'O
nepeBoia

IK-1.2.Y-
3YMeeTocyIecTBIsTh
MMUCbMEHHBIN MEepEBO,
MpaBUJIbHO OLCHWBATbL U
BBIOMpATh SI3BIKOBBIE
cpercTBa B IIpoliecce
mepeBoma (¢ yderom
0COOEHHOCTEH SI3BIKOBBIX
CHCTEM, S3BIKOBBIX HOPM
u ysycos WA u IIA),
UJICHTU(DHUIIUPOBATD
TEPMHHBI B TEKCTE
OpUrMHAJIa M TOAOHPATh
UM  TEpMHHOJIOTHYECKHE
SKBUBAJICHTHI;
aHAJIM3UPOBATh
pe3yspTaThl IepeBoja ¢
TOYKH 3peHus
MH()OpPMALIMOHHOI,
HOpPMAaTUBHO-S3bIKOBOM U
CTHJINCTUYECKON
aIeKBaTHOCTH

T1K-1.2.B-3Bnaneer
HaBLIKAMM ITMCbMEHHOI'O
mepeBoa € y4eroMm
HOPMATHBOB, TIPUHSATHIX B
JTAHHOMW JTHHTBOKYJIBTYPE

Bricokuii

MK-1.3loToBUT
aHHOTAINN
pedepator
HMHOCTPaHHOU
JIUTEPaTypBHl.

TIK-1.3.3-13naer oOmme
npaBuiia KOMITPECCU U
TEKCTOB

IIK-1.3.Y-
1Y mMmeerBBIIETATE
KITFOYEBYIO HH(OPMAIIHIO

T1K-1.3.B-1Bnaneer
METOIUKON
AHHOTHPOBAHUS i1
pedepupoBanus

IToporossrit

MK-1.3.3-23Haer Teoputo
OCHOB aHHOTHPOBAaHUSI U

ITponBuHYTHII
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MUHOBPHAYKU POCCUUN

®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
@” «Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)

Kocranatickuit punnan

Kadenpa ¢punonornn

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»
10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcus mokymenra -1 crp. 9 u3 42 Ilepsslii sx3eMILLAp KOITA Ne

pedepupoBanus
IK-1.3.Y-
2YMeeTHCIonb30BaTh  Ha
NpaKkTHKe  3HAaHUA |

HaBBIKA METOTUKH
AHHOTHUPOBaHHS u
pedepupoBanust
JIOKYMEHTOB

IIK-1.3.B-2Bnazeer
HaBBIKAMHM  TIOATOTOBKH,
AHHOTAIMH, COCTABJICHUS
pedepaToB

IK-1.3.3-33Haer Beicoknit
crietuduky
(yHKIMOHATBHO-
LEJIEBOTO u
YUTATCIIBCKOI'O
Ha3HA4YCHUS pa3JIMYHbIX
THUIIOB u BUJIOB
aHHOTaIWi U pedeparon
IK-1.3.Y-3¥Ymeer
pabotaTh ¢ MarepuazaMu
Pa3IMYHBIX HCTOYHHKOB,
COCTaBIISTh
AQHAJINTHYECKHE  0030pPbI
IO 33JaHHBIM  TeMaM,
HaXoIuTh, coOOUpaTh U

MIEPBUYHO 0000111aTh
(dakTuyeckuit  Marepual,
nenas 000CHOBaHHbBIE
BBIBOJIBI
IIK-1.3.B-3Bnazeer
HaBBIKAMHU nepeBojia
pas3INIHbIX THIIOB

pedepaTtoB u aHHOTaNWII C
AHIJIMHACKOTO s3bIKa Ha
PYCCKHil U ¢ pYCCKOro Ha

AHTTTHACKAN
IK-3 CrniocobHOCTB IIK-3.1Bnaneer IK-3.1.3-13raer ocHosbl | [Toporoserit
HCIIOIb30BaTh BHUIBI, | METOIUKOM MPEATEePEeBOAIECKOTO
TIPUEMBI M | IOArOTOBKH K | aHalM3a TEKCTa
TEXHOJIOTUU BBITNOIHCHUIO IIK-3.1.Y-
IepeBoia C YYETOM | TMepeBoia, 1YmMeeraHanu3upoBaTh
xapakrepa CIIOCOOCTBYFOILIEH TEeKCT,  BBIIBISIL  €TO
TIEPEBOAUMOTO TOYHOMY JIEKCHYECKHE,
TEKCTa ¥ YCIOBHH | BOCHPHUSATHIO CTUIMCTHYCCKHE u
repeBosa JUISL | MCXOJTHOrO CTPYKTYpPHBIC
JTOCTHIKECHUS BBICKA3bIBAHUSL. 0COOEHHOCTH
aJIeKBaTHOCTH u T1K-3.1.B-1Bnaneer
SKBHUBAJICHTHOCTH CHCTEMOI
repeBosa JIMHTBUCTUYCCKHX
3HAHUH, TO3BOJISIFOIINX
TIPOBOJTUTH
IpEANepeBOAUECKIN

aHaJIn3 TCKCTa
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MHWHOBPHAYKHM POCCUU
DenepalibHOE TOCYIaPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE YIPEKICHHE BBICIIIETO 00pa30BaHUS

Kadenpa ¢punonornn

«Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)
Kocranatickuit punnan

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»

10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
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IK-3.1.3-23Haer IIponBuHYTHII
METOAUKY TOJITOTOBKH K
BEITIOJTHCHHUIO ~ TIEPEBOJIA,
BKJTFOYAst TTOKCK
nHpopmanun B
CIIPaBOYHOM,
CHCIHATBHON JTUTEpaType
1 KOMITBIOTEPHBIX CETSIX.
MnK-3.1.Y-
2Y MeeTBBISABIIATh
(hyHKIIMOHATLHBIC
JIOMHMHAHTBI TEKCTA
IK-3.1.B-2Bnazeer
METOUKOU
MPEANEePEBOAUCCKOr0
aHaju3a TEKCTa,
CIOCOOCTBYFOILIEH
TOYHOMY BOCTIPHUSTHIO
HCXOHOT'0 BBICKA3BIBAHMS
ITK-3.1.3-33nHaer Boicokwii
METOJJUKY
MPEANEePEeBOAYECKOrO
aHam3a TEKCTa,
CIIOCOOCTBYIOIIYIO
TOYHOMY BOCTIPHATHIO
HCXOJIHOT'O BhICKA3bIBaHUS
K-3.1.Y-
3YMeeTBBIABIIATE
BO3MOXHBIE  TPYAHOCTH,
KOTOpBIE MOTYT
BO3HHUKHYTb npu
nepeBojie
IK-3.1.B-3Bnaxeer
HaBBIKAMH  IIOCTPOCHUS
NIEPEBOAUECKON
CTpaTeTHH B 3aBUCHUMOCTH
0T  KOMMYHUKATHBHOT'O
3amanus, GYHKIUHN TEKCTa
1IK-3.2 NK-3.2.3-13naer 3amaum | [Toporoserit
ApryMeHTHPOBaHHO mepeBola W TIOHSATHE
MPUMEHSET TPHEMBI | SKBUBAJCHTHOCTH B
IepeBoia C Yy4eTOM | MepeBoJe
xapakrepa IK-3.2.Y-
TIePEBOANMOTO 1YmMeernpuMeHsTh
TEKCTa W YCIIOBHH | OCHOBHBIE TIPUEMBI
repeBoia JUIA | mepeBojia TPH  TMEPEBOAC
JOCTHIKEHUS TEKCTOB Pa3TUIHBIX
HE00X0IUMOT0 JKaHPOB
YPOBHS T1K-3.2.B-1Bnaneer
O9KBUBAJICHTHOCTH M | OCHOBHBIMH  CIIOCOOaMH
PENIPE3CHTATUBHOCTH. IOCTUXKCHUSA
9KBHUBAJICHTHOCTH B
mepeBoJie
MK-3.2.3-23naer ITponBuHYTHII
CIIOCOOBI JIOCTIDKEHUS
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SKBHBaJICHTHOCTH B
nepeBojie

IIK-3.2.Y-

2V MeeTHCIoNb30BaTh
pasinuHbIe
MEPEBOMUECKUE  TPHEMBI
JUIs JIOCTHKEHHS
CMBICJIOBOH,
CTHIIMCTUYECKON "
parMaTHYeCKOn
aJIeKBaTHOCTH  IEPEBOa
TEKCTY-OPUT HHAITY
IIK-3.2.B-2Bnaneer
MePEBOTIECKUMH
l'IpI/IeMaMI/I U HaBbIKaMH
nepeBoia

I1K-3.2.3-33naer Beicokwuii
OCHOBHBIC TMPpUEMBI
nepesoa u
MePEBOIUCCKHIE
TpaHchopManuu
K-3.2.Y¥-
3¥YmeeTobocHOBATD
NPUHATBIE B IpOIEcce
MIepeBO/Ia PEIICHUsI
IIK-3.2.B-3Bnaxeer
HaBbIKaMH AP PEKTUBHOTO
MPUMEHEHUS
JICKCUYECKHUX,
rpaMMAaTHYECKUX,
CHHTAaKCHYECKUX
MEePEBOTIECKUX
TpaHcdopmanmii

MK-3.3 Penakrupyer | IK-3.3.3-13naer [MoporoBsrit
MIpeAIaraéMbelii TEKCT | TEOPETHUECKHE u
B COOTBETCTBUH C | METOAOJIOTHYECKHE
TpeOOBaHMSIMH 110 | OCHOBBI pETAKTHPOBAHUS
TEPMUHOJIOTHH, IK-3.3.Y-

rpaMMAaTHKe, JIEKCHKe | 1Y MeeTpenakTupoBaTh

H T. O, @ TAaKKE C | NMCbMEHHBII MEpeBol B
y4eToM LIEJICBOM | COOTBETCTBHM C HOPMAaMH
ayAUTOpUHN U | IEpEeBOISIIETO SI3bIKA
Ha3HAYEHUS T1K-3.3.B-1Bnaneer
TepeBoza. HaBBIKAMH
WCIOJb30BaHUs CIOBapen
B nporecce
penaKkTHPOBaHUS
nepeBosia

MK-3.3.3-23Haet [MponBUHYTHIH
JIEKCUYECKHE,
rpaMMaTHYECKHE,
CHHTAKCHYECKHUE u
CTUITICTHYCCKHE  HOPMBI
S3bIKa-OpUIHHAJA U SI3bIKA
nepeBoJa
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MK-3.3.Y¥-2 Ymeer
MPUMEHSTh
TEPMHUHOJIOTHIO
TpeOyeMoi TeMaTHYECKOH
obJjacTu, a TaKxe
BBISBJIATH HEIOITyCTUMBIC
TEPMHHBI B TEKCTE
neperosia
IIK-3.3.B-2 Brnaneer
HaBBIKAMU BBIYMTKH
MIEPEBEICHHOIO TEKCTa C
TEITBIO UCTIPABJICHUS
BO3MOHBIX
opdorpaduieckux,
IIYHKTYallMOHHBIX,
rpaMMaTHYCCKUX
OIINOOK, a TaKXe OIMMCOK
u HHBIX CMBICJIOBBIX
HETOYHOCTEN u
HECOOTBETCTBUM
ITK-3.3.3-33Haet Beicokwuii
METOJUKY PENAKTOPCKOU
00pabOTKH THCHEMEHHOTO
TeKcTa
MK-3.3.Y-
3YMEeTBBISABIAT
HECOOTBETCTBUS NEPEeBOAA
OpHT'HHAIY, YIHUTBIBAS
LEJICBYIO ayIUTOPHIO H
Ha3zHaYCHUE NepeBojia
IK-3.3.B-3Bnaxeer
HaBBIKAMH
caMopeaKTHPOBAHUS
MIEPEBO/IHBIX TEKCTOB

3. OLIEHOYHBIE CPEJCTBA /151 TPOBEJAEHUS TEKYIEUATTECTALIUHA

3.1 CTpyKTypa OLlEeHOYHBIX CPEACTB

Kox xomnerenmmn/

Koutponupyembie Tembl/

HaunmeHnoBaHue oLieHOYHOI O

Nerr/t CpezacTBa Il TEKYIIEeTO
[UTAHUPYEMbIE PE3YIBTaThl 00yUSHHUS paszensl KoHTpOA
VK-1.1; TIK-1.1, IK-1.2, TIK-1.3; TIK- | IIpuamumner nepeBoga HaydHo- (CtpenbiioB  A.A.  Haydso-
3.1, IIK-3.2, TIK-3.3 TEXHUYECKHUX TEKCTOB TEXHUYECKHE TEKCTEL. Or1
MOHMMaHHS K TICPEBOJLY.
ctp. 9 ymp. 1, ctp. 18 ymp. 2,
1 cTp. 23 ymp. 3, 4, ctp. 27 ymp. 5,

ctp. 35 ymp. 7, 8, ctp. 36 ynp. 9,
10, crp. 63 texcr Complex
numbers, ctp. 96 TekCTH IS
nepesoga 1, 2, crp. 171-172
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TEKCTHI, cTp. 293 ymp. 1.

[lepeson JIOIOJTHUTEILHEIX
TEKCTOB  HAyYHO-TEXHHYCCKON
HAIPaBICHHOCTH
YK-1.1; [IK-1.1, TIK-1.2, TIK-1.3; TIK- | Jlekcuko-rpaMmmaTHiecKye CrtpenbiioB A.A. Hayuno-
3.1, I[IK-3.2, TIK-3.3 0COOEHHOCTH HAY4YHO- [TEXHUYECKHE TEKCThL. OT
TEXHUYECKOTO MepeBoa MOHUMAaHHS K TICPEBOY.

ctp. 37 ymp. 11, 12, ctp. 38 ynp.
1,2, ctp. 44 ymp. 1, 2, cTp. 45
yrp. 3, ctp. 46 ymp. 4, ctp. 47

2 yrp. 5, ctp. 48 ymp. 6, cTp. 49
yrp. 7, 8, ctp. 50 ynp. 9, ctp. 51
yrp. 10, ctp. 289 ymp. 1, 2, ctp.
290 ymp. 3, 4, 5, ctp. 291 ymp. 6.
[lepeBos AOMOIHUTENBHBIX
TEKCTOB HAYYHO-TEXHUYECKOM

HANpaBIeHHOCTH
VK-1.1; TIK-1.1, IIK-1.2, TIK-1.3; T1K- | IlepeBox HayuHo-TexHHUYeckuX (CtpenbiioB A.A. HayuHo-
3.1, TIK-3.2, TIK-3.3 TEKCTOB: BHUJBI, CTPYKTYpHO- [T€XHHYECKHE TeKCThL. OT

CTHJIIMCTHYCCKHEC OCO6CHHOCTI/I TMOHHMMaHUs K IIEPEBOAY.

cTp. 69 Texcr 3, 4, ctp. 72 ymp.
3, cTp. 75 TEKCTHI A TIEpeBOa
1, 2, ctp. 79 ymp. 2, crp. 81
TekcT 3, ctp. 104-105 TekcTsl
s mepeBona, crp. 129 Tekcr,
3 ctp. 168 Teker 5, crp. 169 Tekcr
6, ctp. 205 ymp. 2, ctp. 209
TekcT 4, ctp. 312 ymp. 3, ctp.
315 Tekcter 1, 2, 3, ctp. 316
TeKcT 5, crp. 323-326 TeKCTHI
IS TIepeBoa.

[lepeBox JOTIOJHUTENBHBIX
TEKCTOB  Hay4YHO-TEXHHYECKOH
HAIPaBJICHHOCTH
VK-1.1; IIK-1.1, TTIK-1.2, TIK-1.3; TTIK- | OcobennocTu nepeBona ([TomHBII MHICEMEHHEBIH TepeBO/
3.1, TIK-3.2, TIK-3.3 HAyJIHO-TEXHIMYECKHX TEKCTOB |HaYIHO-TEXHHMUYECKUX TEKCTOB.

Borpockr: M3yuenue 1ekcuku
10 TEME, BBIIIOJIHCHNE
YIpa)KHEHUI Ha 3aKpeTyICHIe
HOBOM JIEKCUKH, U3Y4YECHUE
TIEKCHYECKUX M TPAaMMaTHYECKUX
0COOCHHOCTEH TEKCTA, U3ydCHHE
MpaBHI OPOPMIICHHS
CTeaIbHON JOKYMEHTALINH,
BBITTOJTHEHHE
[penepeBOAIECKOTO U
MepeBOTIECKOT0 aHAIN3a
TEKCTOB, TMHCBMEHHOTO 1
YCTHOT'O IIEpeBOAA B ABYX
HaIrpaBJICHUSX, BBITOJTHEHHE
pEIaKTUPOBAHUSA U
caMOpEJaKTUPOBAHUS TEKCTa
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MepeBo/ia, OTBEThI Ha BOMPOCHI
10 TeMe, peeprpoBaHHE U
AHHOTHUPOBaHHE TEKCTOB

3.2 CoaepixaHue OLEHOYHBIX CPeICTB
OHGHO‘-IHI)IG CpeacTBa NMpEACTABJICHEI B BUAC HAYYHO-TCXHUYCCKUX TCKCTOB JIA IIEPEBOAA.

3.2.1 ba3za Hay4HO-TEXHUYECKUX TEKCTOB.

Texkcr 1.

GEODESY

The scientific objective of geodesy is to determine the size and shape of the Earth. The practical
role of geodesy is to provide a network of accurately surveyed points on the Earth’s surface, the
vertical elevations and geographic positions of which are precisely known and, in turn, may be
incorporated in maps. When two geographic coordinates of a control point on the Earth’s surface,
its latitude and longitude, are known as well as its elevation above sea level, the location of that
point is known with accuracy within the limits of error involved in the surveying processes. In
mapping large areas, such as a whole state or country, the irregularities in the curvature of the Earth
must be considered. A network of precisely surveyed control points provides a skeleton to which
other surveys may be tied to provide progressively finer networks of more closely space points. The
resulting networks of points have many uses, including anchor points or bench marks for surveys of
highways and other civil features. A major use of control points is to provide reference points to
which the contour lines and other features of topographic maps are tied. Most topographic maps are
made using photogrammetric techniques and aerial photographs.

The Earth’s figure is that of a surface called the geoid, which over the Earth is the average sea level
at each location; under the continents the geoid is an imaginary continuation of sea level. The geoid
is not a uniform spheroid, however, because of the existence of irregularities in the attraction of
gravity from place to place on the Earth’s surface. These irregularities of the geoid would bring
about serious errors in the surveyed location of control points if astronomical methods, which
involve use of the local horizon, were used solely in determining locations. Because of these
irregularities, the reference surface used in geodesy is that of a regular mathematical surface, an
ellipsoid of revolution that fits the geoid as closely as possible. This reference ellipsoid is below the
geoid in some places and above it in the others. Over the oceans, mean sea level defines the geoid
surface, but over the land areas the geoid is an imaginary sea-level surface.

Today perturbations in the motions of artificial satellites are used to define the global geoid and
gravity pattern with a high degree of accuracy. Geodetic satellites are positioned at a height of 700-
800 kilometers above the Earth. Simultaneous range observations from several laser stations fix the
position of a satellite, and radar altimeters measure directly its height over the oceans. Results show
that the geoid is irregular; in places its surface is up to 100 metres higher than the ideal reference
ellipsoid and elsewhere it is as much as 100 metres below it. The most likely explanation for this
height variation is that the gravity (and density) anomalies are related to mantle convection and
temperature differences at depth. An important observation that confirms this interpretation is that
there is a close correlation between the gravity anomalies and the surface expression of the Earth’s
plate boundaries.

This also strengthens the idea that the ultimate driving force of tectonic plate is a large-scale
circulation of the mantle. A similar satellite ranging technique is also used to determine the drift

© Kocranaiickuit pumunan ®PI'BOY BO «Henl'V»




MUHOBPHAYKU POCCUUN

®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
@” «Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)

Kocranatickuit punnan

Kadenpa ¢punonornn

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»
10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcus mokymenra -1 crp. 15u3 42 Ilepsslii sx3eMILLAp KOITHA Ne

rates of continents. Repeated measurements of laser light travel times between ground stations and
satellites permit the relative movement of different control blocks to be calculated.

Notes:

. The curvature of the Earth — kpuBu3zna 3emu;

. Benchmark — onopnas ormetka ypoBHsi;

. Civil features — crpoutenbHbie pabOTHI;

. Reference point — 6a3oBast Touka, HaYagbHas TOYKA OTCUETA;
. Perturbation — otknonenwue;

. Artificial satellite - uckyccTBeHHbII CIYTHUK;

. High degree of accuracy — Beicokasi cTeneHb TOYHOCTH;

. Reference ellipsoid - pedepeni-amaumncoun.

CO~NOOT S WDN P

Texer 2.

HISTORY OF SURVEYING

Surveying can be determined as a means of making relatively large-scale,taccurate measurements
of the Earth’s surfaces. It includes the determination of the measurement data, the reduction and
interpretation of the data to usable form, and, conversely, the establishment of relative position and
size according to given measurement requirements. Thus, surveying has two similar but opposite
functions: 1) the determination of existing relative horizontal and vertical position, such as that used
for the process of mapping, and 2) the establishment of marks to control construction or to indicate
land boundaries.

Surveying has been an essential element in the development of the human environment for so many
centuries that its importance is often forgotten. It is an imperative requirement in the planning and
execution of nearly every form of construction. Surveying was essential at the dawn of history, and
some of the most significant scientific discoveries could never have been implemented were it not
for the contribution of surveying. Its principal modern uses are in the fields of transportation,
building, apportionment of land, and communications.

It is quite probable that surveying had its origin in ancient Egypt. The Great Pyramid of Khufu at
Giza was built about 2700 BC, 755 feet (230 metres) long and 481 feet (147 metres) high. Its nearly
perfect squareness and north-south orientation affirm the ancient Egyptians’ command of surveying.
Evidence of some form of boundary surveying as early as 1400 BC has been found in the fertile
valleys and plains of the Tigris, Euphrates, and Nile rivers. Clay tablets of the Sumerians show
records of land measurement and plans of cities and nearby agricultural areas. Boundary stones
marking land plots have been preserved. There is a representation of land measurement on the wall
of a tomb at Thebes (1400 BC) showing head and rear chainmen measuring a grainfield with what
appears to be a rope with knots or marks at uniform intervals.

There is some evidence that in addition to a marked cord, wooden rods were used by the Egyptians
for distance measurement. There is no record of any angle-measuring instruments, but there was a
level consisting of a vertical wooden A-frame with a plumb bob supported at the peak of the A so
that its cord hung past an indicator, or index, on the horizontal bar. The index could be properly
placed by standing the device on two supports at approximately the same elevation, marking the
position of the cord, reversing the A, and making a similar mark. Halfway between the two marks
would be the correct place for the index. Thus, with their simple devices, the ancient Egyptians
were able to measure land areas, replace property corners lost when the Nile covered the markers
with silt during floods, and build the huge pyramids to exact dimensions.
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The Greeks used a form of log line for recording the distances run from point to point along the
coast while making their slow voyages from the Indus to the Persian Gulf about 325 BC. The
magnetic compass was brought to the West by Arab traders in the 12th century AD. The astrolabe
was introduced by the Greeks in the 2nd century BC. An instrument for measuring the altitudes of
stars, or their angle of elevation above the horizon, took the form of a graduated arc suspended from
a hand-held cord. A pivoted pointer that moved over the graduations was pointed at the star. The
instrument was not used for nautical surveying for several centuries, remaining a scientific aid only.
The Greeks also possibly originated the use of the groma, a device used to establish right angles,
but Roman surveyors made it a standard tool. It was made of a horizontal wooden cross pivoted at
the middle and supported from above. From the end of each of the four arms hung a plumb bob. By
sighting along each pair of plumb bob cords in turn, the right angle could be established. The device
could be adjusted to a precise right angle by observing the same angle after turning the device
approximately 90°. By shifting one of the cords to take up half the error, a perfect angle would
result.

About 15 BC the Roman architect and engineer Vitruvius mounted a large wheel of known
circumference in a small frame, in much the same fashion as the wheel is mounted on a
wheelbarrow; when it was pushed along the ground by hand it automatically dropped a pebble into
a container at each revolution; giving a measure of the distance traveled. It was, in effect, the first
odometer.

The water level consisted of either a trough or a tube turned upward at the ends and filled with
water. At each end there was a sight made of crossedhorizontal and vertical slits. When these were
lined up just above the water level, the sights determined a level line accurate enough to establish
the grades of the roman aqueducts. In laying out their great road system, the Romans are said to
have used the plane table. It consists of a drawing board mounted on a tripod or other stable support
and of a straightedge — usually with sights for accurate aim (the alidade) to the objects to be mapped
— along which lines are drawn. It was the first device capable of recording or establishing angles.
Later adaptations of the plane table had magnetic compasses attached.

Plane tables were in use in Europe in the 16th century, and the principle of graphic triangulation and
intersection was practiced by surveyors. In 1615 Willebrord Snell, a Dutch mathematician,
measured an arc of meridian by instrumental triangulation. In 1620 the English mathematician
Edmund Gunter developed a surveying chain, which was superseded only by the steel tape
beginning in the late 19th century.

The study of astronomy resulted in the development of angle-reading devices that were based on
arcs of large radii, making such instruments too large for field use. With the publication of
logarithmic tables in 1620, portable angle-measuring instruments came into use. They were called
topographic instruments, or theodolites. They included pivoted arms for sighting and could be used
for measuring both horizontal and vertical angles. Magnetic compasses may have been included on
some.

The vernier, an auxiliary scale permitting more accurate readings (1631), the micrometer
microscope (1638), telescopic sights (1669), and spirit levels (about 1700) were all incorporated in
theodolites by about 1720. Stadia hairs were first applied by James Watt in 1771. The development
of the circle dividing engine about 1775, a device for dividing a circle into degrees with great
accuracy, brought one of the greatest advances in surveying methods, as it enabled angle
measurements to be made with portable instruments far more accurately than had previously been
possible.
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Modern surveying can be said to have begun by the late 18th century. One of the most notable early
feats of surveyors was the measurement in the 1790s of the meridian from Barcelona, Spain, to
Dunkirk, France, by two

French engineers, Jean Delambre and Pierre Méchain, to establish the basic unit for the metric
system of measurement.

Many improvements and refinements have been incorporated in all the basic surveying instruments.
These have resulted in increased accuracy and speed of operations and opened up possibilities for
improved methods in the field. In addition to modification of existing instruments, two
revolutionary mapping and surveying changes were introduced: photogrammetry, or mapping from
aerial photographs (about 1920), and electronic distance measurement, including the adoption of the
laser for this purpose as well as for alignment (in the 1960s). Important technological developments
starting in the late 20" century include the use of satellites as reference points for geodetic surveys
and electronic computers to speed the processing and recording of survey data.

Notes:

. Measurement data — raHHBICH3MEPECHMIA;

. Apportionment of land — pacnipenenennesemens;
. Boundary surveying — mexeBaHHE3eMeEb,

. Land plot — 3emenbHBIyUacTOK;

. Nautical surveying — ruaporpadudeckaschbéMKa;
. Circumference — okpyXHOCTB;

. Odometer — ogomMeTp, M3MEPUTEITHHOE KOJIECO;

. Planetable — men3ymna;

. Vernier — BepHbep;

10. Telescopicsight — Busupnas tpyoa;

11. Spiritlevel — ciuproBOBii ypoBeHb;

12. Stadiahairs — manpHOMEpHBIC HUTH;

13. Alignment — BusupoBanue.

OO IO 0Tk, WN P

Tekct 3.

MODERN SURVEYING BASIC CONTROL SURVEYS

Geodetic surveys involve such extensive areas that allowance must be made for the Earth’s
curvature. Baseline measurements for classical triangulation are therefore reduced to sea-level
length to start computations, and corrections are made for spherical excess in the angular
determinations. Geodetic operations are classified into four “orders”, according to accuracy, the
first-order surveys having the smallest permissible error. Primary triangulation is performed under
rigid specifications to assure first-order accuracy.

Efforts are now under way to extend and tie together existing continental networks by satellite
triangulation so as to facilitate the adjustment of all major geodetic surveys into a single world
datum and determine the size and shape of the Earth spheroid with much greater accuracy than
heretofore obtained. At the same time, current national networks will be strengthened, while the
remaining amount of work to be done may be somewhat reduced. Satellite triangulation became
operational in the United States in 1963 with observations by Rebound A-13, launched that year,
and some prior work using the Echo 1 and Echo 2 passive reflecting satellites. The first satellite
specifically designed for geodetic work, Pageos 1, was launched in 1966.
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A first requirement for topographic mapping of a given area is an adequate pattern of horizontal and
vertical control points, and an initial step is the assembly of all such existing information. This
consists of descriptions of points for which positions (in terms of latitude and longitude) and
elevations above mean sea level have been determined. They are occasionally located at some
distance from the immediate project, in which case it is necessary to expand from the existing work.
This is usually done on second- or third-order standards, depending upon the length of circuits
involved.

The accuracy of survey measurements can be improved almost indefinitely but only at increased
cost. Accordingly, control surveys are used; these consist of a comparatively few accurate
measurements that cover the area of the project and from which short, less accurate measurements
are made to the objects to be located. The simplest form of horizontal control is the traverse, which
consists of a series of marked stations connected by measured courses and the measured angles
between them. When such a series of distances and angles returns to its point of beginning or begins
and ends at stations of superior (more accurate) control, it can be checked and the small errors of
measurement adjusted for mathematical consistency. By assuming or measuring a direction of one
of the courses and rectangular coordinates of one of the stations, the rectangular coordinates of all
the stations can be computed.

Notes:

1. Spherical excess — chepuueckuii H30BITOK;

2. Primary triangulation — rpuanrymsius | knacca, OCHOBHAsI TPHAHTYIIAIUS;
3. Traverse - T€OIOJIUTHBIN XOJ, OJTUTOHOMETPHUYECKAs CETh.

Texkcr 4.

MODERN SURVEYING TRIANGULATION

A system of triangles usually affords superior horizontal control. All of the angles and at least one
side (the base) of the triangulation system are measured. Though several arrangements can be used,
one of the best is the quadrangle or a chain of quadrangles. Each quadrangle, with its four sides and
two diagonals, provides eight angles that are measured. To be geometrically consistent, the angles
must satisfy three so-called angle equations and one side equation. That is to say the three angles of
each triangle, which add to 180°, must be of such sizes that computation through any set of adjacent
triangles with the quadrangles will give the same values for any side. ldeally, the quadrangles
should be parallelograms. If the system is connected with previously determined stations, the new
system must fit the established measurements.

When the survey encompasses an area large enough for the Earth’s curvature to be a factor, an
imaginary mathematical representation of the Earth must be employed as a reference surface. A
level surface at mean sea level is considered to represent the Earth’s size and shape, and this is
called the geoid. Because of gravity anomalies, the geoid is irregular; however, it is very nearly the
surface generated by an ellipse rotating on its minor axis — i.e. an ellipsoid slightly flattened at the
ends, or oblate. Such a figure is called a spheroid. Several have been computed by various
authorities; the one usually used as a reference surface by English-speaking nations is (Alexander
Ross) Clarke’s Spheroid of 1866. This oblate spheroid has a polar diameter about 27 miles (43
kilometres) less than its diameter at the Equator.

Because the directions of gravity converge toward the geoid, a length of the Earth’s surface
measured above the geoid must be reduced to its sea-level equivalent — i.e. to that of the geoid.
These lengths are assumed to be the distances, measured on the spheroid, between the extended
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lines of gravity down to the spheroid from the ends of the measured lengths on the actual surface of
the Earth. The positions of the survey stations on the Earth’s surface are given in spherical
coordinates.

Bench marks, or marked points on the Earth’s surface, connected by precise leveling constitute the
vertical controls of surveying. The elevations of bench marks are given in terms of their heights
above a selected level surface called a datum. In large-level surveys the usual datum is the geoid.
The elevation taken as zero for the reference datum is the height of mean sea level determined by a
series of observations at various points along the seashore taken continuously for a period of 19
years or more. Because mean sea level is not quite the same as the geoid, probably because of ocean
currents, in adjusting the level grid for the United States and Canada all heights determined for
mean sea level have been held at zero elevation.

Because the level surfaces, determined by leveling, are distorted slightly in the area toward the
Earth’s poles (because of the reduction in centrifugal force and the increase in the force of gravity at
higher latitudes), the distances between the surfaces and the geoid do not exactly represent the
surface’s heights from the geoid. To correct these distortions, orthometric corrections must be
applied to long lines of levels at high altitudes that have a north-south trend.

Trigonometric leveling often is necessary where accurate elevations are not available or when the
elevations of inaccessible points must be determined. From two points of known position and
elevation, the horizontal position of the unknown point is found by triangulation, and the vertical
angles from the known points are measured. The differences in elevation from each of the known
points to the unknown point can be computed trigonometrically.

The National Ocean Service in recent years has hoped to increase the density of horizontal control
to the extent that no location in the United States will be farther than 50 miles (80 kilometres) from
a primary point, and advances anticipated in analytic phototriangulation suggest that the envisioned
density of control may soon suffice insofar as topographic mapping is concerned. Existing densities
of control in Britain and much of western Europe are already adequate for mapping and cadastral
surveys.

Notes:

1. Adjacent triangle — mpuMBbIKarOIIUi TPEYTOIBHUK;

2. Oblate — cxkarsiii;

3. Spherical coordinates — cepuueckne KOOPAUHATHI,

4. Marked point — omopHas TouKa,

5. Distortion — uckaxxeHue;

6. Orthometric corrections — oproMeTpuyeCcKHe MOMPABKH;

7. Trigonometric leveling — tpuroHoMeTpru4yeckoe HUBEIMPOBAHUE,

8. National Ocean Service (NOS) — HarmonanbHas OKeaHHYeCKast

Cnyxo6a CHIA,;

9. Analytic phototriangulation — ananutiudeckas GOTOTPHAHTYIISLIHS.

Tekcr 5.

MODERN SURVEYING GLOBAL POSITIONING

The techniques used to establish the positions of reference points within an area to be mapped are
similar to those used in navigation. In surveying, however, greater accuracy is required, and this is
attainable because the
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observer and the instrument are stationary on the ground instead of in a ship or aircraft that is not
only moving but also subject to accelerations, which make it impossible to use a spirit level for
accurate measurements of star elevations.

The technique of locating oneself by observations of celestial objects is rapidly going out of date. In
practicing it, the surveyor uses a theodolite with a spirit level to measure accurately the elevations
of the Sun at different times of the day or of several known stars in different directions. Each
observation defines a line on the Earth’s surface on which the observer must be located; several
such lines give a fix, the accuracy of which is indicated by how closely these lines meet in a point.
For longitude it is necessary also to record the Greenwich Mean Time of each observation. This has
been obtained since 1884 by using an accurate chronometer that is checked at least once a day
against time signals transmitted telegraphically over land lines and submarine cables or broadcast
by radio.

A more recent procedure for global positioning relies on satellites, whose locations at any instant
are known precisely because they are being continuously observed from a series of stations in all
parts of the world. The coordinates of these stations were established by very large scale
triangulation based on a combination of radar observations of distances and measurements of the
directions of special balloons or flashing satellites, obtained by photographing them at known
instants of time against the background of the fixed stars.

The principal method of using satellites for accurate positioning is based on an application of the
Doppler effect. A radio signal is transmitted at a steady frequency by the satellite, but a stationary
observer detects a higher frequency as the satellite approaches and a lower one as it recedes. The
speed of the frequency drop depends on the distance of the observer from the satellite’s track, so a
determination of this speed provides a measure of that distance. At the instant of the satellite’s
closest approach, the observed frequency is the same as that transmitted, so at that time the observer
must be located somewhere along the line at right angles to the satellite’s track. Since this track
over the Earth’s surface is accurately known at all times, these data define the observer’s position.

Notes:

1. Greenwich Mean Time — cpeanee Bpems 1o I'puHBHYY;

2. Flashing satellite — reoge3nueckuii ClIyTHHK C UMITYJIbCHBIMH CTOY-
HUKOMCBETA,;

3. Doppler effect — nomnepoBckmii >3 dexr.

TekcT 6.

MODERN SURVEYING ESTABLISHING THE FRAMEWORK

Most surveying frameworks are erected by measuring the angles and the lengths of the sides of a
chain of triangles connecting the points fixed by global positioning. The locations of ground
features are then determined in relation to these triangles by less accurate and therefore cheaper
methods. Establishing the framework ensures that detail surveys conducted at different times or by
different surveyors fit together without overlaps or gaps.

For centuries the corners of these triangles have been located on hilltops, each visible from at least
two others, at which the angles between the lines joining them are measured; this process is called
triangulation. The lengths of one or two of these lines, called bases, are measured with great care;
all the other lengths are derived by trigonometric calculations from them and the angles. Rapid
checks on the accuracy are provided by measuring all three angles of each triangle, which must add
up to 180 degrees.
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In small flat areas, working at large scales, it may be easier to measure the lengths of all the sides,
using a tape or a chain, rather than the angles between them; this procedure, called trilateration, was
impractical over large or hilly areas until the invention of electromagnetic distance measurement
(EDM) in the mid-20th century. This procedure has made it possible to measure distances as
accurately and easily as angles, by electronically timing the passage of radiation over the distance to
be measured; microwaves, which penetrate atmospheric haze, are used for long distances and light
or infrared radiation for short ones. In the devices used for EDM, the radiation is either light
(generated by a laser or an electric lamp) or an ultrahigh-frequency radio beam. The light beam
requires a clear line of sight; the radio beam can penetrate fog, haze, heavy rain, dust, sandstorms,
and some foliage. Both types have a transmitter receiver at one survey station. At the remote station
the light type contains a set of corner mirrors; the high-frequency type incorporates a retransmitter
(requiring an operator) identical to the transmitter-receiver at the original station. A corner mirror
has the shape of the inside of a corner of a cube; it returns light toward the source from whatever
angle it is received, within reasonable limits. A retransmitter must be aimed at the transmitter-
receiver.

In both types of instrument, the distance is determined by the length of time it takes the radio or
light beam to travel to the target and back. The elapsed time is determined by the shift in phase of a
modulating signal superimposed on the carrier beam. Electronic circuitry detects this phase shift
and converts it to units of time; the use of more than one modulating frequency eliminates
ambiguities that could arise if only a single frequency had been employed.

EDM has greatly simplified an alternative technique, called traversing, for establishing a
framework. In traversing, the surveyor measures a succession of distances and the angles between
them, usually along a traveled route or a stream. Before EDM was available, traversing was used
only in flat or forested areas where triangulation was impossible. Measuring all the distances by
tape or chain was tedious and slow, particularly if great accuracy was required, and no check was
obtainable until the traverse closed, either on itself or between two points already fixed by
triangulation or by astronomical observations.

In both triangulation and traversing, the slope of each measured line must be allowed for so that the
map can be reduced to the horizontal and referred to sea level. A measuring tape may be stretched
along the ground or suspended between tripods; in precise work corrections must be applied for the
sag, for tension, and for temperature if these differ from the values at which the tape was
standardized. In work of the highest order, known as geodetic, the errors must be kept to one
millimetre in a kilometre, that is, one part in 1,000,000.

Notes:

1. Framework — ceTh OMIOPHBIX ITYHKTOB;

2. Electromagnetic distance measurement (EDM) — usmepenuepac-
CTOSTHHH painoJaIbHOMEPOM;

3. Electroniccircuitry — anekrpoHHasi CXeMO TEXHHUKA,

4. Frequency — gactora;

5. Sag — nporu0.

Texkcr 7.

MODERN SURVEYING THE THEODOLITE

Though for sketch maps the compass or graphic techniques are acceptable for measuring angles,
only the theodolite can assure the accuracy required in the framework needed for precise mapping.
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The theodolite consists of a telescope pivoted around horizontal and vertical axes so that it can
measure both horizontal and vertical angles. These angles are read from circles graduated in degrees
and smaller intervals of 10 or 20 minutes. The exact position of the index mark (showing the
direction of the line of sight) between two of these graduations is measured on both sides of the
circle with the aid of a vernier or a micrometer. The accuracy in modern first-order or geodetic
instruments, with five-inch glass circles, is approximately one second of arc. With such an
instrument a sideways movement of the target of one centimetre can be detected at a distance of two
kilometres. By repeating the measurement as many as 16 times and averaging the results, horizontal
angles can be measured more closely; in geodetic surveying, measurements of all three angles of a
triangle are expected to give a sum of 180 degrees within one second of arc.

In the most precise long-distance work, signaling lamps or heliographs reflecting the Sun are used
as targets for the theodolite. For less demanding work and work over shorter distances, smaller
theodolites with simpler reading systems can be used; targets are commonly striped poles or ranging
rods held vertical by an assistant.

An extensive set of these measurements establishes a network of points both on the map, where
their positions are plotted by their coordinates, and on the ground, where they are marked by pillars,
concrete ground marks, bolts let into the pavement, or wooden pegs of varying degrees of cost and
permanence, depending on the importance and accuracy of the framework and the maps to be based
on it. Once this framework has been established, the surveyor proceeds to the detail mapping,
starting from these ground marks and knowing that their accuracy ensures that the data obtained
will fit precisely with similar details obtained elsewhere in the framework.

Notes:

1. Sketch map — o63opHasikapra,;

2. Heliograph — paguorenuorpad;

3. Rangingrod — nansHOMepHaspeiiKa.

Tekct 8.

MODERN SURVEYING TOTAL STATION

Total station or TST (total station theodolite) is an electronic/optical instrument used in modern
surveying and building construction. The total station is an electronic theodolite (transit) integrated
with an electronic distance

meter (EDM) to read slope distances from the instrument to a particular point.

The primary function of surveying instruments is to measure distances, angles and heights. The total
station employs the electro-optical distance metering method, emitting laser beams to a target and
detecting light reflected off it. It takes measurements by calculating the deviation of the wavelength
of the reflected light. Total stations are able to measure distances too an accuracy of 2-3 millimeters
per kilometer, and angles to 1-second accuracy.

Surveying instruments measure angles using a built-in encoder. The encoder is a device that
measures the rotation angle and number of rotations of a built-in motor as digital data.

To measure the angle to a target point, the system creates a radial pattern comprising 16,200 spokes
at equal distance on a glass disc and irradiates light with an LED diode. The encoder detects the
rotation angle of the motor by reading changes in the intensity of the projected light. This way, the
angle to the target is detected with a resolution down to a one-second angle.
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There are two methods of measuring distance: the prism method, which uses a reflective prism at
the target measurement point, and the non-prism, or reflectorless, method that does not use a
reflective prism.

With the prism method, a laser is beamed at a reflective prism (also called a mirror) placed at the
measurement point, and the distance is measured by the time it takes for light to be reflected back
from the prism. Though this method is more accurate than the reflectorless method, it requires the
pacing of a reflective prism at the measurement point, making it difficult to measure distances to
high locations, diagonal surfaces, or inaccessible locations.

With the reflectorless method, it is possible to survey areas from a distant location. Even areas of
possible danger such as disaster areas (e.g. landslides) can safely and efficiently be surveyed with
this method, which has the additional advantage of requiring less labour and time (there is no need
for a second team to handle the prism at the target point).

When surveying roads, for example, traffic restrictions need to be put into place if reflective prisms
are used. This is not the case with the reflectorlessmethod. The decision to use the prism or
reflectorless method is made

according to conditions at the survey site.

Notes:

1. Total station — taxeomerp;

2. Slope distance — paccTOSSHUETIOHAKIIOHY;
3. Reflected light — oTpaxénusriicser;

4. Built-in encoder —BcTpoeHHBIIIATYHK;

5. Reflectiveprism — otpaxareiabpHasmpusma;
6. Pacing — u3smMepeHme pacCTOSHUS [IaraMu.

Tekct 9.

MODERN SURVEYING DETAIL SURVEYING

The actual depiction of the features to be shown on the map can be performed either on the ground
or, since the invention of photography, aviation, and rocketry, by interpretation of aerial
photographs and satellite images. On the ground the framework is dissected into even smaller areas
as the surveyor moves from one point to another, fixing further points on the features from each
position by combinations of angle and distance measurement and finally sketching the features
between them freehand. In complicated terrain this operation can be slow and inaccurate, as can be
seen by comparing maps made on the ground with these made subsequently from aerial
photographs.

Ground survey still has to be used, however, for some purposes; for example, in areas where aerial
photographs are hard to get; under the canopy of a forest, where the shape of the ground — not that
of the treetops — is required; in very large scale work or close contouring; or if the features to be
mapped are not easily identifiable on the aerial photographs, as is the case with property boundaries
or zones of transition between different types of soil or vegetation. One of two fundamental
differences between ground and air survey is that, as already mentioned, the ground survey
interpolates, or sketches, between fixed points, while air survey, using semiautomatic instruments,
can trace the features continuously, once the positions of the photographs are known. One effect of
this is to show features in uniform detail rather than along short stretches between the points fixed
in a ground survey.
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The second difference is that in ground survey different techniques and accuracies may be adopted
for the horizontal and vertical measurements, the latter usually being more precise. Accurate
determinations of heights are required for engineering and planning maps, for example, for railway
gradients or particularly for irrigation or drainage networks, since water in open channels does not
run uphill.

The methods used for fixing locations within the horizontal detail framework are similar to, but less
accurate than, those used for the primary framework. Angles may be measured with a hand-held
prismatic compass or graphically with a plane table, or they may be estimated as right angles in the
case of points that are offset by short distances from straight lines between points already fixed.
Detail points may be located by their distances from two fixed points or by distance and bearing
from only one.

The surveyor may record measurements made in the field and plot them there on a sketch board or
in the office afterward, but if the country is open and hilly, or even mountainous, the plane table
offers the best way of recording the data. A disadvantage of plane-table work is that it cannot be
checked in the office, and so it requires greater intelligence and integrity of the surveyor. The plane
table reached its most efficient form of use in the Survey of India, begun in 1800, in which large
areas were mapped with it by dedicated Indian surveyors. It consists of a flat board that is mounted
on a tripod so that it can be fixed or rotated around a vertical axis. It is set up over a framework
point or one end of a measured baseline with its surface (which is covered with paper or other
drawing medium) horizontal. It is turned until the line joining its location with another framework
point or the other end of the baseline is parallel to the same line as drawn on the paper. This
alignment is performed with the aid of an alidade, or sight rule, a straightedge fitted with simple
sights. The alidade is then directed toward points on features that are to be fixed, and pencil rays are
drawn along the sight rule toward them. The procedure is repeated at the other framework point or
the other end of the baseline; the points where the rays intersect on the table will be the map
positions of the features.

In surveying for engineering projects, more sophisticated instruments are employed to maximize
accuracy. For example, distances may be measured by EDM or by tachymetry, a geometric
technique in which the vertical distance on a graduated vertical staff, seen between two stadia hairs
in the theodolite eyepiece, is a measure of the horizontal distance between the theodolite and the
staff — usually 100 times the difference between the two readings. This method requires at least one
assistant to move the staff from place to place. Modern surveying instruments combine a theodolite,
EDM equipment, and a computer that records all the observations and calculates the height
differences obtained by measuring vertical angles.

Notes:

1. Ground survey — Ha3eMHasChEMKA;

2. Railwaygradient — ykimoHxene3HOHI0pOTH;

3. Prismaticcompass — koMIac ¢ ONTHYECKOU Tepeaadeii;
4. Planetable — men3ymna;

5. Alidade — anunaga, yriaomep;

6. Tachymetry — TaxeomeTprueckas ChbEMKa, TAXEOMETPHUS;
7. Theodoliteeyepiece — oxymnspreomonura.

Tekcr 10.
MODERN SURVEYING AERIAL SURVEYING
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Aviation and photography have revolutionized detailed mapping offeatures visible from the air. An
aerial photograph, however, is not a map.In the case of the House of Parliament and Westminster
Bridge, London,for example, the tops of the towers would coincide with the corners of
thefoundations when mapped. In an aerial photograph, however, they would not,being displaced
radially from the centre. An important property of verticalaerial photographs is that angles are
correctly represented at their centres, butonly there. Similar distortions are present in photographs
of hilly ground. Thisproblem may be dealt with in two principal ways, depending on the
relativescales of the map and the photographs and on whether contours are requiredon the map. The
older method, adequate for planimetric maps at scales smallerthan the photographs, was used
extensively during and after World War 11 tomap large areas of desert and thinly populated country;
mountainous areacould be sketched in, but the relief was not accurately shown.

As in ground survey, a framework of identified points is necessary beforedetailed mapping can be
carried out from the air. The photographs are ordinarilytaken by a vertically aligned camera in a
series of strips in which each pictureoverlaps about 60 percent of the preceding one; adjacent strips
overlap onlyslightly. The overlaps make it possible to assemble a low-order framework orcontrol
system based on small, recognizable features that appear in more than onephotograph. In the
simplest form of this procedure each photograph is replacedby a transparent template on which rays
are drawn (or slots are cut) from thecentre of the picture to the selected features. The angles
between these rays orslots are correct, and slotted templates can be fitted together by inserting
studs,which represent the features, into the appropriate slots and sliding the templatesso that each
stud engages the slots in all the pictures showing the correspondingfeature. This operation ensures
that the centres of the pictures and the selectedfeatures are in the correct relationship. The array of
overlapping photographscan be expanded or contracted by sliding them about on the work surface
as longas the studs remain engaged in the slots, so the assemblage can be positioned,oriented, and
scaled by fitting it to at least two — preferably several —groundcontrolpoints identified on different
photographs.

This technique may be extended by using two additional cameras, oneon each side, aimed at right
angles to the line of flight and 30 degrees belowthe horizontal. The photographs taken by the side
cameras overlap thosetaken by the vertical one and also include the horizon; the effect is to
widenthe strip of ground covered and thus to reduce the amount of flying required.Points in the
backgrounds of the oblique photographs can be incorporatedin the overlapping array as before to tie
the adjacent flight paths together.Photography from high-flying jet aircraft and satellites has
rendered thistechnique obsolete, but before those advances took place it greatly facilitatedthe
mapping of underdeveloped areas.

For the production of maps with accurate contours at scales five or sixtimes that of the photographs,
a more sophisticated approach is necessary. Theground-survey effort must be expanded to provide
the heights as well as thepositions of all the features employed to establish the framework.

In this technique the details within each segment of the map are based noton individual photographs
but on the overlap between two successive onesin the same strip, proceeding from the positions and
heights of features in thecorners of each area. A three-dimensional model can be created by
viewingeach pair of consecutive photographs in a stereoscope; by manipulation of aspecially
designed plotting instrument, the overlapping area can be correctlypositioned, scaled, and oriented,
and elevations of points within it can bederived from those of the four corner points. These
photogrammetric plottinginstruments can take several forms. In projection instruments the
photographsare projected onto a table in different colours so that, through spectacles withlenses of
complementary colours, each eye sees only one image, and theoperator visualizes a three-
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dimensional model of the ground. A table or platen,with a lighted spot in the middle, can be moved
around the model and raised orlowered so that the spot appears to touch the ground while the
operator scansany feature, even if it is located on a steep hillside. A pencil directly beneaththe spot
then plots the exact shape and position of the feature on the map. Forcontouring the platen is fixed
at the selected height (at a scale adjusted to thatof the model), and the spot is permitted to touch the
model surface whereverit will; the pencil then draws the contour.

With more complex mechanical devices, rays of the light reaching theaircraft taking the two
photographs are represented by rods meeting at a pointthat represents the position of the feature of
the model being viewed. Witha complicated system of prisms and lenses the operator, as with
projectioninstruments, sees a spot that can be moved anywhere in the overlap and up ordown to
touch the model surface. A mechanical or electronic system movesa pencil into the corresponding
position on a plotting table to which the mapmanuscript is fixed.

With computerized analytic instruments the mechanical operation islimited to measuring
coordinates on the two photographs, and the conversionto a three-dimensional model is performed
entirely by the computer. It ispossible with the most precise plotting instruments of either type to
drawa map at four to six times the scale of the photographs and to plot contoursaccurately at a
vertical interval of about one one-thousandth of the heightfrom which the photographs were taken.
With such analytic instruments therecord can be stored in digital as well as graphic form to be
plotted later atany convenient scale.

All these methods produce a line or drawn map; some of them also createa data file on disk or tape,
containing the coordinates of all the lines and otherfeatures on the map. On the other hand, aerial
photographs can be combinedand printed directly to form a photomap. For flat areas this operation
requiressimply cutting and pasting the photographs together into a mosaic. For greateraccuracy the
centres of the photographs may be aligned by the use of slottedtemplates to produce a photomap
called a controlled mosaic.

A much more precise technique is based on the use of an orthophotoscope.With this device,
overlapping photographs are employed just as in thestereoscopic plotter, but the instrument, rather
than the manual tracing of thefeatures and contours, scans the overlap and produces an
orthophotographby dividing the area into small sections, each of which is correctly scaled.This
procedure is best applied to areas of low relief without tall buildings;the resulting maps can then be
substituted for line maps in rural areas wherethey are practically useful in planning resettlement in
agricultural projects.Because no fair drawing is required, the final printed map can be
producedmuch more quickly and cheaply than would otherwise be possible.

Notes:

1. Planimetricmap — xapra 6e3 nzo0paskeHus penbeda;

2. Adjacentstrip — cMeXHBIA MapLIPYT;

3. Overlap — nepekpbITHE (JINCTOB KapThl UM a9POCHUMKOB);
4. Transparenttemplate — npo3paunslii 1abIoH;

5. Plottinginstrument — kapTococTaBUTENbCKUIA TIPHOOD;

6. Platen — mpmxuMHOE yCTPOWCTBO;

7. Photomap — kapta, cocTaBieHHas 1Mo a3poGpoTOChEMOYHBIM TAHHBIM;
8. Controlledmosaic — opueHTHpOBaHHBIN (OTOIIIAH;

9. Orthophotoscope — optodoTockor;

10. Stereoscopicplotter — crepeooOpadaThIBatOLTHATIPHOOP.
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Tekct 11.

MODERNSURVEYINGHYDROGRAPHY

Surveying of underwater features, or hydrographic surveying, formerly required techniques very
different from ground surveying, for two reasons: the surveyor ordinarily was moving instead of
stationary, and the surface being mapped could not be seen.The first problem, making it difficult to
establish a framework except near land or in shoal areas, was dealt with by dead reckoning between
points established by astronomical fixes. In effect a traverse would be run with the ship’s bearing
measured by compass and distances obtained either by measuring speed and time or by a modern
log that directly records distances. These have to be checked frequently, because however accurate
the log or airspeed indicator and compass, the track of a ship or aircraft is not the same as its course.
Crosscurrents or winds continually drive the craft off course, and those along the course affect the
speed and the distance run over the ground beneath.

The only way a hydrographer could chart the seabed before underwater echo sounding and
television became available was to cast overboard at intervals a sounding line with a lead weight at
the end and measure the length of the line paid out when the weight hit the bottom. The line was
marked in fathoms, that is, units of one one-thousandth of a nautical mile, or approximately six feet
(1,8metres).

Sounding by lead is obviously very slow, especially in deep waters, and the introduction of echo
sounding in the early 20th century marked a great improvement. It was made possible by the
invention of electronic devices for the measurement of short intervals of time. Echo sounding
depends on timing the lapse between the transmission of a short loud noise or pulse and its return
from the target — in this case the bottom of the sea or lake. Sound travels about 5,000 feet (1.500
metres) per second in water, so that an accuracy of a few milliseconds in measurements of the time
intervals gives depths within a few feet.

The temperature and density of water affect the speed at which sound waves travel through it, and
allowances have to be made for variations in these properties. The reflected signals are recorded
several times a second on a moving strip of paper, showing to scale the depth beneath the ship’s
track. The echoes may also show other objects, such as schools of fish, or they may reveal the dual
nature of the bottom, where a layer of soft mud may overlie rock. Originally only the depth that was
directly beneath the ship was measured,leaving gaps between the ship’s tracks. Later inventions,
which includesideways-directed sonar and television cameras, have made it possible to fillthese
gaps. While measurements of depths away from the ship’s track are notso accurate, the pictures
reveal any dangerous objects such as rock pinnaclesor wrecks, and the survey vessel can then be
diverted to survey them in detail.

Modern position-fixing techniques using radar have made the wholeprocess much simpler, for the
ship’s location is how known continuouslywith reference to fixed stations on shore or satellite
tracks. Another moderntechnique is the use of pictures taken from aircraft or satellites to indicate
thepresence and shape of shoal areas and to aid the planning of their detailedsurvey.

An alternative to the use of radar or satellite signals for continuous andautomatic recording of a
ship’s position is the employment of inertial guidancesystems. These devices, developed to satisfy
military requirements, detectevery acceleration involved in the motion of a craft from its known
startingpoint and convert them and the elapsed time into a continuous record of thedistance and
direction traveled.

For studying the seabed in detail, the bottom of the sounding lead washollowed to hold a charge of
grease to pick up a sample from the sea floor.Today television cameras can be lowered to transmit
pictures back to the surveyship, though their range is limited by the extent to which light can
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penetratethe water, which often is murky. Ordinary cameras also are used in pairs formaking
stereoscopic pictures of underwater structures such as drilling rigs orthe wreckage of ancient ships.

Notes:

. Hydrographic surveying — rugporpadudeckasichbéMka;

. Shoalarea — menkoBoHas30Ha;

. Astronomicalfix — actpoHOMHYECKast TOUKA;

. Fathom — ¢datowm;

. Echosounding — mpomep riyOuH 3X0J10TOM;

. Surveyvessel — rugporpadudeckoe CyaHO;

. Elapsedtime — npomureamiuii mpoMexxyToK BpeMEHH;

. Stereoscopicpicture — cTepeocKOTHYECKOe H300paKeHHE.

CO~NOOOT A WN -

Texer 12.

MODERN SURVEYING HEIGHT DETERMINATION

Heights of surface features above sea level are determined in four main ways: by spirit leveling, by
measuring vertical angles and distances, by measuring differences in atmospheric pressure, and,
since the late 20th century, by using three-dimensional satellite or inertial systems. Of these the first
is the most accurate; the second is next in accuracy but faster; the third is least accurate but can be
fastest if heights are to be measured at well-separated points. The last two techniques require
sophisticated equipment that is still very expensive.

In spirit leveling the surveyor has for centuries used a surveying level, which consists of a
horizontal telescope fitted with cross hairs, rotating around a vertical axis on a tripod, with a very
sensitive spirit level fixed to it; the instrument is adjusted until the bubble is exactly centred. The
reading on a graduated vertical staff is observed through the telescope. If such staffs are placed on
successive ground points, and the telescope is truly level, the difference between the readings at the
cross hairs will equal that between the heights of the points. By moving the level and the staffs
alternately along a path or road and repeating this procedure, differences in height can be accurately
measured over long horizontal distances.

In the most precise work, over a distance of 100 kilometres the error may be kept to less than a
centimeter. To achieve this accuracy great care has to be taken. The instrument must have a high-
magnification telescope and a very sensitive bubble, and the graduated scale on the staff must be
made of a strip of invar (an alloy with a very small coefficient of thermal expansion). Moreover, the
staffs must be placed on pegs or special heavy steel plates, and the distance between them and the
level must always be the same to cancel the effects of aerial refraction of the light.

In less precise work a single wooden staff can be used; for detailed leveling of a small area, the staff
is moved from one point to another without moving the level so that heights can be measured with a
radius of about 100 metres. The distances of these points from the instrument can be measured by
tape or more commonly, by recording not only the reading at the central cross hair in the field of
view of the telescope but also those at the stadia hairs, that is by tachymetry. The bearing of each
point is observed by compass or on the horizontal circle of the level so that it can be plotted or
drawn on the map.

Since the 1950s levels have been introduced in which the line of sight is automatically leveled by
passage through a system of prisms in a pendulum, thus removing the need to check the bubble. The
disadvantage of spirit leveling is the large number of times the instrument has to be moved and
realigned, particularly on steep hills; it is used primarily along practically flat stretches of ground.

© Kocranaiickuit pumunan ®PI'BOY BO «Henl'V»



MUHOBPHAYKU POCCUUN

®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
,’} «Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)
Kocranatickuit punnan
Kadenpa ¢punonornn

)

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»
10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcus mokymenra -1 crp. 29 u3 42 Ilepsslii sx3eMILLAp KOITHA Ne

For faster work in hilly areas, where lower accuracies usually are acceptable, trigonometric height
determination is employed using a theodolite to measure vertical angles and measuring or
calculating the distances by triangulation. This procedure is particularly useful in obtaining heights
throughout a major framework of triangulation or traverse where most of the points are on hilltops.
To increase precision, the observations are made simultaneously in both directions so that aerial
refraction is eliminated,; this is done preferably around noon, when the air is well mixed.

The third method of height determination depends on measurements of atmospheric pressure
differences with a sensitive aneroid barometer, which can respond to pressure differences small
enough to correspond to a foot or

two (0.3 to 0.6 metre) in height. The air pressure changes constantly, however, and to obtain
reliable results it is necessary to use at least two barometers; one at reference point of known height
is read at regular intervals while the surveyor proceeds throughout the area, recording locations,
times, and barometer readings. Comparison of readings made at the same time then gives the height
differences.

An alternative to the barometer for pressure measurement is an apparatus for measuring the boiling
point of a liquid, because this temperature depends on the atmospheric pressure. Early explorers
determined heights in this way, but the results were very rough; this technique was not accurate
enough for surveyors until sensitive methods for temperature measurement were developed. The
airborne profile recorder is a combination of this refined apparatus with a radar altimeter to measure
the distance to the ground below an aircraft.

Analysis of the signals received simultaneously from several satellites gives heights as accurately as
positions. Heights determined in this way are useful in previously unmapped areas as a check on
results obtained by faster

relative methods, but they are not accurate enough for mapping developed areas or for engineering
projects. All-terrain vehicles or helicopters can carry inertial systems accurate enough to provide
approximate heights suitable for aerial surveys of large areas within a framework of points
established more accurately by spirit leveling.

Notes:

1. Crosshairs — ceTkanureii;

2. Readings — moka3aHust ©3MEPHUTEIbHBIX IIPUOOPOB;
3. High-magnification — 6onbioeyBenuyenue;

4. Graduatedscale — macmrabHasMHENKA

5. Thermalexpansion — TepmanibHO€E pacIIMpEHHE;

6. Stadiahairs — qanpHOMEpHBIE HUTH;

7. Pendulum — masTHuK;

8. Aneroidbarometer — 6apomeTp-aHepou I,

9. Airborneprofilerecorder — 60pTOBO# BEICOTOMEP C CAMOTHCIIEM;
10. Radaraltimeter — panapHsbiiiBEICOTOMED.

Tekct 13.

3D LASER SCANNING FOR CULTURAL HERITAGE

In the last years, thanks to the advances of surveying sensors and techniques, many heritage sites
could be accurately replicated in digital formewith very detailed and impressive results. The actual
limits are mainly related to hardware capabilities, computation time and low performance of
personal computer. Often, the produced models are not visible on a normal computer and the only
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solution to easily visualize them is offline using rendered videos. This kind of 3D representations is
useful for digital conservation, divulgation purposes or virtual tourism where people can visit places
otherwise closed for preservation or security reasons. But many more potentialities and possible
applications are available using a 3D model.

Almost 50 years ago, the Venice Charter (International Charter for the Conservation and
Restoration of Monuments and Sites, 1964) stated: “It is essential that the principles guiding the
preservation and restoration of ancient buildings should be agreed and be laid down on an
international basis, with each country being responsible for applying the plan within the framework
of its own culture and traditions”. But nowadays the need for a clear, rational, standardized
terminology and methodology, as well as an accepted professional principle and technique for
interpretation, presentation, digital documentation and presentation is still not established.
Furthermore, “...Preservation of the digital heritage requires sustained efforts on the part of
governments, creators, publishers, relevant industries and heritage institutions. In the face of the
current digital divide, it is necessary to reinforce international cooperation and solidarity to enable
all countries to ensure creation, dissemination, preservation and continued accessibility of their
digital heritage” (UNESCO Charter on

the Preservation of the Digital Heritage 2003). Therefore, although we may digitally record and
produce models, we also require more international collaborations and information sharing to
digitally preserve and make them accessible in all the possible forms and to all the possible users
and clients. But despite all these international statements, the constant pressure of international
heritage organizations and the recent advances of 3D recording techniques, a systematic and
targeted use of 3D surveying and modelling in the Cultural Heritage field is still not yet employed
as a default approach for different reasons:

1) the idea of high costs for 3D models;

2) the difficulties in achieving good 3D models by everyone;

3) the thought that 3D is an optional process of interpretation and an additional ‘aesthetic’ factor,
i.e. traditional 2D documentation is enough;

4) the difficulty of integrating 3D worlds with other more standard 2D material;

5) the lack of powerful and reliable software to handle 3D data and produce standard documentation
material.

New technologies and new hardware are pushing to increase the quality of 3D models with the
purpose of attracting new people into the 3D world. Many companies entered inside this market
developing and employing

software and survey systems with good potentialities and often very impressive results. Indeed the
number of 3D products is huge and if one hand the cost of these technologies is slowly reducing, on
the other hand it’s difficult, in particular for nonspecialists, to select the right product due to a lack
of standard terminology and specifications. Furthermore, new technologies can for sure be a
powerful tool to improve the classical standard of documentation and create a new methodology,
however caution must be used and they have to be further studied and customized to be fully
effective and useful, since even the standard bi-dimensional representations are still not problem-
free.

When planning a 3D surveying and modeling project, beside all the technical parameters that
should be kept in mind (e.g. location, accessibility, geometric detail, budget), a very crucial thing to
know is the final user of the

3D data and the final project’s goal, in order to clarify what is actually needed.
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Nowadays there is a large number of geomatics data acquisition tools for mapping purposes and for
visual Cultural Heritage digital recording. These include satellite imagery, digital aerial cameras,
radar platforms, airborne and terrestrial laser scanners, UAVs, panoramic linear sensors, SRL or
consumer-grade terrestrial digital cameras and GNSS/INS systems for precise positioning. Beside
data acquisition systems, today new software has been developed and many automated data
processing procedures are available. For what concerned new functionality for 3D data
management, there are new advances in Geographic Information Systems (GIS) and 3D repositories
(e.g. BIM) while in the visualization field the rendering and animation software are now more
affordable with lower costs and higher results. The continuous development of new sensors, data
capture methodologies and multi-resolution 3D representations are contributing significantly to the
documentation, conservation, and presentation of heritage information and to the growth of research
in the Cultural Heritage field. The generation ofreality-based 3D models of heritage sites and
objects is nowadays performedusing methodologies based on passive sensors and image data, active
sensorsand range data, classical surveying (e.g. total stations or GNSS), 2D maps, oran integration
of the aforementioned techniques.

The choice or integration depends on the required accuracy, objectdimensions, location constraints,
instrument’s portability and usability, surfacecharacteristics, project’s budget and final goal of the
3D survey. ldentify thebest approach in every situation is not an easy task but it is nowadays
clearthat the combination and integration of different sensors and techniques, inparticular when
surveying large and complex sites, is the ideal solution inorder to: 1) exploit the intrinsic strengths
of each technique, 2) compensatefor weaknesses of individual methods, 3) derive different
geometric Levelsof Detail of the scene under investigation that show only the necessaryinformation
and 4) achieve more accurate and complete geometric surveyingfor modelling, interpretation,
representation and digital conservation issues.

The Stonehenge laser scan survey undertaken back in 2011 successfullydemonstrates the recording,
documentation and archaeological analysisapplication of laser scanning as well as its latent
potential for deriving new data. This new survey aimed to record both the world famous prehistoric
monumentand ‘The Triangle’ landscape immediately surrounding it by applying a rangeof laser
scanning systems from Leica Geosystems and Zoller und Fruhlich(Z+F) with varying specifications
and data capture capabilities.

In December 2013 a new visitor centre was opened at Stonehengecontaining a number of displays
based on the laser scan data. These includedinterpretation and tactile reconstructions of the henge
monument and a new‘Stand in the Stones’ virtual display that every visitor now experiences
whenentering the new centre. Such a project therefore demonstrates that laserscanning can
successfully record heritage sites and monuments and providesa range of useable outputs
encompassing traditional, modern and virtualrequirements.

The importance of Cultural Heritage documentation is well recognizedand there is an increasing
pressure at international level to preserve them alsodigitally with long-lasting and standard formats.
Indeed 3D data are today acritical component to permanently record the shape of important objects
sothat, in digital form at least, they might be passed down to future generations.This concept has
produced firstly a large number of projects, mainly led byresearch groups, which have realized very
high quality and complete digitalmodels and secondly has alerted the creation of guidelines
describing standardsfor correct and complete 3D documentations and digital preservation.

Notes:
1. Geomatics — reonnpopmaruka (geo+informatics);
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2. Digitalrecording — mudposas perucrparms;

3. Satelliteimagery — n3o0pakeHruEe CITyTHUKOBBIX JaHHbBIX;

4. Radarplatform — paguonokariioHHas yCTAaHOBKA;

5. Panoramicsensor — maHopaMHbIi TaTYHK;

6. GNSS (GlobalNavigationSatelliteSystem) — rio6anbHas HaBUranMOHHAsE CIIYTHHKOBAs CHCTEMa
(THCC);

7. INS (InertialNavigationSystem) — unepimanbHas HaBuramonnascucrema (MHC).

Tekct 14.

TOOLS AND PRODUCTS OF MODERN GEODESY

Today, the toolbox of geodesy comprises a number of space-geodeticand terrestrial techniques,
which together allow for detailed observations ofthe «three pillars of geodesy» (Geokinematics,
Earth Rotation, the GravityField) on a wide range of spatial and temporal scales. With a mix of
terrestrial,airborne, and spaceborne techniques, geodesy today determines and monitorschanges in
Earth's shape, gravitational field and rotation with unprecedentedaccuracy, resolution (temporal as
well as spatial), and long-term stability. At thesame time, geodetic observation technologies are in
constant development withnew technologies extending the observation capabilities almost
continuouslyin  terms of accuracy, spatial and temporal coverage and resolution,
parametersobserved, latency and quality. Together, these observations provide the basisto determine
and monitor the ITRF and ICRF as the metrological basis forall Earth observations. Equally
important, the observaitons themselves aredirectly related to mass transport and dynamics in the
Earth system. Thus, thegeodetic measurements form the basis for Earth system observations in
thetrue meaning of these words. Beutler et al. suggested a development towardsan interdisciplinary
service in support of Earth sciences for the IGS. With theestablishment of GGOS, IAG has
extended this concept of an observing systemand service for Earth system sciences to the whole of
geodesy.

It is obvious that there is an intimate relationship between the three pillarsof geodesy and the
reference systems and frames. For geokinematics and Earthrotation, the relationship works both
ways: the reference systems are requiredfor positioning purposes (terrestrial and celestial) and for
studying Earthrotation, and monitoring through the space geodetic techniques is necessary torealize
the two frames and the time-dependent transformation between them.

The ICRF, the ITRF, and the EOPs are needed to derive a gravity field,which is consistent eith the
ICRF, the ITRF, and the corresponding EOPs.Therefore, one might think at first that the gravity
field is not necessary to defineand realize the geometric reference systems. However, in order to
realize thelTRF, observations made by the satellite geodetic techniques (SLR, GNSS,DORIS) are
needed. For these techniques, a gravitational reference systemand frame is required as well and
cannot be separetely determined from thegeometrical frames. The problems are obviously
inseparable when dealingwith the definition in the geometry and gravity domains (origin,
orientation,scale of the geometric networks, low degree and order terms of the Earth's

gravity field).

This consistency between geometric and gravitational products is importanttoday, it will be of
greatest relevance in the future for the understanding of themass transport and the exchange of
angular momentum between the Earth'sconstituents, in particular between solid Earth, atmosphere,
and oceans. Theaspect of consistency is also of greatest importance for all studies related toglobal
change, sea level variation, and to the monitoring of ocean currents.
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In the narrowest possible sense, geodesy has the tasks to define thegeometric and gravitational
reference systems, and to establish the celestial terrestrial, and gravitational reference frames.
Moreover geodesy has to providethe transformation between the terrestrial and celestial reference
frames.These key tasks would be relatively simple to accomplish on a rigid Earthwithout
hydrosphere and atmosphere. However, in the real Earth environmentalready the definition of the
terrestrial and gravitational reference systems isa challenge. The corresponding reference frames
can only be established bypermanent monitoring based on a polyhedron of terrestrial geodetic
observingsites, and of space missions.

Notes:
1. Spatialscale — mpoctpancTBeHHBINIMACIITAO;
2. ITRF (International Terrestrial Reference Frame) -

MexnyHapogHassCUCTEMaHa3eMHBIXKOOP/INHAT;

. ICRF (International Celestial Reference Frame) — MexaynapoaHasHeOeCHasICHCTEMaKOOP/IHHAT;
. IGS (International GNSS Service) — Mexaynapoanasciyx6a GNSS;

. GNSS (Global Navigation Satellite System) — rimo6anpHassHaBUTaIIMOHHASICITY THUKOBAsICHCTEMA,;

. GGOS (Global Geodetic Observing System) — riio6aapHasCHCTEMAreoAe3MUECKUXHAOTIOICHUIA;

. IAG (International Association of Geodesy) — mexxaynapoanasaccormanusreonesun (MAID);

. EOP (Earth orientation parameters) — mapameTpblOpHCHTAIITH3EMIIH;

. SLR (Satellite Laser Ranging) — ciyTHHKOBas1a3€pHASIOKAIINS;

10. DORIS (Doppler Orbitography and Radiopositioning Integrated by Satellite) -
JlomuepoBckasiopouTorpadus.

O© oo ~NO O~ W

Tekcr 15.

OBSERVING EARTH’S ROTATION SPACE-GEODETIC TECHNIQUES

VLBI: VLBI observes radio signals emitted by quasars. These fixed points constitute the ICRF, and
variations in the orientation of the Earth are measured with respect to the ICRF. This technique is
sensitive to processes that change the relative position of the radio telescopes with respect to the
source, such as a change in the orientation of the Earth in space or a change in the position of the
telescopes due to, for example, tidal displacements or tectonic motions. If just two telescopes are
observing the same source, then only two components of the Earth’s rotation can be determined. A
rotation of the Earth about an axis parallel to the baseline connecting the two radio telescopes does
not change the relative position of the telescopes with respect to the source, and hence this
component of the Earth’s orientation is not determinable from VLBI observations taken on that
single baseline. Multibaseline VLBI observations with satisfactory geometry can determine all of
the components of the Earth’s rotation including their time rates-of-change. In fact, the motion of
the axis of rotation of the Earth in space (precession and nutation) and the rotation angle around the
axis of rotation are uniquely monitored by VLBI through its direct connection to the ICRF.

GNSS: GNSS signals observed by a network of ground stations can be used to determine the
orientation of the network of receivers as a whole. In practice, in order to achieve higher accuracy,
more sophisticated analysis techniques are employed to determine the EOPs and other quantities
such as orbital parameters of the satellites, positions of the stations, and atmospheric parameters
such as the zenith path delay. Only polar motion and its time rate of change can be independently
determined from GNSS measurements. UT1 cannot be separated from the orbital elements of the
satellites and hence cannot be determined from GNSS data. The time rate-of-change of UT1, which
is related to the length of the day, can be determined from GNSS measurements. But because of the
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corrupting influence of orbit error, VLBI measurements are usually used to constrain the GNSS-
derived Length of Day (LOD) estimates.

SLR and LLR: Although a number of satellites carry retro-reflectors for tracking and navigation
purposes, the LAGEOS I and 11 satellites were specifically designed and launched to study geodetic
properties of the Earth including its rotation and are the satellites most commonly used to determine
EOPs. Including range measurements to the Etalon | and Il satellites have been found to strengthen
the solution for the EOPs, so these satellites are now often included in the process. The EOPs are
recovered from the basic range measurements in the course of determining the satellite’s orbit and
station coordinates. However, because variations in UT1 cannot be separated from variations in the
orbital node of the satellite, which are caused by the effects of unmodeled forces acting on the
satellite, it is not possible to independently determine UT1 from SRL measurements. Independent
estimates of the time rate-of-change of UT1, or equivalently, of LOD, can be determined from SLR
measurements, as can polar motion and its time rate-of-change.

In the case of LLR, the EOPs are typically determined from observations by analyzing the residuals
each station after the lunar orbit and other parameters such as station and reflector locations have
been fit to the range measurements. From this single station technique, two linear combinations of
UT1 and the polar motion parameters can be determined, namely, UTO and the variation of latitude
at that station. A rotation of the Earth about an axis connecting the station with the origin of the
terrestrial reference frame does not change the distance between the station and the Moon, and
hence this component of the Earth’s orientation cannot be determined form single station LLR
observations.

DORIS: Processing DORIS observations allows the orbit of the satellite to be determined along
with other quantities such as station positions and EOPs. As with other satellite techniques, UT1
cannot be determined from DORIS measurements, but its time rate-of-change can be determined, as
can polar motion and its rate-of-change.

Notes:

1. VLBI (Very Long Baseline Interferometry) — pagnounrepdepoMeTpusacocBepX ITMHHBIMIOa3aMH
(PCLB);

. Tectonicmotion — TEKTOHUYECKOE BUIKEHHUE;

. Rate-of-change — ckopocts usmepenus;

. Precession — npemneccus;

. Nutation — nyranus;

. Zenithpath — nanpaBnenue ayda B 3¢HUTE;

. Polarmotion — nBuxenne nmomarocos;

. UT1 (UniversalTime) - yauBepcaibHOE BpeMsI - OCHOBHASI BEPCHSIBCEMHUPHOTO BPEMEHH;

. LLR (LunarLaserRanging) - nasepHasiokaiusiJIyHbr;

10. UTO (UniversalTime) - BcemupHOe BpeMsi, OTIPEACIIieMOe ¢ TIOMOIIbIO HAOIOICHUI CYTOYHOTO
JIBWDKCHUST 3BE3]] WM BHETAJAKTUYECKUXPAAMOMCTOYHHMKOB, a Takxke JIYHBI M HCKYCCTBEHHBIX
CIIyTHUKOB 3€MJIN.

O©oOo~NOoOUThWwWN

Tekcr 16.

CONSISTENCY OF DATA COLLECTION AND PROCESSING: CONVENTIONS

Since the very early days, international geodesy has always adhered to some form of standards and
conventions, the best known of which being the Geodetic Reference System (GRS), revised
appropriately on decadal scales, the last version being GRS80. GRS consistently covered geometry,

© Kocranaiickuit pumunan ®PI'BOY BO «Henl'V»



MUHOBPHAYKU POCCUUN

®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
@” «Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)

Kocranatickuit punnan

Kadenpa ¢punonornn

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»
10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcust nokymenra -1 crp. 35u3 42 IlepBslii sK3eMILISIP KOITHA Ne

gravity and rotation, albeit at the very top level of required constants and the most basic formulae,
with an eye towards classical techniques and approaches, which at the time were still the main
source of geodetic products. At that time however, a new project was conceived and successfully
executed with international participation at all levels, including design, execution and evaluation; a
project that would eventually lead geodesy from the classical era to that of the space age. The
project Monitoring Earth Rotation and Inter-comparison of Techniques (MERIT), acted as the pilot
for what was later to become the IERS. Along with it came an expanded compilation of constants
and standard formulas, mostly associated with the reference frame and Earth rotation, to be used by
the project participants. These came to be known as the MERIT standards and with the
establishment of the IERS, they became the basis for the development of the IERS Conventions as
we know them and use them today.

While, at the beginning, the Conventions mainly served as a guideline for the purpose of data
analyses and reduction for Earth orientation monitoring only, they gradually developed as the
reference for geometry and reference frame work as well, including all aspects of the required
techniques, from geometric modeling of the observables to all of the required geometric and
dynamic corrections in order to achieve the accuracy that IERS expected for these products. To
achieve this, the Conventions slowly expanded to encompass models and constants that were well
beyond the observations for geometry and rotation, including the gravity field and all of its temporal
variations (tides and secular changes as well as loading effects from the oceans and atmosphere),
relativistic corrections and environmental corrections (e.g. atmospheric delays). The area where
these Conventions are focused is that ofthe space geodetic observations, leaving out most of the
constants and practicesfor ground-based geodesy. This is perhaps due to the fact that the
productsthat concern IERS are of global nature and none of the ground-based geodetictechniques
can contribute significantly or compete with the satellite-borne orspace-based techniques. Looking
at it from a spectral view, they cover thelong-wavelength part of the spectrum of products. Geodesy
however candeliver significant information at the high-frequency end of the spectrum,albeit in some
areas only. One of these areas, the most important one, is thatof the gravitational field of Earth.
Ground and airborne surveys provide veryhigh quality and high-resolution local information that is
used along with thelong-wavelength information obtained from spaceborne instruments
(CHAMP,GRACE, GOCE), to develop extremely high resolution global Earth gravitymodels that
will never be derived from space data alone. This is the area thatthe Conventions need to cover in
more detail, both, in the description of therequired constants and the standard formulas and
practices in reducing suchdata. Once this is accomplished, the foundations of all three pillars will
beably supported by the same, unique set of Conventions and Standards.

While the expansion and enrichment of the existing Conventions andStandards is a rather simple
task, the actual enforcement in practice is by far amore challenging task. While most institutions
seek to be part of the appropriatel AG Service in order for their products be granted the seal of
approval fromthat Service, it is usually very difficult to force the required changed in thesoftware
and the procedures followed by that institution to make it conformwith the IERS rules. As most
Services discovered, it took years for the variousAnalysis Centers within a technique to achieve this
harmonization. It will takequite an effort to ensure that this harmonization exists also across
techniques,since the geodetic products are for the most part a combination of inputs fromseveral if
not all of the Services.

An even more difficult and taxing effort will be required in making surethat not only the same
constants, theoretical or empirical models, and reductionprocedures are consistent, but also all of

© Kocranaiickuit pumunan ®PI'BOY BO «Henl'V»



MUHOBPHAYKU POCCUUN

®enepanbHOE TOCYIapCTBEHHOE OOKETHOE 00pa30BaTeIbHOE YIPEXkKICHNE BHICIIIETO 00pa30BaHUS
@” «Hensbunckuit rocynapcrBeHHbIH yHUBepeuTeT (PI'BOY BO «Henl Y»)

Kocranatickuit punnan

Kadenpa ¢punonornn

@DoHA OIIEHOYHBIX CPEJICTB M0 AUCHHUIUINHE (Moxymio) «HaydHo-TexHIueckuii mepeBom»
10 OCHOBHOW mpodeccnoHanbHON 00pa30BaTeNbHON NPOrpaMMe BBICIIETO 00pa30oBaHMS — MpOrpaMme
OakanmaBpuata «llepeBos U epeBoIOBEACHHE 1T0 HAPABICHHUIO MoAroToBKH 45.03.02 JImHreucTHKa

Bepcust nokymenra -1 ctp. 36 u3 42 IlepBslii sK3eMILISIP KOITHA Ne

the background information used inforward-modeling geophysical processes are also consistently
derived andapplied in the various analyses and reductions of geodetic observations.

When all of the above are accomplished, there is still going to be anissue concerning the
parameterization of the same effects across techniques.Recognizing that not all techniques are
equally sensitive (or sensitive at all)to all of the geodetic products, we will need to identify what
parameterseach technique should deliver and at what frequency, in order to ensure thatthis
information can be easily and readily combined with inputs from othertechniques. The issue has
been given enough attention for the set of parametersthat cover the geometric and rotational group,
with only minor attention givento some very long-wavelength gravity information.

To some extent this approach has been reasonable since the very shortwavelength gravitational
information is well below the sensitivity of any spacetechnique at this point, and for many years to
come. There are other areasthough where part of such information can be applied in a different
form,as a constraint to the results obtained from the global space techniques. Forexample,
incorporating some absolute gravity measurements at a few pointson Earth in the development of a
precise orbit from some type of trackingdata is practically meaningless. On the other hand,
imposing a constraint onthe height change of a tracking station based on repeated absolute
gravitymeasurements at that site is a very useful piece of information independentof the primary
source of data determining the position and motion of that site.

Such synergetic use of various inputs with a common, single outputcan only be done if the
information from all sources adheres to one set ofconventions.

Notes:

1. Geodetic Reference System (GRS) - rio6anbHbIHIATYMCMOAETBIO
IPaBUTAI[HOHHOTOIOISI3EMJTH;

2. International Earth Rotation and Reference Systems Service (IERS)
- MexnyHapoHas ciayxo6a Bpamenus 3emum (MCB3);

. Referenceframe — cucrema koopauHar;

. Secularchanges — BekoBbIC H3MEHEHHUS;

. Relativisticcorrections — peasSTHBHCTCKUE TOIPABKH;

. Satellite-borne — yctaHOBICHHBII HAa HCKYCCTBEHHOM CITyTHHUKE;

. Long-wavelength — nTMHHOBOJIHOBHIIA;

. Forward-modeling — onepexaroiee MOAEIMPOBAHUE;

. Parameterization — mapamerepusarusl.

g1~ w
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Tekct 17.

GEODETIC IMAGING TECHNIQUES

INSAR

The processing of Synthetic Aperture Radar (SAR) images using the INSAR techniques has
demonstrated the potential to revolutionize deformation monitoring from spaceborne platforms. As
opposed to conventional point-level positioning techniques, INSAR gives deformation information
for extended areas (up to a few hundred km across). In this sense INSAR truly is a remote sensing
technique. It can provide spatially smooth three-dimensional maps of surface change, including that
from earthquakes, volcanoes, ice sheets, glaciers, fluid extraction, and landslides.

INSAR for geodetic applications is a method by which radar signals are radiated from moving
platform and are reflected back to the antenna from the surface of the Earth. The intensity and phase
of the reflected signal are measured. In order to measure topography, two antennas separated in
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space are used to measure phase differences between the two antennas from a radar signal reflected
from one point on the Earth’s surface. The Shuttle Radar Topography Mission (SRTM) is an
example of a radar mission that mapped 80% of the Earth’s topography using this technique. In
order to measure surface change, a single radar is used, measuring the surface at two times from an
exactly repeated pass. A change in the line-of-site distance to the satellite results in a phase change
that can be used to infer surface change. Several radar missions have used interferometric
techniques for topography and surface change. SRTM mapped 80% of the Earth’s topography in a
10-day mission in 2000. The European ERS-1 and ERS-2 missions, the Japanese JERS-1 and
ALOS missions, and the Canadian Radarsat missions have provided important data sets for
measuring surface change. The European and Canadian missions are C-band instruments, and the
short wavelength signal decorrelates over vegetated regions. A recently released report of the U.S.
National Research Council recommends an L-band INSAR mission with 8-day repeat to provide
global coverage of Earth’s deforming regions. The report recommends a launch in the 2010-2013-
time frame, essentially the earliest possible juncture.

Successes from radar interferometry include the SRTM topographic map, discovery of actively
inflating volcanoes that were thought to be dormant, measurement of interseismic, coseismic, and
postseismic deformation related to earthquakes that have truly influenced physical models of
Earth’s crust, observation of incipient landslides, and subsidence due to water and oil withdrawal.
Long-term systematic measurements will also provide insight into time dependent behavior of
earthquake, volcanic, and other solid Earth and cryosphere systems.

Solid Earth science and many applications require observations of Earth’s surface displacements at
the sub-cm level. Solid Earth processes exhibit temporal scales from seconds (e.g., coseismic
displacements) to secular with respect to the lifetime of a mission (e.g., isostatic adjustments), and
spatial scales from local (e.g., local subsidence, volcanoes) to global (e.g., great earthquakes, glacial
isostatic adjustment). This wide range of temporal and spatial scales poses a major challenge for the
extraction of unbiased surface displacements from INSAR observations.

The determination of surface displacements from InSAR requires at a minimum a high-resolution
Digital Elevation Model (DEM) and information on tropospheric water vapor content. Additional
data of ionospheric Total Electron Content (TEC), for example, from GPS/GNSS is likely to
improve the correction of ionospheric path-delay based on InSAR observations alone. If a priori
deformation models are available, tropospheric water vapor content can be estimated directly.
However, the strategies for an optimal combination of a priori information on DEM, water vapor,
surface deformation, and ionospheric TEC are still the object of research. Particular emphasis
should be on consistent treatment of errors in the a priori information.

The «Decadal Survey» (National Research Council, 2007) states that a stable global geodetic
reference frame is indispensable for all satellite missions, and this is also true for geodetic imaging
missions. For most Earth science applications, the surface displacements need to be given relative to
such a stable, global geodetic reference frame. Glacial isostatic adjustment is important for the
conversion of ice surface displacements into ice volume and mass changes. The deformation of the
solid Earth surface due to ice loads has large spatial scales and need to be referred to the same
reference frame as that of the ice surface displacements. Large earthquakes have displacement fields
exceeding by far the size of several adjacent images. Likewise, postseismic deformation, which is a
key quantity for earthquake process studies, can have spatial scales of the order of 1000 km. For all
these phenomena it is crucial to relate the displacements from different interferograms to the same
unique reference frame in order to capture the large-scale displacement pattern. However, the
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present approach to the realization of the ITRS has limitations that reduce the achievable accuracy
and necessitate conceptual improvements.

In particular, for early warning and disaster damage assessments, high temporal resolution and low
latency are key requirements. Typical INSAR missions have repeat periods of several days of
longer. Hazardous volcanoes and unstable slopes can be monitored with such repeat period, but in
critical phases, early warning may need much shorter repeat periods. In these cases, supporting
measurements with airborne LIDAR and InSAR can be used to achieve improved temporal
resolution. Ground-based GPS/GNSS can also provide a higher temporal resolution, especially if
the repeat time increases. In cases of earthquakes, landslides, and volcanic eruptions, emergency
response rapid information on the extent of damage. Surface displacements are indicative of
damage. In order to reduce the latency, again airborne LIDAR and InSAR can support the mapping.
In all these cases the appropriate algorithms for the combination of the spaceborne, airborne, and in
situ observations needto be developed.

Notes:

. Synthetic Aperture Radar (SAR) — pagronokatopccunTesupoBannoiamneprypoii (PJIC);
. INSAR — PJIC ¢ unTephepoMeTprIecKoil CHHTE3NPOBAHHOM arepTypoii;

. Three-dimensionalmap — pensednaskapra;

. Line-of-sitemode — TpéxToucunblii METO ] HABEACHUS;

. C-band — nnamason yacror C;

. SolidEarth — 3emus kak TBEpIO€ TEIIO;

. Isostaticadjustment — n3ocraTtuueckas momnpaBKa;

. DigitalElevationModel (DEM) — mudpoBasmarpurniassicot (LIMB);

. TotalElectronContent (TEC) — onpenenenne o01Iero coaepKaHusmdICKTPOHOB;

10. International Terrestrial Reference System (ITRS) -
Mex tyHapoHasICHCTEMaHa3eMHBIXKOOPIUHAT;

11. Insituobservation — nokaibHOECHAOIIOICHUE.

OO ~NOoO Ol WN -

Tekc 18.

THE ADVENT OF THE SPACE AGE, SATELLITE GEODESYAND SPACE GEODESY

The space age was initiated by the launch of the first artificial satellite,Sputnik 1, on October 4 of
the International Geophysical Year 1957. Withthe launch of artificial satellites it became possible to
use these objects eitherto study the size and figure of the Earth from space or to observe them
astargets from the surface of the Earth. The use of artificial satellites for geodeticpurposes led to the
development of satellite geodesy.

The second essential development in space geodesy in the second halfof the 20th century is that of
the Very Long Baseline Interferometry (VLBI)technique as a new tool to realize an extraordinarily
accurate and stableinertial (celestial) reference system. The replacement of the fundamental
starcatalogues by a catalogue of Quasars for the definition of the celestial referenceframe was an
epochal event. Satellite geodesy and VLBI together often arereferred to as space geodetic methods
or techniques.

Today, space geodetic techniques are the primary tools to study size,figure and deformation of the
Earth, and its motion as a finite body in theinertial reference system. Space geodetic techniques thus
are fundamental forgeodesy, geodetic astronomy, and geodynamics.

The development of space geodesy took place in overlapping periods.The last one, the GNSS
period, has had (and will continue to have) a muchgreater impact. It should be viewed as the
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replacement of classical navigationand positioning (which, is based on the observation of
astrometric positionsof natural celestial objects) by measurements of microwave signals emittedby
artificial satellites.

Periods of space geodesy:

Optical period. Optical (astrometric) observations were made of the firstgeneration of artificial
Earth satellites, like Sputnik 2 and Explorer 1. Theballoon satellites Echo 1 and 2 and PAGEOS
(passive geodetic satellite),which could even be seen “by the naked eye”, were observed by a
worldwidededicated tracking network. These satellites were (supposedly) spherical,consisted of
layers of aluminized mylar foil, and, thanks to their brightness,their tracks could easily be
photographed against the star background. Evenbetter suited, although more difficult to track, were
smaller satellites like Geosl (Explorer 29) and Geos 2 (Explorer 36) equipped with flash lamps.
Fascinating results came out of this first phase of satellite geodesy. Thegeodetic datums on different
continents could be related to the geocenter andthus to each other with an accuracy of about 5
meters. First reliable coefficientsof the gravity field (spherical harmonic expansion up to degree and
order ofabout 12-15) were also derived.

The astrometric technique, when applied to artificial satellites in the1960s and 1970s, had serious
disadvantages. The observation was day timeandweather-dependent; the star catalogues were not of
sufficiently highquality and the processing time (time between observation and availability of
results) was of the order of a few weeks in the best case. The optical techniquetherefore no longer
played a significant role in space geodesy after about 1975.Remote sensing satellites, like
LANDSAT and SPOT, producing images ofthe Earth’s surface, might also be mentioned in this
category. These satelliteswere, however, only of marginal benefit for the determination of the
Earth’sgravity field or of a highly accurate global terrestrial reference frame.

Doppler period. The U.S. Navy Navigation Satellite System (NNSS),also called the TRANSIT
system, had a significant impact on the developmentof space geodesy. It proved that a system based
on the measurement of theDoppler shift of signals generated by stable oscillators on board the
satellitescould be used for positioning with a remarkable accuracy (0.1-0.5 m relative,about 1 m
absolute). The satellites transmitted information on two carrierfrequencies (400 MHz and 150 MHz)
near the microwave band. The twofrequencies allowed for a compensation of ionospheric
refraction. Rathersmall receivers connected to omni-directional antennas made the techniquewell
suited to establish regional and global geodetic networks. Observationperiods of a few days were
required to obtain the above stated accuracy. TheNNSS satellites were in polar, almost circular,
orbits about 1100 km above theEarth's surface. The Doppler technique is weather-independent. The
Transitsystem was shut down as a positioning system in December 1996.

SLR and LLR period. SLR stands for Satellite Laser Ranging, LLR forLunar Laser Ranging. The
laser technique, developed in the 1950s, may beused to generate high energetic short light pulses.
These pulses are sent outby a conventional astronomical telescope, travel to the satellite (or
Moon),are reflected by special corner cubes on the satellite (or Moon) back to thetelescope. The
travel time of the laser pulse from the telescope to the satellite(or Moon) and back to the telescope
is measured and corresponds (aftermultiplication with the speed of light) to twice the distance
between satelliteand telescope at the time the light pulse is reflected by the satellite. Today'sSLR
technique is capable of determining the distance between observatoriesand satellites with an
accuracy of few millimeters and with a high repetitionrate (up to a few Hz). SLR techniques may be
used for every satellite equippedwith corner cubes. The unique and most valuable contributions of
SLR lie inthe determination of the Earth's (variable) gravity field, in the determinationof the
geocenter, and in calibrating geodetic microwave techniques. LLRmeasures distances between an
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observatory and the reflectors deployed onthe Moon by the Apollo space missions and the Russian
Lunokhod missions.The technique is, e.g., capable of measuring directly the secular increaseof the
Earth-Moon distance (3.8 cm per year). Also, LLR is well suited forevaluating gravitational
theories.

VLBI period. Very Long Baseline Interferometry (VLBI) is the onlynon-satellite geodetic technique
contributing to the International EarthRotation Service (IERS). Its unique and fundamental
contribution to geodesyand astronomy is the realization of the celestial reference system and
themaintenance of the long-term stability of the transformation between thecelestial and terrestrial
reference frames. The ICRS (International CelestialReference System) is defined and maintained by
the (recently renamed)International Earth Rotation and Reference Systems Service (IERS). It
wasadopted by the IAU and the IUGG as the primary celestial reference system,replacing its optical
predecessors based on fundamental star catalogues.The observation and analysis aspects are today
coordinated by the IVS, thelnternational VLBI Service for Astrometry and Geodesy.

Altimetry missions. Altimetry missions, based on the radar technique,significantly improved our
knowledge of the sea surface topography, of oceancurrents, of tidal motions of the oceans, etc.
There is a long list of altimetrymissions including, e.g., GEOS-3, SEASAT, ERS-1 and -2, Envisat,
etc. TheTOPEX/Poseidon (TOPographyEXperiment for ocean circulation) missionwas the first
mission which was specially designed to study the ocean currents.For space geodesy the
TOPEX/Poseidon mission was a kind of rosetta stonemission, because its orbit was determined
using three independent systems (theFrench DORIS system, SLR tracking, and the GPS).
TOPEX/Poseidon wasneither the first, nor will it be the last altimetry mission (actually, its
successorJason is already in orbit). Missions like CRYOSAT (a planned three-year ESAradar
altimetry mission to determine variations in the thickness of the Earth’scontinental ice sheets) and
ICESAT (NASA’s mission for measuring the icesheet mass balance, cloud, and aerosol heights,
etc.) will significantly improveour knowledge of the Earth’s ice sheets.

SAR and InSAR missions. Satellite missions based on the SyntheticAperture Radar technique and
interferometric SAR (INSAR) have the provenpotential to revolutionize deformation monitoring and
measurements. Asopposed to the conventional positioning techniques, SAR and InSAR
givedeformation information for extended areas (up to a few hundred km). In thissense the SAR
techniques and photogrammetry are closely related.

Gravity space missions. For geodesy and geodynamics the CHAMP(Challenging Mini-Satellite
Payload for Geophysical Research and Application)mission, the GRACE (Gravity Recovery and
Climate Experiment) mission, andthe upcoming European GOCE (Gravity field and Ocean Current
Explorer)mission are particularly fascinating. It is expected that our knowledge ofthe Earth’s
gravity field (thanks to the use of spaceborne GPS receivers,accelerometers, and gradiometers) will
significantly grow. Gravity missionsare of central importance for altimetry, because a precise geoid
is required torefer the sea surface topography to an equipotential surface.

GNSS period. GNSS stands for Global Navigation Satellite System. Thecurrent generation of
GNSS may be viewed as the successor of the Dopplersystems. The systems are based on coherent
microwave signals (in the L-band)emitted by the satellites in (at least) two carrier frequencies.
Simultaneity ofmeasurement of the signals emitted by several satellites and recorded by areceiver
allow for instantaneous positioning. The GPS (Global PositioningSystem) is the best known GNSS
and, on top of that, the best known spacegeodetic technique today. The system has an impact on
science and society asa whole, reaching far beyond space geodesy. GPS revolutionized
surveying,timing, pedestrian, car, marine and aircraft navigation. Many millions ofreceivers are in
use today. Spaceborne applications of the GPS have a deepimpact on geodesy and atmospheric
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sciences. Other systems, like the RussionGLONASS and the planned European Galileo system
(when/if fully deployed)will have a similar impact in future.

Notes:

1. Inertial reference system (IRS) — uHepuHaTbHAICHCTEMAKOOPANHAT;

2. VLBI (Very Long Baseline Interferometry) — paanounTtepdepoMeTprsicoCBEepXIMHHBIMIOAa3aMU
(PCAB);

3. Geodetic astronomy — reoie3uuecKassacCTPOHOMHUS;

4. Geodynamics — reoJMHAMHUKA,;

5. Aluminized mylar — agroMHHH3HUpPOBaHHBIHMAaIAP;

6. Carrier frequency range — 1uana3oHHECYIIMXYaCTOT;

7. lonospheric refraction - nonochepuaspedpaxius;

8. Repetition rate — 4acTOTanOBTOPCHUSUMITYIIbCOB;

9. InternationalEarthRotationService (IERS) — Mexnaynapoanasciayxba HaOMIOIEHHAS 3a
BpalllCHUEM 3E€MJIH;

10. International AstronomicalUnion (1AU) — MexayHapoaabritactponomuyeckuiicoio3 (MAC);

11. InternationalUnionofGeodesyandGeophysics (IUGG) —MexayHapoaHbIii COI03 T'EOJAC3HH
reousuku (MI'TC);

12. Simultaneity — cHHXpOHHOCTb.

3.3 Kputepuu onieHMBaHUA

Bune! Texyiero Beolicokuil ypoBeHb [IponBunyTHII IloporoBelii ypoBeHb Henonycrumslit
KOHTPOJIS 90-100% YPOBEHb 50-74%

75-89% 0-49%
HayuHo- 27-30 23-26 15-22 0-14
TEXHUYECKHE TEKCTHI
JUIS TIepeBofa

B cootBercTBHM ¢ [lonokeHneM 0 OAIITLHO-PEHTHHTOBON CUCTEME OIICHKH PE3YJIbTaTOB
00y4eHHS CTYJEHTOB MOCEIICHUE OLICHUBACTCS CICAYIOIIMM 00pa3oM:
- meHee 50% 3angTuii — 0 6amIoB;
- 50 — 74% 3ansaTuii — 15 0amnos;
- 75 — 89% 3ansTuii — 18 0amnos;
- 90 — 100% 3ansTuii — 20 6amwIoB.

KpI/ITCpI/II/I OLCHMBAHUS IIEPCBOJAA HAYIHO-TCXHUYCCKUX TCKCTOB

OtTinyHo Xopoiio YnoB1eTBOPUTETHHO HeynoBierBoputesno 0-14
27-30 6aioB 23-26 6ays10B 15-22 6annoB 0as10B

Bricokuit ypoBeHb ocBoeHUs |  CpemHuii ypoBeHb bazoBelil ypoBeHb Henocrarounslii ypoBeHb

MIPOBEPSEMBIX KOMITCTEHIINI OCBOCHUS YPOBEHb OCBOCHUS OCBOCHHUSI ITPOBEPSIEMBIX
TIPOBEPSEMBIX TIPOBEPSIEMBIX KOMITETECHINH KOMITeTCHITHH
KOMIIETEHITUH

IIepeBon IIOJTHEBIHI, 6e3 | [lepeBox momHsA, 6e3 | [lepeBon conepxkut | [lepeBog  comepKUT MHOTO

TIPOITYCKOB M TIPOU3BOJIBHBIX | IPOITYCKOB 1 | paKTHUECKHE OMINOKH. (hakTHYECKMX OMINOOK.

COKpaIeHuH TEKCTa | IPON3BOIBHBIX Huzxkas Hapymena MOTHOTA

OpUTMHANA, HE COAEPKHUT | COKPAIIEHHH  TEeKCTa | KOMMYHHKAaTHBHOCTD 1 | IepeBofa, ero
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(hakTHIeCKUX OIIMOOK. | OpUTHHATIA, IIOXask  «YUTAOCNIEHOCTEY | 3KBUBAJICHTHOCTh "
TepmuHOIOTHS JIOITyCKaeTCs OIIHA | TEKCTA  3aTPYTHSIOT  €TO0 | aJICKBaTHOCTb.

WCTIONIb30BaHA MPABWIBHO U | (haKTHUYECKas OIIMOKA, | IOHUMAaHUE PELICITOPOM. B mepeBone rpy00 HapyiieHbI
€ITHO00pa3Ho. npu yenosud | [pu MIEPEBOJIC | CHCTEMHO-3bIKOBBIC HOPMEI H
ITepeBon OTBEYACT | OTCYTCTBUS  IMOTEPh | TPMHUHOIOTHYECKOTO CTHJIb SI3BIKA TICPEBOJIA.
CHCTEMHO-SI3bIKOBBIM uHpOpPMaIUH U |ammapata He coOmrofeH | KoMMyHUKaTHBHOE —3alaHHe
HOPMaM ¥ CTHJIIO S3bIKA | CTHJIUCTUYCCKUX TPUHIIAI eTUHO00pa3usl. HE BBITIOJIHEHO.
nepeBosa. MOTPENIHOCTEH Ha|B meperome HapymieHs | [pyOble HapymieHus B Gopme
AJICKBaTHO MePEIaHsbl | ApYTUX  (parMeHTaX | CHCTEMHO-SI3BIKOBBIC HOPMBI | IPEIbSBICHUS ITEPEBO/IA.
KYJIBTYPHBIC U | TEKCTA. W CTHJIb sI3bIKa MEepeBo/a.
(YHKIIMOHATBHBIC Nwmerorcs HeanexsatHo PpeIIeHbI
mapaMeTphl HCXOTHOTO | HECYIIICCTBEHHBIC pOOJIEMBI peanu3anuu
TEKCTA. MOrpeuIHoOCTU B KOMMyHI/IKaTI/IBHOFO
JlonmyckaloTcss ~ HEKOTOpBIE | UCTIOb30BAHUT 3a/1aHusl.
NOrPEIIHOCTA B (pOpME | TEPMHUHOIOTHH. Nwmerorcss  HapylmieHus B
NpeAbSIBICHUS IIEPEBOIA. IlepeBon B | hopme NIPEAbABICHUA

JIOCTaTOYHOW CTEMNEHH | IepeBoa.

OTBEYACT  CHUCTEMHO-

A3BIKOBBIM HOpMaM H

CTHITIO SI3bIKA
nepeBoza.
KynerypHBIe U
(YHKIMOHANBHBIE

HapaMeTpbl HCXOAHOTO
TEeKCTa B OCHOBHOM
aJIeKBaTHO MepeaHbl.
KomMmyHukaTuBHOE
3aJjaHie Peann30BaHo,
HO HEJJOCTaTOYHO
ONTHUMAJIBHO.
Homyckarorcs
HEKOTOpHIC
HapylieHuss B ¢opme
MIPeIbsABICHU
nepeBoza.
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